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ABSTRACT 
In order to maintain good performance and a time-
efficient calculation period to simulate an entire 
urban environment, the simulation efforts for single 
buildings must be as simple as possible. By 
generalizing all heating load curves using particular 
density functions, the result is a heating density 
function for non-residential buildings considering 
particular constructions and individual occupancies. 
The only inputs needed are a certain urban 
development scenario, which is going to be 
investigated within the URBEM Project, and the 
quantity of buildings to generate aggregated, location 
and time dissolved heating load curves. 

INTRODUCTION 
URBEM (URBEM, 2013) is an interdisciplinary 
cooperation between the Vienna University of 
Technology and the Wiener Stadtwerke. The aim is 
to research and develop an interactive environment 
for analyzing scenarios towards a sustainable, secure, 
affordable and liveable city using the example of the 
City of Vienna in a holistic and interdisciplinary 
approach. One of the key elements is to develop a 
proper simulation tool to simulate the effects of 
different urban development strategies (e.g. for 2020, 
2030 and 2050) focusing on all buildings and the 
entire energy distribution within a district or even an 
entire city. Therefore, different urban development 
scenarios are used as an initial parameter to run the 
entire simulation environment. Such individual 
indicators (e.g. heating demand or refurbishment 
rates) are usually insufficient to run commercial 
building simulation tools. The aim of this research is 
to find a validated method in terms of individual 
density functions to create location and time 
dissolved load profiles for the heating demand with 
respect to the thermal quality, construction year and 
the influence of occupancy. 

INVESTIGATED BUILDINGS 
In order to validate the density function, four 
different building models (Figure 1 to Figure 4) have 
been developed. All building models can be seen in 
the following figures. Those building models have 
been developed with BuildOPT_VIE, which will be 
briefly described in the upcoming chapter. 

 
Figure 1 – BLDG-A 

 
BLDG-A - represents a virtual office building with 
two stories and 22 zones. 
 

 
Figure 2 – BLDG-B 

BLDG-B represents a virtual office building with 
three zones. 
 

 
Figure 3 – BLDG-C 

BLDG-C represents a virtual office building with 
three stories, 18 zones. 
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Figure 4 – BLDG-D 

BLDG-D represents a real office building built 
before 1940 with six stories and 21 zones. 
  
All building models (Figure 1 to Figure 4) have been 
considered for the general validation, but this paper 
addresses only the results of BLDG-C (Figure 3) and 
BLDG-D (Figure 4). Both building types are well 
represented in Vienna. Therefore, both models seem 
to be accurate case study building models for further 
validations within in this research. 
In order to achieve a fair validation, both building 
models have either the thermal quality of the current 
Austrian building regulation (OiB, 2015) called 
BAU-B, or the thermal quality of a nearly zero 
energy building (OiB, 2015) called NZEB. A brief 
description of some calculated thermal quality 
characteristics for both the BAU-B and NZEB is 
listed in Table 1. Both building models have the 
same constraints within the simulations such as 
weather data, shading use, temperature and lighting 
set points, internal gains, air exchange rates and 
others (OiB, 2015; Austrian Standards Institute, 
2010). The use of constant variables enables a fair 
comparison regarding the functionality of the density 
function for this particular dynamic simulation tool. 
 

Table 1 
Thermal quality of the test models for simulation 

validation. 
 

Scenario BAU-B BAU-B NZEB NZEB 

 U-Value [W/m2K] 

Building 
model 

BLDG-C BLDG-D BLDG-C BLDG-D 

Exterior 
wall 

0.302 0.273-
0.333* 

0.097 0.091-
0.132* 

Ground 
floor 

0.360 0.360 0.173 0.173 

Upper 
ceiling 

0.182 0.188 0.100 0.095 

Windows 1.7 1.7 0.8 0.8 

*Due to eight different exterior wall types in building model (d), 
the U-Value has a range of values. 

Furthermore, this paper addresses the difference 
between two different building use cases in terms of 
occupancy in BUC. According to Figure 5, two 
different building use cases have been developed for 
the validation procedure. 

 
Figure 5 - investigated building use cases (BUC). 

Basically BUC1 represents office occupancy with a 
lower simultaneity factor than BUC2. While BUC1 
can be seen as a typical office use, BUC2 represents 
maximum occupancy except during lunch breaks and 
some evening hours due to special office hours. By 
calculating the simultaneity factor for both cases, the 
area for corridors was not considered and was thus 
set to 0%. 

METHOD 
Within the URBEM simulation environment, all 
further energy balancing results on the building level 
are based on the Annex 53 Report (Yoshino et al., 
2013). Due to this research, only the energy 
boundary, Eb, is considered for validating the method 
of using density functions to predict the heating 
demand in different scenarios within the URBEM 
environment (Yoshino et al., 2013). 
The method to create these density functions is based 
on (Ziegler et al., 2015). For an enhanced 
understanding regarding the influence of the different 
building use cases’ influences, the general approach 
of the density function can be found within  
Equation (1), Equation (2) and Equation (3) and is 
applied to different building use cases. 

BuildOPT_VIE is used as the simulation reference to 
verify the correctness and accuracy level of a 
particular density function (Korjenic et al., 2010), 
developed at the Research Center of Building Physics 
and Sound Protection at the Vienna University of 
Technology. BuildOPT_VIE is a multi-zone model 
for whole building hygrothermal calculations with 
the capability of simulating more than 6000 zones. A 
finite volume method with an explicit time scheme is 
used for the building construction simulation. This 
simulation software has been validated with data 
from Annex 41 (Woloszyn et al., 2008) and many 
other experimental validations from real buildings 
(Korenjic et al., 2011), but not by ASHRAE. Based 
on (Yoshino et al., 2013; DIN, 2008), the simulation 
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for the annual heating demand is conducted using 
BuildOPT_VIE. 
Equation (1) shows the calculation of the density 
function using H,nd(t,i,z) and H,nd(i,z). 
 

ℎ	  (𝑡, 𝑖, 𝑧) =
𝐻, 𝑛𝑑	  (𝑡, 𝑖, 𝑧)
𝐻, 𝑛𝑑	  (𝑖, 𝑧)

 
(1) 

 
h (t,i,z) = density function for each time step and one 

particular building model at a certain building 
use case 

t = time step [h] 
i = building model (e.g. BLDG-C, BLDG-D) 
z = building use case (e.g. BUC1, BUC2) 
H,nd (t,i,z) = heating demand for each time step and one 

particular building model [kWh/h] at a 
certain building use case 

H,nd (i,z)   = annual heating demand for 1 particular 
building model [kWh/a] at a certain building 
use case 

 
According to Table 1, Figure 3 and Figure 4, the 
following matrix, Equation (2) can be created for 
each density function. 
 

ℎ	   𝑡, 𝑖, 𝑧 =

ℎ	   𝑡, 𝐵𝐴𝑈 − 𝐵 𝐶 , 𝑧
ℎ	   𝑡, 𝑁𝑍𝐸𝐵 𝐶 , 𝑧

ℎ	   𝑡, 𝐵𝐴𝑈 − 𝐵 𝐷 , 𝑧
ℎ	   𝑡, 𝑁𝑍𝐸𝐵 𝐷 , 𝑧

 (2) 

 
h (t, BAU-B(C),z) = density function for the BAU-B 

scenario and BLDG-C 
h (t, NZEB(C),z) = density function for the NZEB 

scenario and BLDG-C 
h (t, BAU-B(D),z) = density function for the BAU-B 

scenario and BLDG-D 
h (t, NZEB(D),z) = density function for the NZEB 

scenario and BLDG-D 
 

In order to calculate H,nd(t,i,z) by using a density 
function for each time step, Equation (3) will be used 
instead of a conventional simulation model. 
 
𝐻, 𝑛𝑑	   𝑡, 𝑖, 𝑧 = ℎ 𝑡, 𝑖, 𝑧 	   ∙ 	  𝑓 𝑖 	   ∙ 	  𝐴(𝑖) (3) 
 
h,nd (t,i,z) = heating demand for each time step, 

particular building type and building use 
case using a density function [kWh/h] 

h(t,i,z) = density function for each time step of a 
particular building model and building use 
case 

f(i) = scenario objective for the specific annual 
heating demand [kWh/m2a] 

A(i) = floor area [m2] 
 

Within the URBEM Project, several scenarios such 
as the annual heating demand (e.g. 2020, 2030, and 
2050), refurbishments rates or the total gross area for 
a neighborhood are investigated. These parameters 
are used as initial parameters to run the entire 
URBEM simulation environment. The initial 
parameters, f(i) and A(i), are found in Equation (3). 
The time and location dissolved heating demand 
values for each building are uploaded into the 
UBREM simulation cloud. This enables a time and 
location dissolved interaction between each building 
and entire energy distribution networks (e.g. district 
heating grid, district cooling grid, gas grid and 
electricity grid). The procedure and method for these 
interactions will be addressed in another paper. 

RESULTS 
Within the URBEM simulation environment, the 
density functions are used for different future 
scenarios regarding the effects of various load 
profiles for the heating demand of individual 
buildings connected to the entire energy grid. 
Therefore, based on the scenario requirements, the 
density functions are applied to every single building 
within the considered boundaries (e.g. at a district 
level or even a city level). A time and location 
dissolved heating demand for a particular building is 
calculated using Equation (3) by initializing the right 
density function with the individual building area and 
scenario objective. For instance, the density function 
for BLDG-D is initialized using the total gross area, 
the scenario-driven heating demand and the right 
building use case as represented by Equation (3). 
All further validation results are based on the results 
for the case of a BAU-B building (represented by 
blue lines) and a NZEB building (represented by 
green lines). For easier understanding, all used 
abbreviations used in the Results Section are listed 
below: 
 
BLDG-C/BLDG-D  

= Building model C and building model D 
SIM BAU-B/NZEB  

= Simulation results for either a BAU-B or 
NZEB building model – the models always have 
continuous lines 

DF BAU-B to NZEB / DF NZEB to BAU-B  
= Density function created by either a BAU-B or 
NZEB building model to generate results for 
either a NZEB or BAU-B building – the models 
always have dotted lines 

Deviation BAU-B / NZEB  
= Represents the relative deviation between the 
simulation results and the results from the density 
function – the results always have dashed lines 

BUC1 / BUC2  
= Represents the occupancy of either building 
use case 1 (BUC1) or building use case 2 
(BUC2) 
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Comparison of BUC 1 and BUC 2 

Figure 7 shows a typical validation result of a certain 
density function (Ziegler et al., 2015). In this 
particular case, the density function is used to create 
a load profile for BLDG-D / BUC1. Thus, only the 
thermal building quality is varied. Both continuous 
lines (blue and green) represent the results from the 
simulation using BuildOPT_VIE. Both dotted lines 
represent the results using a density function. In the 
case of BLDG-D, a density function based on the 
simulation results for a BAU-B Standard was used to 
generate the load profile for a NZEB Standard (the 
green dotted lines); and one density function based 
on the simulation results for a NZEB Standard was 
used to generate the load profile for a BAU-B 
Standard (the blue dotted lines). The results show a 
highly accurate correlation between the density 
functions to the simulation results. Figure 8 and 
Figure 8 represents the same validation as Figure 7, 
but shows a one-day resolution for BLDG-C and for 
BUC1 and BUC2. 

 
 

Figure 7 – one day load profile for BLDG-C / BUC2 
for the 1st of March 

 
 

Figure 8 - one day load profile for BLDG-C / BUC1 
for the 1st of March 

In Table 2, the different results summarize the 
differences of BUC 1 and BUC 2. 

Table 2 
Comparison of BUC1 and BUC2 for BLDG-D. 
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Figure 6 – monthly Validation using a density function created by BLDG-D / BUC1 
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All values in the first column represent the results of 
a detailed simulation for this particular building using 
the BAU-B Standard and BUC1. The values of the 
second column represent the results of using a 
density function for this particular building with a 
NZEB and BUC1 substructure. The third column 
shows the relative deviation related to the total 
heating demand, which is below +/- 1% almost every 
month. 

Due to the different building use cases shown in 
Figure 5, the occupancy differences can be seen very 
well. While at a high simultaneity factor (BUC2), no 
lunch break or evening hours can be seen in the load 
profile due to higher internal gains; a lower 
simultaneity factor shows that more precisely. Both 
cases show high accordance between the simulation 
results and the results created by the density function 
during operation hours as seen in Figure 7 and Figure 
8. During office hours, the results for the NZEB are 
overestimated and the results for BAU-B are 
underestimated. 

Density function created by BLDG-C transferred 
to BLDG-D for the same BUC 
A density function has been used to create a load 
profile for a completely different building type for 
BUC2 and is seen in Figure 9. In this case, a density 
function for BLDG-C was used to create a heat load 
profile for BLDG-D, meaning that this validation is 
dealing with two variable parameters: thermal 
standards and building type. The results for both 
cases BAU-B and NZEB are accurate. Additionally, 
the relative deviation of the total heating demand as 
an accuracy measurement can be seen on the right 
axis of Figure 9. The relative deviation is roughly  
+/- 2.9% (for the NZEB standard). The relative 
deviation trend is rather similar for both the NZEB 
and the BAU-B; The BAU-B Standard even performs 

slightly better. The courses of the relative deviations 
are almost parallel. Similar to Figure 9, Table 3 
shows the same results, but this time is the other way 
around. A density function created by BLDG-D was 
used to generate a heating load profile for BLDG-C. 
Both the simulation and the density function are 
based on BUC2. 
 

Table 3 
Validation using a density function created by 
BLDG-D / BUC2 to create a load profile for  

BLDG-C / BUC2. 
 

 
 

Both results perform at an accurate level for an urban 
simulation and are similar to the validation of BUC1 
in terms of quality and quantity (Ziegler et al., 2015). 
The results for the relative deviations are in the range 
of -2.83% (November) to a maximum of 2.77% 
(February). 

Density function created by BLDG-D / BUC1 
transferred to BLDG-D / BUC2 
This investigation shows the correlation if a density 
function is used to transfer different BUCs to the 
same building type. Therefore, it is dealing with two 

 
 
Figure 9 – monthly Validation using a density function created by BLDG-C / BUC2 to create a load profile for 

BLDG-D / BUC2. 
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variable parameters (thermal standards and building 
use cases). In this case, a density function created by 
BLDG-D / BUC1 is used to create a heating load 
profile for BLDG-D / BUC2 as shown in Figure 10. 
The results correlate better than the results of the 
previous case (see Figure 9 and Table 3). The relative 
deviation performs at a level of +/- 0.7% 

Density function created by BLDG-D / BUC2 
transferred to BLDG-D / BUC1 
Table 4 focuses on the same case shown in Figure 10 
but the other way around. Therefore, a density 
function created by BLDG-D / BUC2 is used to 
create a heating load profile for BLDG-D / BUC1. 
 

Table 4 
monthly Validation by using a density function 

created by BLDG-D / BUC2 to create a load profile 
for  BLDG-D / BUC1. 

 

 

The results for the relative deviations are in the range 
of -0.79% (December) to a maximum of 0.73% 
(January). 

Density function created on BLDG-C / BUC1 
transferred to BLDG-C / BUC2 
Similar to the two previous subchapters, the same 
validation procedure for BLDG-C can be seen in 
Table 5 and Table 6 

Table 5 
monthly Validation by using a density function 
created by BUC1 / BLDG-C to generate a load 

profile for BUC2 / BLDG-C. 
 

 
 

 
Figure 10 – monthly Validation using a density function created by BLDG-D / BUC1 to create a load profile 

for BLDG-D / BUC2. 
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Density function created on BLDG-C / BUC2 
transferred to BLDG-C / BUC1 
 

Table 6 
monthly Validation by using a density function based 

on BUC2 / BLDG-C to generate a load profile for 
BUC1 / BLDG-C. 

 

 
 
Both results perform within a range of a maximum 
deviation of 1.81% and a minimum deviation of  
-2.49%. Due to the lower compactness of BLDG-C 
in relation to BLDG-D, the relative deviation is 
higher. 

Density function created on BLDG-C / BUC2 
transferred to BLDG-D / BUC1 
The last result discusses the case if a density function 
created by BLDG-C / BUC2 is applied to create a 
heating load profile for BLDG-D / BUC1. This case 
differs from all previous cases, as three variable 
parameters are used with only one density function. 

 

Table 7 
monthly Validation by using a density function 

created by BLDG-C / BUC2 to create a load profile 
for BLDG-D / BUC1. 

 

 
 
The relative deviations are visible in Figure 11. The 
relative deviation with three variable parameters does 
not perform as well as the previously investigated 
cases with either one or two variable parameters. The 
results for the BAU-B Standard are slightly 
underestimated and those for the NZEB Standard are 
slightly overestimated. The maximum relative 
deviation is +3.09% (November). 

CONCLUSION AND OUTLOOK 
The results for almost all investigated density 
functions are sufficiently accurate to generate heating 
load profiles within the URBEM simulation 
environment. The simulation efforts for individual 
buildings, by using density functions instead of 
individual commercial building simulation software, 
is optimized to a consistent level of accuracy of less 
than one second. Furthermore, initial parameters such 
as the annual heating or cooling demand, 
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Figure 11 – monthly Validation using a density function created by BLDG-C / BUC2 to create a load profile 
for BLDG-D / BUC1 
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construction year, type of building or the occupancy 
are sufficient to obain the right density function for 
the right building within the URBEM simulation 
environment. Detailed parameters for running 
conventional building software programs such as 
heat conductivity, insulation, thermal resistance or 
even the scale of the building are combined in only 
one function. 

Table 7 
Summary of results 

 

 
 
Basically, the heating demand density function can 
be used for different building types, thermal quality 
standards or for different building use cases. Table 7 
reflects the results of all investigated cases. All 
results for the same building type are performing at 
an accurate level. Buildings with higher compactness 
(BLDG-D) perform better then buildings with lower 
compatness (BLDG-C). This indicates some 
necessary improvements for different building types 
and different occupancy scenarios. In order to 
increase the accuracy within the URBEM Project, 
more individual density functions are needed (e.g. 
different building types). Furthermore, due to the 
interdisciplinary nature of the URBEM Project, the 
creation of more detailled occupancy scenarios is 
supported by sociologists and will be implemented in 
the near future. The number of variable parameters 
can thus be reduced to two by using more detailled 
occupancy scenarios. 
Further research will extend the density functions to 
cooling demand profiles, HVAC-Systems for 
balancing at the level of real energy consumption, 
electrical load profiles and higher penetration for 
different lifestyle aspects. 
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