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Abstract. Building regulations in Sweden require that an energy calculation is 
done for every building to show that the building design meets the maximum 
specific energy use as outlined in the Swedish Building Code. The result of this 
energy calculation is always reported to the nearest integer, for example an en-
ergy calculation of a building might predict that it should use 89 kWh/m2 year 
when the building regulation limits the actual energy use to maximum 90 
kWh/m2 year. This level of reporting can lead to conflicts if the measured ener-
gy use is greater than the calculated energy use. With the current tools you need 
to do a time consuming parametric study in order to see which risks are associ-
ated to the design and material properties. 

 
Investigations of different buildings show that energy measurements can 

vary significantly in identical houses. To take into account these differences and 
avoid costly parametric studies, it is common to add an uncertainty factor to the 
calculated results. In the project, “Calculation method for probabilistic energy 
use in buildings” two commercial energy calculation programs developed in 
Sweden were modified to use Monte Carlo simulations. This method was then 
tested using a passive house design which was used in the Vallda Heberg pas-
sive house development. The calculation results were then compared with the 
actual measured energy.  

 
The results show that a variation of 15 input parameters could explain most 

of the difference between measured energy use and calculated energy use. The 
results from the probabilistic energy calculation even showed that the original 
energy calculation was on the high-end of the calculated energy distribution. It 
showed that the probability that the measured energy use would fulfil the Swe-
dish building code was over 95 %. 
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1 Introduction 

1.1 Calculation method project 

This paper is the second article as a part of a project called “Calculation method for 
probabilistic energy use in buildings”. The article Burke et al. [1] provides a back-
ground to the project as well as reports the preliminary results obtained before the 
project was completed. Report Burke et. al. [2] is a full report on the project however 
it is only available in Swedish.  

The purpose of this project was to develop and test the applicability of applying 
Monte Carlo simulations to energy simulations using two popular dynamic energy 
calculation tools developed in Sweden. The goals of the project were; to look at which 
input parameters have the largest influence on the result; to begin defining a realistic 
spread of the most significant parameters; to study the advantages and disadvantages 
of probabilistic energy calculations; and to look at the discrepancies between calculat-
ed and measured energy use. Based on the test object study, which is presented in 
Burke et al [1], it was determined that the method should be tested with 15 parameters 
with variable values.  

2 Method 

This paper shows the results of a blind energy calculation done on a single-family 
passive house. The calculations used variable parameters and 1000 iterations.  

2.1 Input parameter inventory 

Since the purpose of this project is to develop a method of doing energy simulations 
whilst applying Monte Carlo variations on some input parameter, it was critical to 
find and use realistic input data in the simulations. Fifteen input parameters were 
chosen to vary according to a realistic variation that would be expected in regards to 
material properties and user behavior. Some of the parameters were obtained for the 
case through a previous study by Fahlén et. al. [3]. It is important to note that there is 
not enough data to define the distributions for most input parameters, however all 
variations presented are based on a source with some data. A simple distribution was 
based on the limited data available and the experience of the project’s working group 
in order to test the calculation method. The different types of distributions are shown 
in Fig. 1. Future work is needed to improve the distributions of the different input 
parameters. 

 
Fig. 1. (a) Triangular distribution, (b) Uniform Distribution, (c) Skewed triangle distribu-

tion 
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2.2 Energy calculations 

Energy calculations were done for a passive house single-family home. The design 
for the passive house was used to build 26 identical houses in the same development. 
The houses were prefabricated on-site (a mobile indoor construction site was made so 
the prefabricated parts could be produced indoors then delivered quickly to the 
worksite and mounted with cranes). This method was used as a means of producing a 
similar level of quality in all the houses.  

In order for this project to be possible, two energy calculation software companies, 
Equa and StruSoft, have developed heavily modified versions of their most popular 
energy calculation software based on IDA ICE and VIP Energy respectively. Lund 
University has developed algorithms which generate the input-data text file used by 
both programs. The input parameters were defined by energy specialists at NCC 
based on both the spread of parameters found in the actual houses, and literature. The 
programs can read the number of calculations to be done, as well as read the specific 
values to be used in the current energy calculation and can return the Swedish specific 
energy use value, as defined by the Swedish National Board of Housing, Building and 
Planning (Boverket) in the Swedish Building Code (BBR), for each run.   

Each run includes randomly generated values for each of the input parameters with 
the distributions as shown above in Fig. 1 and parameters presented below in Table 1. 
This then gives us a distribution of the calculated energy use where the uncertainties 
in the input parameters are taken into account. We can then estimate quantiles for the 
calculated energy use that provide an upper bound for the energy use with prescribed 
certainty. There is also an uncertainty coming from that we use a finite number of 
random samples for the input parameters. This uncertainty can also be taken into ac-
count using so called bootstrap techniques.   

Table 1.      The input parameters for the passive house calculation test case. 
Parameter Symbol Unit Initial Value for 

calculation 
Variation Distribution  

Lambda value of min-
eral wool insulation* 

λ W/mK 0,0438* ±0,00575 Triangular 

U-value of windows U-
value 

W/m2K 0,75 ±0,2 Triangular 

g-value of windows g - 0,37 -0,15 Skewed triangular 

Thermal Bridges Ψ % of U*A 25 ±5 Uniform  

Buildings Airtight-
ness**  

q50 l/sm2 
External 
surface 
area @ 50 
Pa 

0,1 ±0,05 Triangular  

Indoor temperature T °C 21,5 ±0,5 Triangular 

Supply Fan Specific 
Fan Power (SFP) 

SFPSup kW/m3s 0,67 +0,30 Skewed triangular 

Extraction fan SFP SFPExt kW/m3s 0,67 +0,30 Skewed triangular 
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Heat recovery efficien-
cy of Supply and Ex-
tract ventilation  

η - 0,8 ±0,03 Uniform 

Supply air flow qSup l/sm2 
Atemp 

0,39 ±0,13 Triangular 

Unbalance (extraction 
air flow) 

qExt l/sm2 
Atemp 

qExt= qsup - 
variation 

±0,03 Triangular 

Household electricity Qhouse W/m2 
Atemp 

4 ±1,15 Uniform 

Heat generated by 
people 

Qpers W/m2 
Atemp 

1,92 ±0,44 Triangular 

Domestic Hot Water 
use 

EDHW kWh/m2 
Atemp yr 

20 ±10 Triangular 

Kitchen Ventilation 
Losses 

EKV kWh/m2 
Atemp yr 

3 ±1 Triangular 

*: Including wood framing in wall. 
**: Based on actual air tightness tests. 

3 Results and Discussion 

The results of a blind energy calculation done on a single-family passive house are 
shown in Fig. 2. We here supply the average and median energy use as well as the 95 
% upper quantile with and without finite sample correction. The finite sample correc-
tion is done by a bootstrap technique to assess the uncertainty coming from a finite 
sample size of 1000. The original energy use calculated according to BBR for the 
house below was 60 kWh/m2 year.  

 
Fig. 2. A three-dimensional histogram of the calculated energy use. The mean, median, and 95 
% quantiles are marked on the axis. Similar results were obtained with both energy simulation 
programs. 



5 

Fig. 3 shows the same information as Fig. 2 but without the average, median or 95 
% upper quantile. Interestingly both programs had similar results despite small differ-
ences in their internal calculation engines. 

 

 
Fig. 3. A two-dimensional diagram showing the results of the energy calculations from the two 

energy simulation programs. 

Fig. 4 shows the distribution of the measured energy use for the 26 passive houses. 
Fig. 5 shows a comparison of both the calculated results and measured results relative 
to the energy use requirement of 60 kWh/m2 year. 
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Fig. 4. The measured energy use distribution for the 26 passive houses. 

 
 

 
Fig. 5. The calculated energy use from both software compared to the measured energy use and 
the original energy use requirement of 60 kWh/m2. 
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The results seem to show a good correlation between the measured and calculated 
energy use. This is despite the fact that not all parameters vary. The measured energy 
use seems to have a few houses which use more energy than predicted, however this 
could be because of other parameters which were not varied. Other parameters will 
have to be studied in future work. 

Another interesting result is the placement of the energy requirement. The result 
shows that, already in the calculation, there was a small risk that some of the passive 
houses would exceed the energy requirement set by the project. This risk was verified 
when the calculated energy use was compared to the measured energy use. In the 
measured houses there were a few more houses over the energy requirement than 
predicted. It is important to know that an investigation was conducted as a part of the 
Lågan study [3] which showed why this energy use was higher. It was because of one 
small detail where the user did not behave as predicted. Each house had a small porch 
attached to the entrance of their house. This porch is indoors but is designed to be an 
un-heated space for storing jackets and shoes. Some of the building owners were leav-
ing their interior door open into the porch to warm up this area. This led to a larger 
energy use in those houses.  

In a conventional energy calculation the goal is to predict the energy use as closely 
as possible without being too low or going over the requirement. This is purely for 
economic reasons. A house which is much more energy efficient than required proba-
bly used more materials than required, increasing its cost. At the same time if the 
measure energy use is too high, then not enough materials were used and the design-
er/contractor risks additional costs due to fines or be-building costs. Generally the 
costs associated with being over the energy use requirement can be higher than when 
the energy use is far below the required. Safety margins are added to the calculation 
to try and account for unknown parameters so that the risk of the measured energy use 
exceeding the calculated energy use is minimized. However, these methods do not 
provide any indication of how much risk exists.  

4 Conclusions 

The results of this project showed that it is possible to apply Monte Carlo tech-
niques to dynamic energy calculations; however this process was difficult and com-
plex. The calculated values seemed to agree quite well with the measured values from 
26 passive houses.    

One interesting conclusion from this project is that with this method it is possible 
to discuss risks associated with the measured energy use exceeding the calculated 
energy use without using safety margins. Lowering this risk using random safety 
margins is potentially more expensive due to the unknown risks associated with the 
energy calculation. The method presented in this paper shows an alternative way of 
presenting the calculated energy use and opens up the discussion regarding how much 
risk is acceptable to the building owner without utilizing safety margins. 
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