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Abstract 
A survey amongst Danish practitioners suggests that a 
main barrier for early use of energy simulations to inform 
design decisions is excessive time needed for manual 
extraction of geometrical data needed for whole-building 
energy calculations according to Danish rules and 
regulations. This paper presents a plug-in to Revit that 
enables thermal performance evaluations for decision 
support and Danish building code compliance to be 
executed directly from REVIT, i.e. without the need for 
time-consuming parallel modelling. The plug-in is 
reliable in terms of extracting geometry data according to 
Danish rules and passing it to Be15 (the mandatory tool 
for documenting EPBD compliance), and to the dynamic 
thermal simulation tool ICEbear if the user follows a few 
general rules in the modelling. 

Introduction 
The Energy Performance of Buildings Directive (EPBD, 
2010) requires that the energy performance of a new 
building in the European Union be certified to ensure that 
it fulfils the minimum national requirement. The energy 
certification process varies from country to country but it 
is based on a calculation of the expected energy use 
according to the quasi-steady state or simple hourly 
method in EN ISO 13790 (2008). The Danish national 
calculation method is based on the quasi-steady method 
described in EN ISO 13790 and implemented in a tool 
called Be15 (2016). Calculation results from Be15 have 
become a critical benchmark for design decisions 
throughout the building design process of Danish 
buildings since it became mandatory in 2006. However, a 
Be15 calculation often requires substantial time and effort 
to conduct which conflicts with the need for rapid 
evaluations of design ideas in the explorative early design 
stages.   
The objective of this paper is to present a newly developed 
software application that allows for fast and reliable 
extraction of geometrical data from Revit models as input 
to thermal calculations in Be15 as well as a newly 
developed hourly simulation tool called ICEbear (Purup 
and Petersen, 2017; Lauridsen and Petersen, 2014). The 
software was developed based on realisations from an 
interview and survey amongst Danish practitioners 
working with Revit and building performance simulation 
(BPS) throughout the building design process. The main 
outcome of the interviews and survey is presented in the 

following to provide the background for the development 
of the application presented in this paper. 

Interviews and survey 
The purpose of the interviews was to identify current 
practice trends in the application of BPS tools for various 
purposes throughout the design process and any 
corresponding challenges. A total of nine practitioners 
(four architects and five engineers) were asked to estimate 
how much time they normally use in the different phases 
of the design process according to the definition provided 
by the Danish Association of Architectural Firms in 
collaboration with the Danish Association of Consulting 
Engineers (FRI and DARK, 2012): 1) Conceptual design, 
2) Schematic design, 3) Project proposal, and 4) Detailed 
design. Subsequently, they were asked to state when 
Revit, Be15, and dynamic thermal simulations, 
respectively, usually is deployed in the process. Next, 
they were asked to repeat the exercise but instead of 
stating what usually happens, they should now state how 
they would want (or like) to spend their time in the 
process and when they would want (or like) to deploy the 
aforementioned tools. Figure 1 depicts the outcome of the 
survey. The coloured boxes indicates the average voted 
length, placement and overlap of phases. The arrows 
indicate the average vote of the participants in terms of 
when tools are/wanted to be applied. It is noted that votes 
had a somewhat large spread, and figure 1 must therefore 
only be interpreted as a tendency – not as an absolute 
measure. 
Currently, engineers seems to spend the majority of time 
in phase 4 whereas architects spend most of the time in 
phase 1-3. Both parties experience only minor overlaps 
between the phases. However, both parties wants to spend 
more time in the initial phases 1-3 and more overlaps 
between phases. Engineers wants to be more involved in 
phase 1-2 and melt these two phases more together. 
Architects wants to expand phase 1 somewhat while 
phase 2 should be expanded significantly and make 
overlap much more into phase 3. In terms of digital tools, 
there is a tendency that both parties wants to push the 
start-up of using Revit from phase 2-4 to phase 1-2. There 
is also a general desire to push the start-up of mandatory 
energy calculations in Be15 to earlier phases, and make 
use of dynamic thermal simulation tools for decision 
support even earlier. 
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Figure 1: Perceptions of building process phase length 

and when tools are used. 
 

A new tool capability in Revit 
Focusing on the use of BPS tools, the statements from the 
interviews suggests that a main barrier for (desired) early 
use of BPS tools currently is excessive time consumption 
needed for executing calculations and simulations – 
especially process of manual extraction of geometrical 
data for whole-building energy calculations, but also 
setting up the remaining part of the models. This conflicts 
with the need for rapid evaluations of design ideas in the 
explorative early design stages.  
There are currently several available initiatives that 
facilitates thermal simulations of CAD models, for 
example DIVA-for-Rhino (2017), Honeybee (2018) for 
Rhino/grasshopper, Openstudio (2017) for SketchUp, and 
Green Building Studio (2017) for Revit. However, none 
of these has the capability to comply with Danish rules 
and regulations. Consequently, we focused on developing 
a software application that enables fast and reliable 
extraction of geometrical data from Revit models as input 
to thermal calculations in the Danish national calculation 
method Be15 as well as ICEbear. 

Method 
The new application was developed using the coding 
language C# in Visual Studio (2017) as C# can be used to 
link up with the Revit API. 
The Danish standard DS 418 (2011) prescribes that 
calculation of heat transmission through constructions 
and windows must be with respect to gross areas. This is 
not a standard output from Revit; the new application 
must therefore be able to generate this information from 
Revit models. It must also be able to extract the 
orientation, tilt and perimeter of each window in the 
model, the overall orientation of the building, and the 

outer perimeter of the ground floor. Finally, it must also 
be able to calculate the shadow effects on the windows 
from window offset in wall, overhang, and external 
obstructions. The following sections describes in further 
details how the new application extract Revit data and 
modifies it for application in Be15 and ICEbear.  

Exterior walls 
The application calculates the area of all wall elements 
defined as exterior walls if the Revit type parameter 
function for the element is set to Exterior. To ensure that 
the user has not defined a type parameter function Interior 
by mistake, we programmed a helper function using the 
ray projection function embedded in Revit that sends out 
a ray projection from the middle of each Basic Wall type 
in the same direction as its orientation but with a rotation 
of 45°, see figure 2. Another but mirrored ray is also sent 
out. Each ray then do up to three bounces; the wall is 
suggested to the user to be an exterior wall if one of the 
bounces does not register another Revit element.  
 

 
Figure 2: Ray projection used to identify exterior walls. 

The green arrow is the orientation of the wall. 
 

The measurements needed for calculating the heat 
transmission area of exterior walls must according to DS 
418 be outer measures as depicted in figure 3. However, 
Revit only provides measurements made in a centre line 
of the wall element that in some situations leads to 
measurements that do not fulfil DS 418. Therefore, 
several geometrical calculations using the aforementioned 
ray projection algorithm was programmed to calculate 
outer measures, see figure 4 for some examples. The new 
application is then able to calculate wall transmission 
areas according to DS 418. 
 

 
Figure 3: Outer measures according to DS 418. 
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Figure 4: Different situations where the new application 

needs to calculate new distances (green lines). Left: 
Angle between two exterior walls ≠90°. Centre: Length 
of curved wall. Right: Wall height if roof has a slope. 

 

Ground floor and roof 
The area of the ground floor can be extracted as parameter 
from the relevant Revit element. However, the ground 
floor may not have been drawn according to DS 418. A 
function is therefore constructed to calculate the correct 
ground floor area according to figure 3. The function also 
calculates the perimeter length of the ground floor. 
The roof area can be extracted as parameter from the 
relevant Revit element as well but this value may for 
various reasons not fulfil DS 418. For example, the roof 
element could be drawn as in figure 3 (left), i.e. also 
representing an overhang. The area of a roof element is 
therefore calculated as the floor area divided by the cosine 
of the average slope of all roof elements. 

Windows and doors  
Several parameters needs to be calculated for windows 
and doors as they not necessarily only have a transmission 
heat loss but also a heat gain through their transparent 
parts. 
Revit provides a gross area of a window or a door as 
parameter. However, it has been observed that this area 
may be imprecise for other than rectangular window 
geometries. Furthermore, it was observed that the Revit 
window area value may render a rounding error of up to 
0.5 m2 in the Revit API. To avoid these problems, the area 
of window and door elements is instead calculated using 
a curveloop function, i.e. an algorithm that identifies the 
lines that encircles a face in an element; the Revit API has 
a function that is able to calculate area of a face based on 
its curveloop. The area provided by the Revit element 
property is used if for some reason it is not possible to 
generate the curveloop for the window or door face. The 
perimeter and corner point coordinates of windows and 
doors can also be found using curveloops. 
It was expected that the orientation of windows and doors 
in Revit could be calculated from the normal vector of 
their surface. However, it has been observed that the 
vector is sometimes not perpendicular to the window 
surface – especially in the case of skylight windows. A 
new helper function therefore compares the window or 
door orientation calculated with the Revit normal vector 
to the orientation of the faces belonging to the wall or roof 
that hosts the window or door. If one of the face 
orientations equals the window orientation, the window 

orientation based on the normal vector is true. If not, the 
algorithm sets the window or door orientation equal to the 
orientation of exterior face of the window host. A 
drawback from this is that angles due to window placed 
obliquely in the window hole of the wall is ignored. Revit 
does not provide a tilt angle but the new application 
calculates it based on the normal vector of the window or 
door exterior face. 

Shadow effects 
The depth of an offset of a window or door in a 
construction generates a shadow effect on the window. 
Both Be15 and ICEbear calculates this shadow effect 
using the depth of the window offset shown in figure 5 
as input. This depth can be calculated by P multiplied 
with the cosine of α. 
 

 
Figure 5: Depth of window offset generates a shadow 

effect on the window. 
 

Be15 also needs the shadow angles illustrated in figure 
6. The local shadow angles in figure 6 (left and centre) 
are found using ray projection starting from a vertical 
position and then moving towards the window/door 
normal vector in 5° steps. A shadow angle for overhang, 
left and right side fins, respectively, are registered if the 
ray does not hit another element in the model. The 
shadow angle of an opposite building (figure 6, right) is 
calculated using the same method but starting from the 
normal vector of the window/door and then moving 
upwards towards vertical. 
 

 
Figure 6: Shadow angles needed for Be15 calculation. 
Left: Overhang. Centre: Leg and right side fin. Right: 

Horizontal angle to opposite buildings. 
 

The same ray projection technique is also used in the 
identification of corner point coordinates of shading 
elements that is needed for defining shading effects in 
ICEbear. 

Room geometry 
ICEbear is able to simulate the hourly thermal 
performance of a room or building zone. The Revit API 
has a method that extracts and lists all surfaces belonging 
to a room selected by the user. The aforementioned 
methods for calculating areas according to DS 418 can 
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then be deployed for the areas belonging to the room. A 
special input needed for ICEbear simulations is the 
internal volume of the room/zone to calculate the amount 
of ventilation. The net floor area can be extracted directly 
from Revit whereas the room height must be calculated 
using a ray projection technique to exclude suspended 
ceilings and take any sloping ceilings into consideration. 

Additional inputs 
A Be15 calculation and an ICEbear simulation needs a 
range of input besides geometry (U-values, ventilation 
rates, internal loads, etc.). These input are added in the 
respective tools – not the new application; it only deals 
with geometry.  
However, the new application has optional function 
concerning the energy properties of windows for Be15 
calculations. For each window, Be15 needs the gross area, 
total U-value, glazing fraction, and glazing g-value. 
However, the total U-value is a function of the geometry 
of the window. The building designer must therefore 
update the total U-value in Be15 whenever window areas 
are changed in the Revit model. To avoid this, the user 
may provide the declared glazing U-value and g-value, 
frame U-value, and Ψ-value of the glazing spacer profile 
as inputs in the new application which then will return the 
total window U-value automatically to Be15 together with 
the geometry inputs. Another optional function is the 
ability of the user to define U-values of constructions 
directly in the application that is the transferred to Be15 
together with the geometry data. 

Results 
The reliability of the new application in terms of 
extracting wall geometry was tested by applying it to a 
Revit model of the floor plan depicted in figure 3 (right) 
assuming a sloping roof with an average room height of 
4.25 m. The floor plan have several geometrical 
challenges in terms of identifying the correct wall area, 
and is thus considered a stress test of the new application. 
The output of the new application was then compared 
with the standard Revit measurements as well as manual 
measurements of area and length measurements 

according to DS 418. Another test case was used to 
demonstrate the functionality of the new application and 
how its user interfaces links to Be15 and ICEbear. The 
following sections provides results from the test cases. 

Stress test 
The results from the stress test are listed in table 1. There 
were only little difference between the area measurements 
of the new application and manual measurements. There 
were no differences in the measurement of the perimeter. 
The deviation between the output from the new 
application and the standard output from Revit is, 
however, significant. 
 

Table 1: Area and perimeter measurements 
 

Geometry New app Manual Revit 
Wall area 146.7 m2 146.2 m2 129 m2 

Wall perimeter 34.5 m 34.5 m 35.7 m 
 

Functionality of new application 
Once the new application is installed, a new menu in the 
Revit ribbon appears containing the icons shown in figure 
7. 
 

 
Figure 7: Icons in the new menu in Revit. 

 

The model calibration icon contains a range of features. 
First is model calibration where the user can make use of 
the helper functions for constructions and windows 
described in the method section of this paper to ensure that 
they are defined appropriately as input for Be15 and 
ICEbear. The example shown in figure 8 features the 
calibration of exterior walls.  
 

 

 

 
Figure 8: Interface for model calibration, exterior walls. Only “Generic” is “exterior wall” after calibration.
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The list to the left contains all the Revit wall elements of 
the model. The elements with a tick mark next to them are 
the elements with type parameter function set to Exterior. 
However, the element named “Generic – 140mm 
masonry” is in fact an internal partition wall (marked with 
blue to the right in figure 8). Pressing the button 
“Calibrate” between the two lists triggers the helper 
function regarding walls described in the method section. 
The result is the list to the right were the new application 
suggests which elements that in fact are exterior walls; 
only the element “Exterior – Brick on Mtl. Stud” is 
suggested by the new application to be an exterior wall. 
The user can accept this by pressing “Set”. Calibration of 
window orientation is also made in this manner. 
Another feature in model calibration is a user interface for 
providing the energy properties of the constructions and 
windows as explained in the method section of this paper, 
see figure 9 for example. This information can also be 
added to the Revit element using the “Insert properties” 
feature in the Model calibration icon, see figure 10 for 
example. This function may be convenient to carry over 
information to other calculation programs and tender 
documents. 
 

 
Figure 9: Interface, energy properties of windows.  

 

The final feature of the Model calibration enables the user 
to disregard Revit elements to avoid that they become a 
part of the heat transmission calculations. Figure 11 
illustrates an example where the elements of a 
neighbouring building (right, marked with blue) is put on 
the disregard list. However, the building will still be 
regarded as a shadowing element to the windows of the 
main building model. 
The next icons in figure 7 extracts geometry data fulfilling 
DS 418 to Excel. The data extraction can be for the 
building as a whole or for a user-selected room.  
The final icons in figure 7 links the geometrical data to 
ICEbear and Be15, respectively. The ICEbear icon opens 
up the dialogue box shown in figure 12. Here, the user can 
choose freely which room or zone geometry to export to 
ICEbear in a dropdown menu, or use the added 
functionalities to identify rooms most critical in terms of 
risk for overheating. The user-defined indicators for this 
are room façade orientation, window-to-floor ratio, and 
shading effects. 
 

 
Figure 10: User-defined energy properties transferred 

from the new application to a Revit window type 
(“Data” in the bottom of the figure). 

 

 
Figure 11: Disregarding the blue building elements as 

heat transmission areas. 
 

 
 Figure 12: Link between Revit and ICEbear. 

 

Pressing the button “Run ICEbear” in figure 12 opens 
ICEbear on top of Revit with geometrical data for the 
room already imported, see figure 13. Pressing 
“Simulate” in ICEbear will execute an hourly thermal 
simulation which is finished within 1-5 seconds 
(depending on the number of shadow elements) and 
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provide the user with various forms of data 
representations for performance evaluation, see figure 14 
for examples.  
The Be15 icon opens the dialogue shown in figure 15. The 
user needs to load a Be15 template file by pressing the 
picture in the icon. This template may contain any 
information. Pressing the button “Transfer building” will 
export geometry data and window U-value (if defined be 
user) directly to the loaded Be15 template. The user can 
then press “Open Be15” to assess the data and Be18 
calculation, see figure 16. 
  

 
Figure 13: Revit geometry data exported to ICEbear.  

    

 
Figure 14: Results from thermal simulations using 

ICEbear.  
 

 

 
Figure 15: Link between Revit and Be15. 

 

 
Figure 16: Revit data exported to Be15 (windows used 

as example). 

Discussion 
Working with several different Revit models during the 
development of the new application has indicated that it 
is very difficult to develop an application that 
encompasses all the different ways that Revit users may 
build up a model. We have implemented a range of error 
messages asking the user to modify the Revit model in 
certain ways to make the new application work. However, 
the modeller needs to follow a certain minimum code of 
conduct that for the new application to work as intended:   

• Define the function of element correct in Revit. 
The new application currently only has a helper 
function for this for identification of exterior 
walls. 

• Set the orientation of all exterior walls to face 
outside.  

• Do not use Edit Profile for walls. 
• Do not move Revit families into a new element. 

It is noted that this code of conduct may not be exhaustive 
for the current version of the application as other models 
may reveal new issues.  
The new application is also able to extract curtain wall 
geometry from Revit according to DS 418. This is, 
however, a complicated process not suitable for 
disseminating in paper form. 
Even though the new application is designed to fulfil 
Danish standards, it may also be useful for the building 
industry in other countries as geometry data can be 
extracted to Excel and manipulated from here for many 
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purposes, e.g. tender documents or energy calculations in 
third party tools. 

Conclusion 
This paper presents a plug-in to Revit that is able to 
transform Revit data into geometry data that fulfils the 
rules of the Danish implementation of EPBD. The plug-
in is also able to export this data directly to third party 
building performance simulation (BPS) tools; Be15 
which is mandatory for documenting EPBD compliance, 
and ICEbear for more sophisticated dynamic thermal 
simulations. 
Performance tests presented in the paper indicates that the 
plug-in is reliable in terms of extracting the geometry data 
and passing it to the BPS tools. As such, the plug-in 
enables thermal performance evaluations for decision 
support and Danish building code compliance to be 
executed directly from REVIT, i.e. without the need for 
time-consuming parallel modelling. 
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