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ABSTRACT 
Building retrofit analysis in Switzerland traditionally 
relies on expert heuristics and best practices. These 
processes are not often supplemented by data or model-
driven techniques that would enhance the accuracy and 
ability to quantify the impact of innovative 
technologies. We present a process of calibrated 
building energy model (BEM) analysis of a case study 
using a building information model (BIM) and 
measured data from a custom wireless sensor network. 
The case study is a mixed-use office and residential 
historically listed building in Zürich, Switzerland. A 
BIM model was first developed in Autodesk Revit and 
then extracted to an EnergyPlus model through the 
Design Performance Viewer (DPV) toolkit. This toolkit 
uses the RevitPythonShell (RPS) plug-in to convert the 
BIM data model to a geometric representation for 
EnergyPlus. This model was further developed using 
the OpenStudio modeling suite and collected sensor 
data was used for calibration. The geometry translation 
process from BIM to BEM included many difficult 
challenges with respect to zone creation and model 
simplification. The calibration process was 
implemented on various façade and heating system 
retrofit options. A scenario was chosen for the project 
that has a predicted energy savings of 32%. Other 
results of this calibration and lessons learned regarding 
model development and translation to EnergyPlus are 
discussed.  

INTRODUCTION 
Retrofitting of the existing stock is considered one of 
the most important means of improving the energy 
performance of commercial and residential buildings 
worldwide. A study of standard refurbishment of 
residential buildings in several European countries 
predicted energy savings of over 45% in many cases 
(Becchio et al. 2012).  In the United States, a market 
research study found that more than $1 trillion in 
energy savings could be achieved over the next 10 

years by upgrading and replacing energy-consuming 
equipment in buildings (Fulton & Grady 2012). Despite 
the benefits, in Switzerland, the retrofitting rate is only 
about 1-2% (Ott 2013; Jakob & Eberhard 2004). 
Additionally, there are many historically listed 
buildings that are a specific challenge due to their 
unique requirements to protect historical integrity and 
cultural value.  

A common objective of the retrofit analysis process is 
the development of a whole building energy simulation 
model to simulate and test the retrofit scenarios with a 
calibrated baseline model. We demonstrate 
implementation of this particular process on an actual 
historically listed case study that is in the midst of a 
retrofit evaluation process. This paper discusses a novel 
model creation methodology, the iterative process of 
calibration, and an overview of the simulated scenario 
results. A special emphasis on the geometry translation 
process from BIM to BEM is included. This process 
was developed as part of a larger project entitled “Risk-
based Retrofits” and that is focused on historical 
buildings. This paper is an extension of a journal paper 
titled “Balancing Envelope and Heating System 
Parameters for Zero Emissions Retrofit using Building 
Sensor Data” (Nagy et al. 2014). It should be noted that 
the focus of the overall risk evaluation component of 
the project is more qualitative from a historical 
perspective as opposed to other projects that seek to 
quantify risk and uncertainty more explicitly (Heo et al. 
2013). 

Case Study: Florastrasse 54 Mixed-use Building 
The case study evaluated is a 330 square meter mixed-
use commercial office building with residential 
apartments in the upper levels. It is located in Zürich, 
Switzerland, was built in 1875, and has been partially 
renovated 9 times over the years. As this situation is 
very common, retrofits up to now were rather a 
patchwork of singular measures and did not consider 
the entire building. In this climate, heating energy 
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consumption is a prominent load and thus a key target 
for energy savings when considering replacing outdated 
or underperforming equipment. This building has a 
hydronic heating system that includes a fuel-oil burning 
heater.  

BUILDING ENERGY MODEL (BEM) 
DEVELOPMENT 
The building energy modeling calibration process for 
retrofit analysis is a common contemporary approach 
for testing various considered scenario retrofit options. 
The objectives of model development and calibration 
are well defined in industry standards such as ASHRAE 
Guideline 14 (ASHRAE 2002) and the International 
Performance Measurement and Verification Protocol 
(IPMVP) (EVO 2009). This section specifically 
addresses the issues encountered in this project related 
to capturing many of the simulation inputs from a 
developed BIM file. 

The case study was initially modeled in RevitTM, a 
popular BIM software developed by AutodeskTM. This 
model was based upon construction documentation 
from various previous retrofits. Figure 1 illustrates the 
completed version of this model.  

BIM to BEM Conversion 

A key goal of this process was the intent to utilize the 
encapsulated information from the Revit model for the 
creation of an input data file, or IDF, for the EnergyPlus 

simulation program. EnergyPlus is a simulation engine 
developed by the United States Department of Energy 
since 1999 as a next-generation, dynamic engine that 
combines the building physics models and techniques 
from many previous simulation engines (Lawrie et al. 
2001).  

Conventionally accessing the data contained in BIM 
models for building energy simulation interoperability 
has relied on data formats such as gbXML and industry 
foundation class (IFC) files to exchange data between 
programs. Users of these methods using often have 
little control over how they are created or loaded 
therefore limiting the extractable data and constraining 
interoperability. We utilized an alternate method to 
automatically extract information from the BIM model, 
the RevitPythonShell and the Design Performance 
Viewer (DPV) plugins (Thomas 2013). They were 
created as a direct means of performing more flexible 
and comprehensive extractions of data from two of the 
most popular BIM tools available: Revit and VasariTM. 
The RevitPythonShell (RPS) plugin exposes the 
application-programming interface (API) in these 
programs to scripts written in the popular Python 
programming language. This access allows users to 
develop simple scripts that can create, manipulate, and 
export objects or attributes in these BIM programs. The 
DPV toolkit utilizes the RevitPythonShell to access the 
data model within Revit to create an EnergyPlus IDF 
file, which is then used to calculate the basic 
energy/exergy loads of the BIM model. 

 

 
 

Figure 1 BIM of the case study in Revit 
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This process is all completed within the BIM 
environment and can be used as a seamless part of the 
design process within that environment. Figure 2 shows 
a schematic diagram of the components and steps 
involved in the DPV toolkit. The tool has been 
implemented on several case studies and has gone 
through various iterations of development (Schlueter & 
Thesseling 2009). 

For this case study, instead of modeling and simulating 
the building completely only using the DPV, we wanted 
to export the IDF file for use within other EnergyPlus 
modeling environments. This process begins with 
translation of surfaces and zones from the BIM 
program. Unless specified otherwise, all building 
surfaces belong to the default zone within the DPV 
toolkit. This feature allows for single zone simulations 
at early design stages. As the design progresses, more 
accurate simulations require a partitioning of the 
surfaces into multiple zones. To facilitate this process, 
the concept of zone boxes was used. A zone box is a 
three dimensional component that can be placed inside 
the building geometry in the BIM model and represents 
a zone or part of a zone. The user can specify which 

zone is represented by a given zone box in its 
parameters. A RPS script, Set Zones by Zone Box, visits 
each zone box in the model and updates the zone 
affiliation of building surfaces in its vicinity. The script 
casts rays from the center of the zone box in all 
directions and updates the zone affiliation of the first 
surface hit by each ray. Figure 3 illustrates this process 
in a two dimensional plane. 

A building surface’s zone affiliation is stored in a 
parameter field in the BIM. This feature allows the 
designer to also manually change this attribute after 
running the RPS script. The RPS script can identify 
manually updated affiliations if the user follows the 
convention of prepending an exclamation point to the 
zone parameter of a building surface and thus the script 
will not overwrite these definitions in subsequent runs. 
A building surface has at least one zone affiliation – the 
default zone. There is no upper limit to the amount of 
zone affiliations a building surface may have in the 
BIM modeler and in the internal performance model. 

Before serializing the internal performance model to 
IDF for simulation, special care has to be taken to

 

 
 

Figure 2 DPV toolkit for extracting BIM data to create BEM 
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Figure 3 Steps of automatic detection of zones within BIM model: a) open space is detected, b) a zone box is 
inserted in the space and c) a RPS script using ray tracing to select surfaces to create EnergyPlus zone 

 
ensure that each building surface is affiliated with at 
most two zones; due to the way EnergyPlus handles 
geometry. This feature requires splitting up surfaces 
into sub-surfaces with at most two affiliated zones. The 
DPV includes an algorithm that does this process for 
most cases, based on the zone affiliations of wall 
intersections and polygon clipping of floor sub-
surfaces. 

The DPV/RPS process had a few key challenges that 
needed to be manually fine tuned after the extraction 
process, as the geometry model initially produced had 
some peculiarities that interfered with the IDF file 
creation. A major complication was the slanted roofs 
being edge cases of the zone splitting algorithm and 
therefore forming incorrect geometry. The fine-tuning 
process was accomplished by loading the IDF into the 
OpenStudio toolkit for further development. The 

OpenStudio toolkit is an EnergyPlus graphical user 
interface (National Renewable Energy Laboratory 
2012). A cleaned geometry model of the case study in 
OpenStudio is seen in Figure 4 along side the wire 
frame output of the DPV showing the surfaces created 
in that process.  

The inputs for the mechanical systems, materials, and 
other simulation settings were generated and 
customized with EnergyPlus macro language templates 
that auto-created the final IDF file based on the desired 
parametric changes. This systems modeling process 
incorporated models of low exergy (LowEx) 
components such as low-lift heat pumps and radiant 
heating systems. The method implemented in this case 
study closely followed the processes outlined in a 
similar project (Hersberger & Sagerschnig 2013).

 

 

   
 

Figure 4 Screenshot of WireFrameViewer of EnergyPlus surfaces created by DPV (left) and the manually improved 
EnergyPlus geometry model in the OpenStudio/Sketchup interface (right) 
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MODEL CALIBRATION AND ANALYSIS 
The goal of the calibration process was to reconcile the 
EnergyPlus model with the measured data from the 
installed wireless sensor system and heating 
measurements made at the system level. This process 
consists of adjusting different parameters according to 
actual operation of the building in order to replicate its 
current performance and predict as closely as possible 
its energy consumption or thermal behavior under 
different conditions. In this project, a manual, evidence-
based iterative calibration technique was used to 
compare measured and simulated data.  This approach 
is the most common in mainstream commercial 

implementations and has been documented in previous 
case studies and literature (Raftery et al. 2011; Reddy et 
al. 2007). 

Measured Data 
A low-cost, wireless sensor network has been installed 
as part of the project to collect various air and system 
measurements. These sensors were set up on the 
building’s main heating boiler and at different time 
periods during the winter heating season, from January 
30 - March 5, 2013. The data collected during this 
period can be seen in Figure 5. 

 

 

Figure 5 Measured heating system data 

 
 

Figure 6 Measured zone air temperatures from wireless sensor system
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The zone temperature measurements were especially 
applicable to calibration to ensure that the heating 
system was maintaining a similar air temperature in the 
space. Figure 6 illustrates these measured data points. 

Calibration Iterations 

The measured data were used in the calibration of the 
model in order to accurately capture the building’s 
actual operation. For that reason, a customized weather 
file was created with meteorological data provided by 
the Meteoswiss weather service (Federal Office of 
Meteorology and Climatology 2012). Calibration of the 
model was based on the heating energy data recorded.  

In iteration #1, the building was simulated with the 
idealized air-based HVAC system (ideal loads) but the 
energy consumption was far from the measured data. 
Next in iteration #2, convectors were added in order to 
simulate the building systems with a zone air 
temperature set point of 20 ºC. The next improvement 
in iteration #3 consisted of an outside-air based heating 
system supply temperature (heating curve) and with 
night setback to mimic the actual operation of the 
building. Further, as the average air temperatures of the 
measured offices were usually higher than 20 °C during 
the measurement period, zone air temperature set point 
was set back to 22 ºC in the 4th iteration.  
Two common statistical metrics were utilized in the 
calibration of the model. These values are the NMBE 
(Normalized Mean Bias Error) and CVRSE 
(Coefficient of Variation of the Root Mean Square 

Error) and they should be less than ±10 % and ±30 %, 
respectively when using hourly data (EVO 2009). 
Figure 7 illustrates a temporal data comparison between 
measured and simulated data for each of the calibration 
iterations. The heating energy metrics of iteration 4 
were within range of the acceptability and therefore it 
was used as the baseline for the retrofit scenario 
calculations. By the second iteration the simulation was 
already within the threshold of the metrics for heating 
consumption. However, the operation of the heating 
was not similar to actual installed control. Therefore, 
monitoring as many variables as possible from the 
actual behavior of the building proved essential to 
simulate the building according to its operation and 
estimate accurately the potential savings by retrofitting.  

Retrofit Analysis 
After calibration, various retrofit options were tested. 
Table 1 gives an overview of each of the options 
simulated while Figure 8 illustrates the monthly 
breakdown of heating energy amongst the options. A 
detailed explanation of each general option is as 
follows: 
 

• Window replacement - All the windows except 
the ones of the attic and cellar (renovated in 
2009 and 2005 respectively) are to be replaced 
by new ones with an overall U value of 0.8 
and solar heat gain coefficient of 0.45 

 
Table 1 Retrofit scenarios (adapted from Nagy et al. 2014) 

 

RETROFIT OPTION DESCRIPTION ENERGY 
SAVINGS 

Retrofit only Windows Replacement of the windows according to the actual retrofit 12 % 
Retrofit only Plaster Insulation of external wall with 4 cm of insulation plaster in 

North and East façades and 6 cm in South facade 
17 % 

Retrofit only Aerogel Insulation of external wall with 5 cm of aerogel insulation 
in all façades 

46 % 

Retrofit only Ceiling Insulation of the ceiling of the cellar and the heating room 
in the basement with 10 cm of fiberboard 

1 % 

Retrofit only 
Airtightness Medium 

Improvement of the airtightness of the building to medium 2 % 

Retrofit only 
Airtightness High 

Improvement of the airtightness of the building to high 6 % 

Retrofit1- Current 
retrofit scenario 

Includes the windows replacement, the plaster and ceiling 
insulation and an improvement in the air tightness to 
medium 

32 % 

Retrofit2 Includes the windows replacement, the aerogel and ceiling 
insulation and an improvement in the air tightness 

60 % 
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Figure 7 Measured vs. simulated heating consumption 

 

 
Figure 8 Monthly retrofit heating energy simulation comparisons

 
• Façade insulation - An insulating plaster 

(conductivity of 0.08 W/m*K) applied on the 
exterior façade with different thickness 
depending on orientation (6 cm in South 
façade and 4 cm in North and East). Aerogel 
insulation is a new type of façade insulation 
that was considered as well. 

•  Cellar ceiling insulation - Installation of 10 cm 
of fiberboard (conductivity of 0.039 W/m*K) 
under the slab separating the unheated cellar to 
the ground floor. 

 
The insulation of the exterior façade resulted in greater 
energy savings than any of the other measures studied. 
For this reason, the choices of a material with a lower 
thermal conductivity produced a considerable 
improvement of the energy savings achieved. The 
scenarios “Retrofit only Plaster” and “Retrofit only 
Aerogel” showed this improvement with conductivity 
of the insulation of 0.08 W/m*K and 0.028 W/m*K 
respectively. The ultimate retrofit scenario decision was 
made by the building owner to implement the Retrofit 
#1 based on the cost-effectiveness.  
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CONCLUSIONS 
This paper illustrates a novel process of information 
extraction from Building Information Model (BIM) to 
Building Energy Model (BEM) using the Design 
Performance Viewer (DPV) and the RevitPythonShell  
(RPS). This geometry was then further developed and 
utilized as part of a calibrated model retrofit process. 
Various scenarios were implemented in this model 
resulting in up to 60% heating energy reduction as 
compared to the baseline. Future work on this process 
will seek to improve the robustness of the data transfer 
from BIM to BEM in an attempt to further automate the 
baseline model creation process.  
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