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not fully support all functionalities of EnergyPlus. It mainly implements “compact” 
HVAC definitions that provide simple and compact definitions of HVAC systems, but do 
not include detailed information about the components and their topology. The 
component-based definitions are one of the major strengths of EnergyPlus, because they 
provide the user with flexibility in modeling. The inability to import EnergyPlus input 
files (discussed above) limits the utility of the program and forces the user to recreate a 
3D geometry model for energy analysis.  
 

4.4. IDF Generator 
 

The IDF Generator, a new tool in development by LBNL, works in conjunction 
with the Geometry Simplification Tool (GST). The latter tool is jointly developed by 
Graphisoft and LBNL. Its current version (a pre alpha release) is still being tested. 

GST simplifies the original building geometry defined in IFC format and converts 
it into gbXML format. The original building geometry is defined by the architect; GST 
performs the simplification automatically (i.e. without user intervention) according to the 
built-in rules of data transformation. Thus GST provides a crucial service in converting 
the geometry of the architects’ view of the building into the geometry of the thermal view 
of the same building. The built-in data transformation rules assure that, given the same 
original building geometry (defined in the IFC file), the simplified building geometry 
imported into EnergyPlus (and into any other simulation tool capable of importing data 
from GST) will be correct and the same in every repeated instance (Bazjanac and 
Kiviniemi 2007). Additional rules, planned for future versions, will enable automatic 
extension of building construction definitions (that originate in model based CAD tools) 
with associated thermodynamic properties, automatic definition of exterior shading 
components’ geometry, and the definition of embedded and free-standing columns. 
Embedded columns will be treated as wall objects; the user will be able to specify when 
to ignore the free-standing columns, when to add their volume to the thermal mass of the 
building, or when to convert them into wall objects with the corresponding geometry. 

The IDF generator (currently an early prototype) provides a simple user interface 
to run GST, and converts the data in the gbXML file into EnergyPlus Input Data Format 
(IDF). The resulting IDF file contains all information related to building geometry and 
constructions needed to run an EnergyPlus simulation. The IDF file does not include any 
HVAC definitions - these are the focus of a separate interface, the IFC HVAC Interface 
to EnergyPlus.  

 

4.5. IFC HVAC Interface to EnergyPlus 
 

EnergyPlus can also exchange HVAC data through its IFC HVAC Interface. This 
interface is the first IFC HVAC interface capable of reading and writing complete HVAC 
systems from and to an IFC file (Bazjanac and Maile 2003). The data flow of both IFC 
Interfaces to EnergyPlus is shown in Figure 18. The IFC HVAC Interface enables 
conversion of HVAC information from IFC to EnergyPlus format and vise versa. All 
information EnergyPlus uses to define HVAC systems is covered by the interface. Its 
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effective use today is limited to populating the IFC file that contains building geometry 
with HVAC definitions originally defined in IDF format. As soon as HVAC design tools 
develop their IFC interfaces (that will allow them to populate IFC files directly), one will 
be able to import most of the HVAC input data for EnergyPlus directly from IFC files 
using the IFC HVAC Interface. The manual creation of HVAC systems and components 
for EnergyPlus will then be replaced by their automatic conversion from IFC format to 
EnergyPlus input.  

 

 
Figure 18: Dataflow of the IFC interfaces 

 
The IFC HVAC Interface supports EnergyPlus versions 1.1.0 to 1.3.0 and is 

compatible with the IFC 2x2 format, and is expected to be updated for version 
EnergyPlus version 2.0. Since EnergyPlus does not use 3D geometry of HVAC 
components, the interface deals only with the topology of HVAC systems, the hierarchy 
of HVAC loops and the relevant parameters of HVAC components. It also provides two 
different options for the conversion of an IFC file into IDF format: a topology-based and 
a hierarchy-based conversion. The former conversion identifies loop-specific components 
and follows the connections between components to gather all necessary information 
about the related loop. The hierarchy-based conversion uses the hierarchy of systems and 
loops to find the related data that are needed for each system. The interface has been 
tested with over 200 EnergyPlus example files.  

Two prototype tools have been developed at LBNL to demonstrate the benefits of 
data sharing and exchange of HVAC data from EnergyPlus: the Functional Test Analyzer 
for fault detection and diagnostics (Xu et al. 2005) and SMIET (the Static Maintenance 
Information Exchange Tool) for facilities management. The former tool, called 
IFCtoFDD, is based on the IFC HVAC Interface to EnergyPlus and enables the import of 
HVAC component parameters from IFC into the format of the Functional Test Analyzer. 
Currently, four types of components are supported by the Functional Test Analyzer and, 
therefore, by the IFCtoFDD tool: cooling coil, heating coil, mixing box, and fan 
subsystem. 
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SMIET stands for Static Maintenance Information Exchange Tool. This tool 
imports HVAC data in IFC format into an object oriented database and provides a web 
user interface to view, edit, and add parameters to HVAC components; thus it is a partial 
IFC BIM authoring tool. SMIET was developed for the Region 9 office of the GSA (U.S. 
General Service Administration) to define and store equipment data related to facility 
management. Its major benefit is the structured nature of IFC data that enables the 
coordinated display of information and allows the user to view HVAC components on 
any available system level. Based on an IFC file created with the IFC HVAC Interface to 
EnergyPlus, SMIET establishes the initial hierarchy of HVAC components and provides 
the mechanism to fill the database with available component parameters. Additional 
component parameters can be added to the database through the SMIET web interface. 
SMIET can update changed or added parameters in the IFC file for use by other 
applications. Adding new HVAC components is possible, but due to the complex 
topology of HVAC systems and requirements of object oriented databases that the 
definition of add-on objects cannot always meet, these components are only saved in the 
database and cannot be exported into an IFC file. The tool also includes parameter 
definitions that are useful for facility management, such as the exact location of 
components. It generates and displays equipment lists and parameters of equipment 
needed in management of a facility, and makes it possible to regularly update them so 
that valid and up-to-date information about the building equipment is readily available.  
SMIET was developed as an R&D project at the Lawrence Berkeley National Laboratory 
and is currently in beta status; its further development will depend on future funding. 
 

4.6. GBS’s generation of EnergyPlus input files 
 
As shown in Figure 13 Green Building Studio can also create an EnergyPlus input 

file. The resulting DXF screenshot of the test model after running EnergyPlus is shown in 
Figure 19.  

The problems from visually comparing this figure with the original figure of the 
CAD model (Figure 1) are very similar to the import into eQUEST through gbXML. 
These are: incorrect shading surfaces (see I in Fig. 19), missing walls (see II in Fig. 19) 
and incorrect wall types between single floor spaces and multiple floor space (see III in 
Fig. 19). In addition this model reports various errors and warnings within EnergyPlus, 
such as wrong combination of materials for windows and less than six surfaces for 
spaces.  
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Figure 19: 3D-view of the example building when building geometry was imported into 

EnergyPlus via Green Building Studio 
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5. Summary and comparison of tool capabilities 
 

The following figure and two tables aim to provide an overview and summary of 
the capabilities of the engines and tools discussed in this paper. Figure 20 summarizes the 
data exchange capabilities that are described in this paper. Based on CAD geometry, 
various possibilities exists to convert and import geometry data into thermal simulation 
tools. Tool capabilities and limitations, described above, are summarized in Table 2. 

 

 
Figure 20: Overview of geometry data exchange 

 
Table 1 shows the major functionalities and differences between DOE-2 and EnergyPlus.   
 

Table 1: Comparison of functionalities between DOE-2 and EnergyPlus 
Functionality \ Tools DOE-2 EnergyPlus 

1) Space load calculation 
method 

Weight factor method Heat-balanced-based approach 

2) Complexity of geometry Simplified geometry (1-D heat 
transfer) 

Simplified 3-D geometry (1-D 
heat transfer) 

3) Loads and systems 
connectivity 

No feedback from system 
module 

Integrated loads and systems 
simulation 

4) HVAC System definitions Predefined system definitions 
 

Flexible component based 
HVAC systems 

5) HVAC Controls Simplified representation of 
controls 

More flexible HVAC system 
controls 

6) User-specific additions User definable  functions 
Limited code entry points  

Link to SPARK (user definable 
SPARK components) 

7) “New” HVAC technologies No true under floor air 
distribution systems 

No detailed natural ventilation 
models 

Moisture absorption and  
desorption 

Solar components 
Natural ventilation 
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Inter-zonal airflow (under floor 
air and displacement 
ventilation) 

8) Interoperability No data exchange capabilities Data exchange via IFC and 
gbXML 

9) Interconnectivity to other 
tools 

None Links to COMIS and SPARK 

10) Automated sizing Limited sizing based on design 
days 

Automated sizing of many 
component-specific parameters 
based on design days 

11) Software technologies Engine based on text file input 
and output 

Engine based on text file input 
and output  

Modular approach 
12) Time stamp Fixed 

1 hour 
Dynamic HVAC time step 
Minimum: 1 minute  
Maximum: 1 hour 

13) Others Not explicitly representation of the actual HVAC control process 
No change of HVAC component performance over time 

 
Table 2 shows functionalities and comparisons between the five described user interfaces 
to EnergyPlus and DOE-2 engines.  
 

Table 2: Comparison of functionality of RIUSKA, eQUEST, DesignBuilder, IDF 
Generator and IFC HVAC Interface 

Functionality / 
Tools 

RIUSKA eQUEST DesignBuilder IDF Generator/ 
IFC HVAC 
Interface 

1) Engine DOE-2.1E 
 

DOE-2.2 EnergyPlus EnergyPlus 

2) Weather file 
format 

BIN BIN EPW Not applicable 

3) HVAC systems Only four different 
types (with 
limited 
parameters) 

No PLANT, No 
ECONOMICS 

All DOE-2 
systems 

Only basic and 
compact HVAC 
systems 

Supports all 
HVAC systems 
and plant 
components 
(with a few 
exceptions) 

4) Interoperability/ 
data exchange 

IFC through 
BSPro-Server 

(building 
geometry) 

DXF import (one 
footprint only) 

gbXML data 
exchange (via 
inp file import) 

DXF import 
(multiple 
footprints) 

No import of IDF 
files 

IFC to IDF 
conversion for 
geometry and 
HVAC data 
and schedules 

IDF to IFC 
conversion for 
HVAC data 
and schedules 

5) Features Supports different 
design 
alternatives 

Supports different 
design 
alternatives  

Input wizards 
Title 24 

conformance 
analysis 

Country or region 
specific 
templates 

Help window 
(direct help 
information) 

Not applicable 

6) Auto sizing No DOE-2 design Uses DOE-2 Uses EnergyPlus Not applicable 
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day sizing 
Basic sizing 

capabilities 

design day 
sizing 
capabilities 

design day 
sizing 
calculations 

7) Data exchange 
problems 

Floor based IFC 
import (multiple 
story spaces) 

Internal/external 
walls/slabs 

No plenums 
available 

For gbXML: 
Incorrect shading 

surfaces  
Missing walls 
Internal/external 

walls 

Not applicable To be determined 

 

6. Recommendations 
 

We recommend the following research, development and implementation follow 
up work related to energy simulation tools which resulted from our experience with 

• Using the described tools on a variety of projects 
o Several projects with RIUSKA at Olof Granlund Oy 
o The Santa Rosa Federal Building (EnergyPlus) 
o The new San Diego Federal Courthouse (EnergyPlus) 
o The new San Francisco Federal Office Building (EnergyPlus) 
o The Global Ecology Center at Stanford University (DOE-2, 

EnergyPlus) 
• Teaching in the Building Systems class at Stanford University 
• Developing and implementing 

o The GST middleware 
o The IDF Generator 
o The IFC HVAC Interface to EnergyPlus 
o The IFCtoFDD interface 
o The SMIET tool  

In general, data exchange needs to become more reliable and less error prone so 
that practitioners can integrate these tools more smoothly into practice. Software tools 
need become more user-friendly, more capable, more robust and better documented. 
Simulation engines need to become more capable, more robust, and more up-to-date with 
current computer science technology and new HVAC system types.   

 

6.1. Recommendations for practitioners 
 

The used example building shows that data exchange to and from energy 
simulation tools is still not reliable enough to be consistently used in real-world projects. 
Thus we recommend that practitioners demand working data exchange solutions and 
engage in the research and development process. 
 
• Demand for working data exchange solutions 

As demonstrated through the example building, inconsistencies that occur in 
data exchange between the different applications and in data exchanged are time 
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consuming to find and correct. These limit the theoretically possible benefits from 
the involved commercial applications. Simplification of true building geometry for 
building energy performance simulation is mandatory for meaningful simulation. 
This regularly leads to the need to recreate the building thermal view geometry 
from the more complex architectural view geometry. The increasing demand from 
practitioners and building owners for working building geometry exchange 
solutions is likely to improve the reliability of data exchange and enable successful 
geometry data transfer. Thus, practitioners should stress the need of solutions based 
on BIM to encourage software vendors and researchers to improve such solutions. 
A functional and reliable data exchange from model based CAD to energy 
simulation will reduce data inconsistencies and increase the number of projects 
where energy simulation can be productively used and produce reliable results.  
 

 
Figure 21: Ideal workflow for energy performance simulation tools 

 
The ideal workflow for energy performance simulation tools is illustrated in 

Figure 21. The first step is to define the location of the building that provides a link 
to weather data. The second step will ideally provide information through importing 
data from a BIM. This information should entail the needed 3D geometry 
information, construction and materials definitions, and space types that typically 
defined by the architect. As discussed previously, simplification of geometry needs 
to comply with the geometry definition of the relevant energy performance 
simulation tool. Based on these geometry definitions, the user interface should 
enable the ability to aggregate spaces into zones (as well as subdivide spaces into 
zones). As the next step, space loads (such as lighting loads) should be assigned to 
the specific appropriate space types that have been imported via the BIM link. 
Before the simulation can be performed, HVAC systems and components will have 
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to be defined. This should either be done by manual user input or via semi-
automated import of HVAC information from the BIM. While the latter is 
obviously preferred, significant development, implementation and testing still need 
to be performed in order to enable HVAC related data import for energy simulation 
tools. Once all these data are defined one should be able to quickly (much quicker 
than currently) perform a simulation, given input of additional simulation specific 
parameters (such as numerical tolerances, start and end date of the simulation, etc.).  

 
• Communication with researchers and developers 

Practitioners should start or continue communication with researchers and 
software developers to get a better understanding of current limitations of software 
tools and their data exchange capabilities, and to gain access to and use of their 
expert knowledge and experience to successfully use such technologies. 
Furthermore, practitioners should commit to BIM and the development and spread 
of standards, test emerging technologies and provide their valuable insights to the 
R&D community to enable a continuous development and improvement of tools 
that support practical needs.  

 

6.2. Recommendations for researchers 
 
This paper illustrated the strengths and limitations of building energy performance 

simulation tools. We recommend that researchers focus on adding important and more 
advanced functionality to simulation engines, such as two- and three-dimensional heat 
transfer, event driven simulation architecture, and statistical methods for defining input 
parameters. They should enhance data exchange solutions with additional data and data 
set content, and with more reliable data conversion based on BIM. Especially, data 
sharing over networks, based on model servers, is a major area that needs exploration. 
Researches also need to work on integrating new advanced data exchange scenarios into 
today’s common practice to enable more technology benefits for the industry. Lastly, 
research to integrate energy simulation into commissioning and operations could 
dramatically improve the value of energy simulation. 

 
• Two- and three-dimensional heat transfer 

Researchers should enable two- and three-dimensional heat transfer in 
building energy performance simulation tools. The one-dimensional heat transfer 
assumption is inadequate, given possibilities today’s computer power and computer 
simulation technologies provide (for example, optimization of numerical algorithms 
or faster and better simulation environments). Furthermore, building geometry has 
become more complex, and two- and three-dimensional heat transfer is becoming 
more important to contemporary buildings.  

 
• Event driven simulation 

The architecture of all described energy simulation tools is based on fixed or 
variable time step simulation concept. While there has been improvement to more 
variable and smaller time steps, event driven simulation would eliminate 
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approximations that result from time steps that are longer than the characteristic 
time intervals of thermodynamic processes. Event driven simulations would need to 
perform change-of-status calculations only when changes in the building actually 
occur and would thus provide a more flexible methodology that can account for 
changes only when they occur. Thus it would be more flexible to adjust to different 
time characteristics of processes that usually cannot be reflected in time-step-based 
simulation.  

 
• Integration of statistical methods 

Researchers need to improve the current way of defining simulation input 
parameters such as internal loads. In practice these input values are based on 
building or energy codes or reflect the expected worst conditions; they typically do 
not reflect the actual usage of buildings. Statistical distributions of occupancy and 
other internal loads could enable more realistic models of building usage and 
provide a better basis for simulating annual energy consumption in buildings during 
their design.  

 
• More advanced data exchange based on BIM solutions 

Today, several data formats exist to exchange building related information 
between applications. While some limited solutions exist to exchange data among a 
small number of applications (such as CAD to energy simulation via DXF), 
researcher should focus on more sophisticated and thorough solutions such as BIM 
based approaches that account for data needs over all disciplines and life-cycle 
phases. The gbXML format provides functionality to exchange simplified building 
geometry and some limited HVAC information, but needs to be extended to allow 
data exchange of complete HVAC definitions and schedules. The IFC model 
intentionally contains more thorough definitions across all disciplines and life-cycle 
phases. However, for a reliable data exchange these definitions need to be 
implemented in software applications and thoroughly tested. In addition, model 
view definitions need to be developed that define at a parameter level how software 
vendors need to implement the IFC model. These view definitions are necessary to 
ensure successful data exchange based on the same implementation in all 
participating software. In particular, the HVAC domain for the IFC model needs 
such a view definition to provide the foundation for data exchange related to HVAC 
data. While current data import from model based CAD applications into energy 
simulation tools is limited to 3D geometry and objects types, additional information 
(such as construction materials thermodynamic properties) need to be included in 
the exchange process. Researches should participate in the definition of model 
views and implementer agreements to expedite the achieving of reliability and 
transparency in data exchange.  

 
• Implementation of model servers 

Researchers should also focus on the realization of model servers based on 
BIM, possibly as defined in the SABLE project (SABLE 2007). The current file-
based data-exchange process provides some benefits to the users, but can be 
cumbersome if design changes happen often. Model servers would be able to 
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support these changes, so that they can be easily transmitted to and updated in any 
relevant application. Model servers would also allow collaborative work on the 
same building project without major time delays between the party making the 
change and the party affected by it. Server-based BIMs also allow users the 
flexibility to access the data from anywhere, given an internet connection.  

 
• Changes to industry processes 

In conjunction with model server development, research needs to change 
and redefine current industry business processes. This change is necessary to 
leverage benefits from advanced data sharing over the internet. Especially, change 
management could benefit dramatically from BIM-based model servers, where 
changes can be implemented in real-time or close to real-time. Changes would 
become more transparent in any given BIM and could improve change-related 
communication between different industry disciplines. Model servers and their 
software need to support new emerging business processes in order to be adopted 
by the industry. When data exchange becomes more reliable and expedient, more 
timely feedback to different design alternatives or changes should provide valuable 
insights earlier in the process than is currently possible. 
 

• Use of building performance energy simulation during commissioning and operations  
While energy simulation tools are typically used during the design phase, 

they are capable of usage during commissioning or operations. As described in this 
paper, software tools and especially their user interfaces do not support the use of 
these tools during commissioning or operations. In principle, the simulation engines 
can be used at any point during the life-cycle phase of the building. Thus they could 
be used as basis to evaluate actual building performance based on the comparison of 
observations and predictions. A current research project at CIFE is exploring the 
possibilities for such a comparison (Fischer et al. 2006).  
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7. Conclusion 
 

This paper describes building thermal simulation engines DOE-2 and EnergyPlus, 
and some of the available user interfaces to these engines. The benefits and limitations of 
each tool were discussed by describing their functionality, life-cycle usage and data 
exchange over software boundaries. The user interfaces for DOE-2 are currently more 
developed in comparison to the interfaces for EnergyPlus. The lack of user-friendly, 
mature and comprehensive user interfaces limits the usage of building energy 
performance simulation in practice. Current progress on interfaces to EnergyPlus is 
promising and is likely to provide adequate user friendliness and functionality in the 
foreseeable future.  

Even though the development of thermal simulation tools has “eased the life” of 
users, the usage of such tools is not a trivial task and needs an understanding of the 
described limitations, as well as the knowledge of thermal processes in a building. Thus, 
any result is only as good as the understanding of its limitations. As outlined in the 
recommendations, various issues related to thermal simulation tools itself need more 
development and research to improve the value and accuracy of energy simulation.  

The strength of energy simulation today is the comparison of different design 
alternatives rather than predicting absolute energy consumption values. With additional 
research and development, these tools could also provide more accurate absolute values 
and provide many additional benefits to their users.  

Current seamless data import of building geometry data into energy simulation 
tools has limitations and usually includes either a process of iteratively changing the 
architectural model or manual checking and fixing of the partially converted geometry. 
The example building shown repeatedly in this document demonstrates the typical and 
frequently encountered problems with data exchange related to building energy 
performance simulation. 

Energy performance simulation tools are mostly used during design, but the use 
of such tools during the commissioning and operations phase has additional value. To 
leverage this value, data exchange must become more applicable and usable in other 
phases of a building’s life-cycle, not only in the design phase. Thus a closer integration of 
energy performance simulation with the actual performance of buildings during operation 
will not only improve existing simulation tools, but will also enable a more efficient 
operation of buildings.  
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