
research journal  2013 / VOL 05.01 

SPECIAL ISSUE: NATIONAL SCIENCE FOUNDATION WORKSHOP 
ARCHITECTURE AND ENGINEERING OF SUSTAINABLE BUILDINGS



		     19    

02.
BUILDING SIMULATIONS AND HIGH-PERFORMANCE BUILDINGS RESEARCH:  
Use of Building Information Modeling (BIM) for Integrated Design and 
Analysis
Ajla Aksamija, PhD, LEED AP BD+C, CDT, ajla.aksamija@perkinswill.com

ABSTRACT
High-performance, energy-efficient buildings require a different design approach than conventional buildings. 
Building performance predictions, use of simulations and modeling, research-based and data-driven design 
process are the key elements in the design of high-performance buildings. This article discusses relationships 
between building performance simulations and design, as well as the role of building performance research in 
architectural practice. The first part of the article discusses Perkins and Will Tech Lab, its research focus and 
research activities relating to the design of high-performance buildings. The second part of the article focuses 
on the role of performance simulations, best methods for integrating analysis procedures with the design, as well 
as case studies. 

KEYWORDS: high-performance buildings, simulations, modeling, decision-making, integrated design and 
analysis

1.0 INTRODUCTION 
What are the appropriate strategies for designing ex-
tremely low-energy or net-zero energy buildings? 
Methods for high-performance buildings require use 
of passive design strategies, use of advanced building 
technologies and renewable energy systems. Passive 
design strategies include shading, response to building 
orientation and site, utilization of thermal storage and 
natural ventilation, and use of daylight. Active design 
strategies include use of energy-efficient building sys-
tems and advanced building technologies where appro-
priate, such as mixed-mode ventilation, radiant heating 
and cooling systems, dynamic windows (for example, 
using electrochromic glass), and combined heat and 
power systems. Passive strategies should be utilized to 
the fullest extent since their cost is minimal and their 
effect on energy efficiency is significant. Advanced 
building technologies should be used to increase en-
ergy efficiency measures when and where applicable. 

Lastly, renewable energy should be used to supplement 
energy demand with renewable sources, such as wind 
power, photovoltaic systems and geothermal energy. 

Why do we need to use simulations and building per-
formance analysis for the design of high-performance 
buildings? Building performance simulations are an 
integral part of the design process, since they help in 
investigating different options and simulation of design 
decisions1. Quantifiable predictions during the differ-
ent stages of design process help establish metrics 
that can be used to measure improvements associated 
with these different types of strategies. It is important to 
note that improvements in building efficiency that are 
obtained through passive and active measures reduce 
the energy consumption, thus reducing the needs for 
renewable energy sources. Therefore, understanding 
effects of design decisions on building performance is 
crucial in achieving low and zero energy buildings. 
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The objectives of this article are to illustrate how perfor-
mance predictions and simulations can assist in iden-
tifying strategies for reducing energy consumption and 
improving building performance by rigorous analysis 
process. The first part of the article discusses Perkins 
and Will Tech Lab, whose primary research objective is 
to advance the performance of project designs through 
dedicated research. Tech Lab’s primary research meth-
ods include computational simulations and model-
ing, where different design scenarios are investigated, 
as well as their effects on building performance. The 
second part of the article discusses best methods for 
integrating performance simulations with the design, 
specifically addressing relationships between Building 
Information Modeling (BIM) and analysis software ap-
plications. Two specific case studies are discussed to il-
lustrate these processes. The first case study discusses 
a specific architectural project and different types of 
studies that were performed during the design to im-
prove building performance. The second case study 
discusses research on advanced computational design 
methods, and development of custom applications that 
allow parametric control of BIM elements based on en-
vironmental performance data. 

2.0 TECH LAB RESEARCH
Tech Lab was initiated in 2008 as a research entity with-
in Perkins and Will to enhance project designs through 
dedicated research. Tech Lab’s research agenda fo-
cuses on advanced building technologies, materials, 
sustainability, high-performance buildings, renewable 
energy sources and computational design. Tech Lab 
monitors developments in building systems, materi-
als, and information technology; reviews and analyzes 
emerging technologies that can have a direct impact 
on the course of architectural design, and investigates 
building systems and technologies that can significantly 
improve the value, quality and performance of architec-
tural projects. 

Examples of Tech Lab’s research projects are: 
•	 Performance and life cycle cost analysis for build-

ing integrated photovoltaics 
•	 Performance of double skin walls 
•	 Renewable energy systems optimization 
•	 Advanced thermal comfort modeling
•	 Daylight analysis 
•	 Parametric modeling 
•	 Thermal analysis of exterior wall assemblies 
•	 High-performance building envelopes 
•	 Selection of renewable energy sources.

Primary research methods include simulations and 
computational modeling, which are used to investigate 
different design scenarios and strategies. Typical re-
search process involves: 1) determination of research 
objectives and questions based on the needs of spe-
cific architectural/design projects; 2) identification of 
appropriate research methods; 3) identification of the 
timeline, schedule and research procedures; 4) execu-
tion of the study; and 5) dissemination and implemen-
tation of research results. Besides implementation of 
research results on architectural and design projects, 
sharing and dissemination of findings with the larger 
architectural and design community is a key aspect of 
Tech Lab’s objectives. Publications of research data 
and methods, analysis processes and results benefits 
the entire field, therefore, research studies and results 
are shared through Tech Lab Annual Reports, shown 
in Figure 1.

For example, Tech Lab Annual Report 2009 includes 
studies such as building envelope performance analy-
sis and daylight optimization, life-cycle cost analysis of 
building-integrated photovoltaic system, building en-
velope studies and daylight analysis, relationships be-
tween thermal comfort and outdoor design elements, 
study of facade options and building integrated photo-
voltaics, and a feasibility study for stand-alone self-pow-
ered exterior signage lighting system2. Tech Lab Annual 
Report 2010 includes facade energy studies, photo-
voltaic system energy performance and cost analysis 
studies, curtain wall heat transfer analysis, and exterior 
wall thermal transfer study3. Tech Lab Annual Report 
2011 includes studies relating to high-performance 
building facade, dew point analysis of a typical exterior 
wall assembly, hygrothermal analysis of exterior walls, 
and facade energy performance and daylight analysis 
studies4. Tech Lab Annual Report 2012 includes ther-
mal analysis studies for exterior wall assemblies5. These 
reports also include selected white papers that are writ-
ten on building technology topics, as well as published 
research articles and research reports. 
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Figure 1: Dissemination of research results through Tech Lab Annual Reports.
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3.0 BIM, BUILDING PERFORMANCE ANALYSIS AND 	
      DESIGN PROCESS
In order to evaluate and optimize the building perfor-
mance, different analysis cycles supported by simula-
tions should be part of an integrated design process. 
This is the basis for performance-based design method. 
However, this is challenging paradigm when compared 
to a traditional design method6:

1)	Traditional Method has deficiencies because (1) 
it may include simplified assumptions based on 
rules-of-thumb which can be inaccurate; (2) it 
may force an aesthetic feature without considering 
performance impacts; and (3) it may not provide 
performance measurement/evaluation of a certain 
design solution.

2)	Building Performance-Based Design Method has an 
ability to estimate the impact of a design solution 
since: (1) performance measures are investigated 
with actual quantifiable data and not rules-of-
thumb; (2) it uses detailed building models to sim-
ulate, analyze and predict behavior of the system; 
(3) can produce an evaluation of multiple design 
alternatives.

Past research on utilization of simulation tools during 
architectural design process indicates that despite the 
increase in number of available tools in the last decade, 
some architects and designers are finding it difficult to 
use these tools, since they are not compatible with their 
working methods and needs, or the tools are judged 
as complex and cumbersome7, 8. To remain competi-
tive, design professionals must weigh the value of in-
formation gained through simulation tools against the 
invested time, resources and against the value of com-
parable information that might be gained through the 
use of other or no tools9. So, why do we need to use 
simulations in the first place? Quantifiable predictions 
through simulations and modeling can help in identify-
ing strategies and methods to improve building energy 
efficiency and building performance, and help in the 
decision-making process for sustainable design. They 
must be integrated with the design process from the 
earliest stages of the design. 

Starting point for the schematic design is site analysis, 
where environmental factors must be systematically ex-
amined. Typical information about environmental con-
ditions of the site includes topography, context, solar 
orientation, climatic characteristics, surrounding struc-
tures, and infrastructure10. Building orientation plays a 
significant role in providing access to daylight, as well 
as solar exposure. Solar radiation introduces passive 
solar heat gain, which can be advantageous in heating-
dominated climates and unfavorable in cooling-domi-
nated11. While passive solar gain can be harnessed to 
decrease heating demand in winter, gains during sum-
mer months create the need for cooling. 

Building Information Models (BIM) can be used for en-
ergy and performance simulations, where the analysis 
process can be integrated with the design process. Fig-
ure 2 shows the basic types of performance analysis in 
relation to the project stages indicating what types of 
analysis should be performed when and how they relate 
to the BIM development process. The top part of the 
diagram shows the impact of decisions on actual build-
ing performance and relationships to project stages. As 
early as conceptual phase, the analysis should focus 
on the bigger design picture such as climate informa-
tion, orientation, passive strategies and building mass-
ing. Then at the schematic stage, the analysis should 
explore the shading methods, solar access and building 
envelope options. For example, the iterative cycle of dif-
ferent design options of sun shades can be analyzed at 
this stage. During the design development stage, opti-
mization of shading devices, daylight and glare stud-
ies, energy performance studies, thermal analysis and 
optimization should take place. However, BIM design 
authoring software programs and analysis applications 
are currently distinct and require exchange of data and 
building information. To successfully use BIM design 
models for environmental and performance analysis, 
it is important to consider the Level of Development 
(LOD) of BIM design models, what type of information 
is needed from them to develop BIM analysis models, 
and data exchange mechanisms and workflow between 
different software programs. LOD refers to the amount 
of information embedded in BIM design models, and 
widely accepted example is the American Institute of 
Architects (AIA) document E20212.
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Figure 2: Design decisions and uncertainly for building performance. Relations between “BIM design” and “BIM analysis” pro-
cess and documentation, indicating recommended level of development (LOD) to be embedded in the BIM models correspond-
ing to each simulation type/analysis.
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For example, LOD 100 should include overall build-
ing massing, area, height, volume; and can be used to 
analyze building orientation. LOD 200 includes model 
elements as generalized systems or assemblies, and 
may include non-geometric information, such as mate-
rial properties. BIMs at this stage of development can 
be used for performance analysis of shading devices, 
daylight/glare analysis, basic energy analysis, as well as 
thermal studies. LOD 300 includes model elements that 
are accurate in terms of quantity, size, shape, location 

and orientation, and the amount of information embed-
ded in the models is equivalent to construction docu-
mentation. BIMs at this stage of development can be 
used for detailed daylight/glare analysis, energy analy-
sis, as well as optimization of systems. It is important to 
note that these types of studies have the greatest im-
pact on the building performance if they are conducted 
early in the design process (conceptual, schematic and 
design development).
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Figure 3: Optimization of building form based on incident solar radiation (LOD 100 model).

4.0 METHODS FOR INFORMATION EXCHANGE 
      BETWEEN BIM AND ANALYSIS APPLICATIONS
Best practices for data exchange between BIM and en-
vironmental analysis software depend on the analysis 
objectives and what type of information/data is needed. 
For example, for determination of building massing that 
minimizes solar exposure or incident solar exposure on 

the facade, data exchange through DXF file format is 
adequate. For these types of studies, geometric prop-
erties of the building massing or component under 
analysis (for example, part of the facade with shading 
devices) are sufficient, as developed in LOD 100 mod-
el. Examples are shown in Figure 3, where the building 
massing and form are optimized based on incident so-
lar radiation for different building orientations.
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For other types of studies, such as daylight or thermal 
analysis, enriched information about interior spatial or-
ganization and zones, material properties and proper-
ties of shading surfaces is needed. Therefore, informa-
tion stored in “design” BIM needs to be exported as 
“analysis” BIM. For example, Ecotect analysis software 
is designed to be used during the early stages of the 
design process and can be effectively used for variety 
of analysis functions such as shadow analysis, shading, 
and solar exposure studies. Data exchange between 
Revit and Ecotect can be performed through Green 
Building XML (gbXML) schema, a computer language 
specifically developed to facilitate transfer of building 
properties stored in BIM to analysis tools. 

Basic structure of gbXML consists of elements such as 
rooms, walls, floors, ceilings, shading surfaces and win-
dows, which inherit properties embedded in the model 
(actual numeric values) and transfer to analysis appli-
cations. The following model parameters are essential 
for data exchange and are useful in utilizing BIM mod-
els for environmental analysis:

1.	Rooms are the basis of the gbXML file. The hosting 
structure, location and properties must be speci-
fied in the model since all the other data is associ-
ated with these elements. Only significant spaces, 
corresponding to thermal zones, should be defined 
as rooms.  Smaller supportive spaces (elevator 
shafts, storage spaces, mechanical spaces, etc.) of 
minimal impact should be grouped. Rooms must 
be fully bounding, and setting up correct heights 
and dimensions is important.

2.	Analytical surfaces (Floors, Walls, Roofs): Building 
elements must be bounding and connected.

3.	Openings: Windows and skylights should be de-
fined and their properties and technical details 
(such as material properties) can be modified in 
Ecotect (thicknesses, U-values, visual transmit-
tance, solar heat gain coefficient). 

4.	Shading surfaces: Shading surfaces are treated 
as analytical surfaces (walls, floors or roofs) not 
bounding a room and are exported as simple sur-
faces. 

These basic elements can be embedded in the model 
from the earliest stages of the design process (LOD 
100), and developed in LOD 200 for studies of differ-
ent design options and scenarios through environmen-
tal analysis. It must be noted that these elements must 
be properly defined and embedded in the BIM design 
models if this data exchange mechanism is to be used 
for translation of building information from design to 
analysis applications. Also, some modification of trans-
lated geometry or element properties may be required 
in the analysis software application. 

Figure 4 shows an example of a Revit file (upper right) 
with information needed for the analysis imbedded in 
the model (rooms, their dimensions and properties), 
which get transferred by gbXML file to analysis engine. 
The gbXML file containing exactly the same informa-
tion, but showing a different, data-based view is shown 
on the left. The lower right image displays analysis mod-
el created in Ecotect from the gbXML file.
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Figure 4: Revit “design” BIM with LOD 200 (upper right); gbXML file structure and data-centric view of the same properties (left); 
Ecotect “analysis” model generated from the gbXML file (lower right).

5.0 CASE STUDY 1: SIMULATIONS OF DESIGN  
      OPTIONS AND BUILDING PERFORMANCE  
      ANALYSIS
The first case study reviews results of a study that was 
conducted during the design of a commercial building 
located in Boston. Building performance analysis and 
simulations were used during the schematic design to 
investigate different facade design options, and their 
effects on energy performance and available daylight. 
BIM-based and non-BIM based simulation tools were 
used. For example, EnergyPlus was used for energy 
modeling, in order to assess the effects of different fa-
cade design options on energy consumption. Ecotect 
was used to study solar exposure for different facade 
options, and Radiance daylight simulation tool for day-
light analysis. The study considered different facade 

orientations of the building, and different design strate-
gies for improving energy performance and occupants’ 
visual comfort. 

5.1 Facade Design and Energy Modeling
The plan for a typical floor of the building is shown in 
Figure 5, indicating facade orientations that were in-
vestigated. Two different facade types are used along 
the east orientation (type 1 encloses a double-story 
atrium, and type 2 encloses single-story office space). 
South and west oriented facades enclose a double-story 
atrium space. Three different design options were inves-
tigated for each orientation, and specific characteristics 
are listed in Table 1. In summary, these following sce-
narios were investigated:

•	 East orientation (type 1):
-	 Base case: curtain wall
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Figure 5: Building plan indicating different facade orientations.

-	 Option 1: curtain wall with 50% of vision area 
glass covered with ceramic frit pattern

-	 Option 2: similar to option 1, with added vertical 
fins to provide shading

•	 East orientation (type 2):
-	 Base case: curtain wall with spandrel
-	 Option 1: similar to base case, with 50% of vi-

sion area covered with ceramic frit pattern
-	 Option 2: similar to base case, with vertical fins

•	 South orientation:
-	 Base case: curtain wall (Figure 6)
-	 Option 1: curtain wall with spandrel

-	 Option 2: curtain wall with horizontal shading 
elements (Figure 7)

•	 West orientation:
-	 Base case: curtain wall
-	 Option 1: curtain wall with vertical fins
-	 Option 2: curtain wall with horizontal shading 

elements, identical to option 2 for south orienta-
tion.

All scenarios considered thermally broken aluminum 
mullions for curtain wall framing, and the properties of 
the glazing units are listed in Table 2.
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Table 1: Different facade design options considered in the study and their characteristics.

Table 2: Properties of the glazing units.

Glass properties Base case Options 1 and 2 (fritted glass)

U-value (Btu/h-ft2-F) 0.29 0.29

SHGC 0.38 0.60

Visual transmittance 0.70 0.48

Facade orientation Design options Characteristics

East facade type 1  
(enclosing two story atrium)

Base case Fully glazed curtain wall with low-e IGU

Option 1 Fully glazed curtain wall with low-e fritted IGU (frit pattern covering 50 
percent of the vision area)

Option 2 Fully glazed curtain wall with low-e fritted IGU (frit pattern covering 50 
percent of the vision area), and 1.5 ft deep exterior shading elements 
(vertical fins) spaced 2.5 ft apart

East facade type 2  
(enclosing one-story interior 
space)

Base case Curtain wall with low-e IGU and 2.5 ft high spandrel with R-17 h-ft2-F/
Btu (window-to-wall ratio 70 percent)

Option 1 Similar to base case, with added 1.5 ft exterior vertical fins spaced 2.5 
ft apart

Option 2 Similar to base case, with frit pattern covering 50 percent of the vision 
area

South Base case Curtain wall with low-e air IGU (window-to-wall ratio 95 percent), as 
seen in Figure 6

Option 1 Curtain wall with low-e IGU and 2.5 ft high spandrel with R-17 h-ft2-F/
Btu (window-to-wall ratio 85 percent)

Option 2 Curtain wall with low-e IGU, horizontal overhang (3 ft deep) and an 
interior light-shelf, and horizontal shading elements (0.5 ft wide fins 
spaced 1 ft apart below the overhang, and 2 ft above the overhang), 
as seen in Figure 7

West Base case Curtain wall with low-e IGU (window-to-wall ratio 95 percent)

Option 1 Curtain wall with low-e air IGU and 1.5 ft deep vertical fins spaced 2.5 
ft apart

Option 2 Curtain wall with low-e IGU, horizontal overhang (3 ft deep) and an 
interior light-shelf (also 3 ft deep), and horizontal shading elements 
(0.5 ft wide fins spaced 1 ft apart below the overhang, and 2 ft above 
the overhang), identical to south facade option 2



		     29    

Building Simulations and High-Performance Buildings Research

Figure 6: Incident solar radiation for south-oriented facade (Base case).

Figure 7: Incident solar radiation for south-oriented facade (Option 2).

Figures 6 and 7 show incident solar radiation for the 
south facade (base case and option 2 with horizontal 
shading elements). Ecotect simulation software was 
used to calculate incident solar radiation for these sce-

narios, and results indicate that horizontal shades work 
really well in reducing incident solar radiation for this 
facade. Figure 8 shows results for hourly solar heat gain 
(all three options for south facade).
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Figure 8: Comparison of hourly solar heat gain for south-oriented facade design options.
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Figure 9 shows summary results for energy consump-
tion for all building orientations and design options. 
These simulations were performed using EnergyPlus, 
which is non-BIM based energy modeling software. The 

results indicated that options 2 would be the best de-
sign scenarios (all four orientations) for improving en-
ergy performance.

Figure 9: Comparison of energy consumption for all design scenarios.
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5.2 Daylight Analysis
Daylight simulations were performed to investigate avail-
ability of natural light reaching the interior space. Since 
it was found that the best-performing design scenarios 
for the south and west orientations include horizontal 
overhang, horizontal shading elements and a light-shelf 
for reducing energy consumption, these design options 
have been used to study availability of natural light. 
They were compared to two other design options:

•	 Base case: flat south-west facade
•	 Option 1: serrated south-west facade without any 

shading elements or light-shelves
•	 Option 2: serrated south-west facade with a 3 ft 

deep horizontal overhang, horizontal shading ele-
ments (0.5 ft wide fins spaced 1 ft apart below the 
overhang, and 2 ft above the overhang) and 3 ft 
deep interior light-shelf. 

Daylight analysis was performed for September 21 at 
noon, with sunny sky conditions, using Radiance simu-
lation software. This date was selected in order to in-
vestigate representative conditions for fall equinox, and 
this specific time was selected based on the relative 
orientation of the analyzed space. Daylight simulations 
can also be performed for other times of the year (such 
as June 21 for summer, and December 21 for winter 
conditions).

Since this facade adjoins two-story interior space, the 
purpose of the analysis was to compare daylight lev-
els on both levels. Specifically, light redirecting mecha-
nisms for the office space located on the second floor 
were investigated, since this space is located approxi-
mately 20 ft from the facade, and is separated from the 
atrium by a glass partition wall. These different options 
are shown in Figure 10, as well as the daylight simula-
tion results.
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Figure 10: Design options and daylight levels.
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Generally, the base case scenario has highest daylight 
levels along the first floor; however, this option is the 
worst from energy performance perspective. Compari-
son between options 1 and 2 shows that option 2 would 
provide more daylight, since the shading elements 
and a light-shelf would redirect light within the interior 
space.  For the second floor, daylight levels are compa-

rable for both options, although the actual values are 
higher for the base case scenario. Since option 2 is the 
best performing design scenario in terms of energy per-
formance, the addition of light-shelves would balance 
the effects of shading elements on the availability of 
natural light. Figures 11 and 12 show detailed results of 
the daylight analysis.
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Figure 11: Daylight analysis results (first floor, September 21 at noon).

Figure 12: Daylight analysis results (second floor, September 21 at noon).
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This case study illustrates how research process, as 
well as use of building performance analysis can be 
beneficial for design decision-making. Having these 
results and quantifiable data allowed the design team 
to make informed decisions regarding the facade treat-
ment for this specific project, as well as daylight har-
vesting strategies. At the same time, documenting re-
sults and sharing research processes, objectives and 
results is beneficial for the design community at large 
since these results can also be applied to other similar 
projects or design problems. 

The next case study reviews how advanced compu-
tational design approaches that use analytic data for 
parametric modeling can be beneficial. Currently, while 
data exchange between BIM and analytical software 
can be accomplished, importing the results of the 
analysis back into the BIM and controlling the geom-
etry of its elements based on the results is extremely 
challenging. Therefore, custom applications, advanced 
computational design tools and methods that fully inte-
grate BIM design and analysis software programs are 
necessary to accomplish this. 

6.0 CASE STUDY 2: PARAMETRIC DESIGN, BIM 	
      AND PERFORMANCE ANALYSIS 
Using analytic data as a driver to parametrically control 
the geometry of BIM elements is currently a promis-
ing method for modeling design elements, such as sun 
shades, that respond to environmental constraints, 
such as incident solar radiation or solar angles. This 
can be done qualitatively, but evaluating multiple op-
tions with many variables can be time consuming. A 
preferred method is to use analytical data, coming from 
applications such as Ecotect, to parametrically control 
BIM elements. A previously published article reviewed 
in detail customization of the Autodesk Revit BIM au-
thoring software to allow for data exchange between 
BIM design and analytical applications (Revit and Eco-
tect), where analytic data is used to control the geom-

etry of BIM families13. Major points and findings are 
summarized in this section, and a specific case study is 
discussed to illustrate innovative approach for paramet-
ric modeling and data-driven form optimization based 
on environmental analysis data. 

A BIM provides a common database of information 
about a building, including its geometry and attributes. 
It is an integrated, comprehensive building model that 
stores the information contained in traditional building 
documents, such as drawings, specification, and con-
struction details, as well as additional 3D information 
and metadata, in a centralized or distributed database. 
The goal of BIM is to provide a common structure for in-
formation sharing that can be used by all agents in the 
design process and construction. It virtually simulates 
design and construction, and provides groundwork for 
collaborative design, since all the relevant information, 
such as spatial organization, building components, 
building systems (mechanical, electrical, plumbing, 
HVAC) can be incorporated into building descriptions.

Typical workflow and data exchange between BIM and 
environmental analysis applications requires export of 
model geometry from BIM to analysis applications, as 
discussed in previous sections of this article. Appropri-
ate methods for data exchange between BIM and en-
vironmental analysis software depend on the analysis 
objectives and what type of information/data is needed.
 
As stated above, data exchange between BIM and ana-
lytical software can be accomplished, but importing the 
results of the analysis back into the BIM and control-
ling the geometry of its elements based on the results 
is challenging. Therefore, a custom-built plug-in for the 
Revit platform was developed that allows import of ana-
lytical results, such as solar radiation, into BIM design 
model13. It enables importing of data via Excel spread-
sheets and parametric control of Revit families based 
on the numeric values contained in the imported data. 
The process is shown in Figure 13. 
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Figure 13: Process diagram showing data exchange between different applications for parametric control of BIM elements based 
on performance analysis data.
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It was tested in relation to building envelope design, 
as seen in Figure 14, specifically focusing on optimiz-
ing design of shading devices along a complex surface 
based on solar radiation data obtained from Ecotect. In 
order to align the Ecotect data with individual instances 
of Revit panel families, several instance parameters can 
be created within the family. This allows the subdivision 
of families to be logically ordered in order to align them 
with Ecotect. After creating a surface in the conceptual 
design environment, the surface can be subdivided into 
a desired number of divisions, which can then be ex-
ported into a DXF file. This geometry can be imported 
into Ecotect to analyze incident solar radiation, and ob-
tain solar radiation values based on building location 
and specific orientation of the panel. These values can 
be exported from Ecotect into an Excel spreadsheet, as 

seen in Figure 14. Once the solar radiation data is ob-
tained and imported in Excel spreadsheet, it must be 
normalized based on minimum and maximum solar 
radiation values (in this case, it is normalized into val-
ues from 0 to 1). This normalized data is imported into 
Revit using WhiteFeet utility menu, and used to control 
the geometry of Revit panel families. This is achieved 
by matching the normalized values to the correct panel 
position on the complex curved surface, and using the 
normalized value from 0 to 1 to control the position and 
geometry of the shading element relative to the center-
point of each panel. The resultant is shown in Figure 
15, showing a surface where the shading elements for 
the curtain wall panels respond to solar radiation strik-
ing this surface.
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Figure 14: Example of curved surface in Revit and solar radiation analytic data from Ecotect, used to parametrically size and posi-
tion shading devices along the curved surface.
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7.0 CONCLUSION 
This article discussed relationships between building 
simulations and design process, and how performance 
predictions can assist in identifying strategies for reduc-
ing energy consumption and improving building per-
formance. The first part of the article discussed why 
we need to “quantify” design decisions—in order to 
achieve extremely low and net-zero energy buildings, 
quantifiable predictions are needed at every step of the 
process, which evaluate the benefits of using passive 
strategies, advanced building technologies and renew-
able energy sources. We need to quantify the benefits 
of each individual methodology, and relate them to a 
specific design problem, building, its climate and the 
context. We also discussed objectives of Perkins and 
Will Tech Lab and its research projects. Tech Lab’s pri-
mary research methods include computational simula-
tions and modeling, where different design scenarios 
are investigated, as well as their effects on building per-
formance.

We also reviewed methods for data exchange between 
BIM and environmental analysis software applica-
tions, emphasizing the importance of differentiating 
between “design” BIM models and “analysis” models.  
Interoperability between BIM-based design and simu-
lation tools can improve the workflow between design 
documents and analysis applications, where informa-
tion contained in the models can be used for analysis 
process as well. However, BIM-design model and the 
BIM-analysis model need to be managed and properly 
developed, considering the LOD and the required in-
formation necessary for performance analysis. It is im-
portant to track what type of information is needed for 
a particular analysis, and how effectively to use BIM to 
simulate design decisions. We also demonstrated this 
by reviewing two specific case studies. The first case 
study discussed building performance analysis that was 
performed during the design of a commercial building, 
methods and results. The second case study discussed 
advanced computational design methods for integration 
of environmental performance data with the design.  
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Figure 15: Example of parametric control of shading elements in Revit.



 Building Simulations and High-Performance Buildings Research

REFERENCES
[1] Aksamija, A., (2009). “Integration in Architectural 
Design: Methods and Implementations”, Design Prin-
ciples and Practices: An International Journal, Vol. 3, 
No. 6, pp. 151-160. 

[2] Aksamija, A, (2010). Tech Lab Annual Report 2009, 
Perkins and Will, Available from http://www.perkinswill.
com/research/tech-lab-annual-report-2009.html.

[3] Aksamija, A., (2011). Tech Lab Annual Report 2010, 
Perkins and Will, Available from http://www.perkinswill.
com/research/tech-lab-annual-report-2010.html.

[4] Aksamija, A., (2012). Tech Lab Annual Report 2011, 
Perkins and Will, Available from http://www.perkinswill.
com/research/tech-lab-annual-report-2011.html.

[5] Aksamija, A., (2013). Tech Lab Annual Report 2012, 
Perkins and Will, Available from http://www.perkinswill.
com/research/tech-lab-annual-report-2012.html.

[6] Aksamija, A., and Mallasi, Z., (2010). “Building Per-
formance Predictions: How Simulations Can Improve 
Design Decisions”, Perkins and Will Research Journal, 
Vol. 2, No. 2, pp. 7-32.

[7] Gratia, E., and de Herde, A., (2002). “A Simple De-
sign Tool for the Thermal Study of an Office Building”, 
Energy and Buildings, Vol. 34, pp. 279-289.

[8] Punjabi, S., and Miranda, V., (2005). “Development 
of an Integrated Building Design Information Interface”, 
Proceedings of IBPSA ’05 Buildings Simulation Confer-
ence, Montreal, pp. 969-976.

[9] Attia S., Beltran L., de Herde A., and Hensen J., 
(2009). “Architect Friendly: A Comparison of Ten Differ-
ent Building Performance Simulation Tools”, Proceed-
ings of IBPSA ‘09 Buildings Simulation Conference, 
Glasgow, 204-211.

[10] Aksamija, A., (2010). “Analysis and Computation: 
Sustainable Design in Practice”, Design Principles and 
Practices: An International Journal, Vol. 4, No. 4, pp. 
291-314. 

[11] Zisko-Aksamija, A., (2008). “Information Modeling 
in Architectural Design: Collaborative Environment for 
Decision-Making Process”, Design Principles and Prac-
tices: An International Journal, Vol. 2, No. 2, pp. 79-88.

[12] AIA, (2008). AIA Document E202:  The American 
Institute of Architects Building Information Protocol Ex-
hibit.

[13] Aksamija, A., Guttman, M., Rangarajan, H., and 
Meador, T., (2011). “Parametric Control of BIM Ele-
ments for Sustainable Design in Revit: Linking Design 
and Analytical Software Applications through Custom-
ization”, Perkins and Will Research Journal, Vol. 3, No. 
1, pp. 32-45.

		     37    




