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03.
PARAMETRIC CONTROL OF BIM ELEMENTS FOR SUSTAINABLE DESIGN IN 
REVIT: Linking Design and Analytical Software Applications through Customization

ABSTRACT
Using analytic data as a driver to control the geometry of BIM elements is currently a promising method for 
parametric creation of design elements such as sun shades, which respond to environmental constraints such 
as incident solar radiation or solar angles. This can be done qualitatively, but evaluating multiple options with 
many variables is time consuming. A preferred method is to use analytical data coming from applications such 
as Ecotect to parametrically control BIM families. This article reviews customization of the Autodesk Revit BIM 
authoring software to allow for data exchange between BIM and analytical applications (Revit and Ecotect), 
where analytic data is used to control the geometry of Revit families. The article first discusses concepts of solar 
radiation and relationships to optimum design of shading devices and previous parametric modeling work done 
in other software applications. Then, development of a custom plug-in for Revit that allows import of numeric 
data and parametric control of Revit families based on these values is discussed. Also, relationships to Ecotect 
and data exchange between these different software applications are discussed, followed by a case study.
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1.0 INTRODUCTION
Recent developments in computational design tools 
are providing methods for improved design practices. 
Enhanced design representations, energy and thermal 
simulations and improved collaboration using digital 
media are some of the benefits of advanced compu-
tational tools. Building Information Modeling (BIM) is 
currently one of the major paradigm shifts in the build-
ing industry where the primary elements of change are: 

•  Representation of building elements as data-rich 
3D objects, rather than as combination of 2D or-
thogonal views and written documents.

•  Use of an interdisciplinary, comprehensive, 
building model as the source for derived “views”, 
rather than a collection of “drawings” that is 
used to infer a 3D design.

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 
information sharing that can be used by all agents in 
the design process and construction. It virtually simu-
lates design and construction and provides groundwork 
for collaborative design since all the relevant informa-
tion such as spatial organization, building components, 
building systems (mechanical, electrical, plumbing, 
HVAC) can be incorporated into building descriptions.

Visualization of design in three-dimensional space is 
one of the advantages of BIM; however, it is not the 
only capability and the integrative nature of contents 
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must be emphasized. A BIM can also be used for simu-
lations, building performance predictions and environ-
mental analysis where the data contained in the BIM 
is used for daylight studies, energy analysis and solar 
access studies. 

Typical workflow and data exchange between BIM and 
environmental analysis applications requires export of 
model geometry from BIM to analysis applications. Nu-
merous examples of this process are available1,2. Best 
practices for data exchange between BIM and environ-
mental analysis software depend on the analysis objec-
tives 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 façade with shading 
devices) are sufficient. These basic parameters can be 
embedded in the model from the earliest stages of the 
design process and can be used for investigation of dif-
ferent design options through environmental analysis.

For other types of studies such as daylight or thermal 
analysis, enriched information about interior spatial or-
ganization, material properties and properties of shad-
ing surfaces is needed. Therefore, information stored in 
“design” BIM needs to be exported as “analysis” BIM. 
For example, Autodesk Ecotect® analysis software is de-
signed to be used during the early stages of the design 
process and can be effectively used for a variety of ana-
lytical functions such as shadow analysis, shading, so-
lar exposure studies, lighting and daylight studies. Data 
exchange between BIM and analytical software 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.

Currently, data exchange between BIM and analytical 
software is relatively easy to accomplish. It is very chal-
lenging to import analysis results back into the BIM 
and control geometry of its elements based on the re-
sults. The objective of this research was to investigate 
the functionalities of a custom-built plug-in for the Au-
todesk Revit® platform that allows import of analytical 
results such as solar radiation striking a surface, into 
the BIM model. It enables importing of data and para-
metric control of Revit families based on the numeric 
values contained in the imported data. It was tested in 
relation to building façade design, specifically focus-
ing on optimizing design of shading devices using solar 

radiation data obtained from Ecotect analysis software. 
The underlying drive for the research was to ease the 
information exchange between BIM design and analy-
sis applications, specifically focusing on effective use 
of real analytic data for parametrical control of model 
geometry in Revit. 

In this article, first we define parametric design as a 
rule-based design method where design models can 
be manipulated based on certain constraints. We also 
discuss the concepts of insolation and design rules for 
the optimal design of shading elements since the driver 
for this research has been to use parametric tools for 
design of sustainable elements. Then, we focus on the 
description of earlier work in non-BIM software applica-
tions where we have used design rules for parametric 
design of shading devices, based on the building’s loca-
tion and latitude. Following this discussion, we focus on 
the customization of Revit and development of a plug-
in that allows users to import analytic data into Revit 
and to parametrically control Revit families based on 
the numeric values. Several test cases are shown, illus-
trating this process in detail where solar angles or solar 
radiation data (coming from analytic applications) have 
been used to control positioning or geometry of shading 
devices and curtain wall panels. 

2.0 PARAMETRIC DESIGN AND SUSTAINABLE  
      ARCHITECTURE
What exactly constitutes parametric modeling? These 
processes and tools are relatively new to the architec-
tural community and are based on the concept of rules, 
constraints, features and associations between param-
eters and objects in the model such as geometry. The 
rules and constraints, usually consisting of mathemati-
cal formulas, data values or numbers can be used to 
control the properties of the model or an object in a 
model such as geometry, shape or size. The underly-
ing driver for parametric design is to be able to quickly 
adapt the characteristics of a model component based 
on a certain rule without having to recreate the entire 
model for each design iteration. The rules, or numeric 
values, may represent structural loads, environmental 
data (such as solar radiation, solar angles, wind veloc-
ity), or simply a change in dimensions.  

The benefits of parametric tools in practice have been 
acclaimed while also acknowledged as increasing in 
complexity and time required for certain design tasks3. 
For example, there are case studies where parametric 
design methods have been used to determine build-
ing geometry and curvature of the cladding design for 
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stadium buildings4. Other examples include parametric 
generation of tall building forms5. Computational tools 
such as Maya, Rhino and Grasshopper, CATIA, Solid 
Works, Inventor and Bentley’s Generative Components 
are examples of platforms that allow parametric con-
trol of model geometry based on rules and constraints. 
There are also examples of short algorithms and code 
that can be used for parametric control of model geom-
etry6. However, the purpose of this article is not to review 
capabilities of these different software platforms or dif-
ferent programming methods. Rather, the objective is to 
discuss parametric design in relation to sustainability, 
particularly focusing on building envelope design and 
reduction of solar radiation and the use of custom tools 
for parametric control of BIM elements. 

2.1 Concepts of Insolation
Building energy consumption is highly dependent on 
location, climatic characteristics and orientation relative 
to solar exposure. Current trends are to design and con-
struct building facades as highly glazed envelopes that 
offer great potential for daylight; however, solar heat gain 
must be controlled in order to create a habitable internal 
environment and reduce building energy consumption. 
Horizontal and vertical shading devices such as over-
hangs, fins and louvers can be used to reduce solar 

heat gain for the internal environment. Moreover, shad-
ing devices can include integrated photovoltaic systems 
creating relationships between desired daylight, energy 
consumption, available surface area and available solar 
radiation that need to be explored.

Solar radiation is the most significant contributor to heat 
gain associated with building facades. The prediction 
of average solar insolation for any day, month, season 
or year is needed in order to estimate the cooling load 
arising from radiation received on walls or transmission 
through windows. Solar insolation refers to the total 
amount of cumulative incident solar radiation on a point 
or surface over a specified period and is expressed in 
Btu/ft2 (kWh/m2) units. Understanding the intensity of 
solar insolation on different geometric shapes and ori-
entations is important, especially in relation to building 
façade design. The position of the sun determines the 
intensity of solar radiation striking on various surfaces 
of a building. The amount of solar radiation striking a 
given surface of a building, wall or roof changes con-
stantly as a result of the changing position of the sun. 
The diurnal and annual patterns of the sun’s motion in 
the sky depend on the latitude of the location in ques-
tion (distance from the equator) as well as the surface 
inclination seen in figure 1. 

Figure 1: Annual average solar radiation in relation to latitude and angle tilt of the surface.
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2.2 Selection of Shading Devices
Selection of shading devices depends on building orien-
tation since each side of the building receives different 
amounts of solar radiation. Generally, horizontal devices 
should be used for south façades (north for south-
ern hemisphere) since these types reduce solar heat 
gain throughout the year. Vertical devices such as fins 
should be used on east and west facades and prefer-
ably should be able to rotate depending on the daily sun 
path. Shading of the south facades should respond to 
seasonal, while east and west façades should respond 
to daily changes in the position of the sun. 

If tilted shading devices are used, the optimal angle is 
generally equal to latitude for fixed horizontal elements. 
If horizontal shading devices can be rotated, seasonal 
changes can be accounted for by adjusting the angle 
depending on the location (latitude) and different sea-
sons. For fixed devices, selecting preferred season or 
averaging values for different seasons can optimize 
shading efficiency.

Overhang design that incorporates horizontal shading 
devices can be sized according to the building location 
and data obtained from the sun path diagram (solar 
azimuth and altitude). Dimensions are dependent on 
horizontal and vertical shading angles. 

Rotating angle of vertical shading devices should re-
spond to daily and monthly sun path as well as building 
orientation angle. These can be expressed in relation 
to sun azimuth or horizontal shading angle. Deviation 
from true north can be accounted for by subtracting 
relative orientation angle. The methodology and steps to 
optimize design of shading elements include:

•  Determination of the overheated period, based 
on building’s location and climate, to select 
months and periods when shading is needed.

•  Determination of the critical solar angles for the 
design.

•  Determination of the physical properties of the 
shading devices such as type (horizontal or verti-
cal) depending on the building’s orientation, sun 
tracking capabilities and dimensions.

2.3 Shading Geometry, Architectural Components 
and Parametric Design
The principles of insolation and sun shading, described 
in the previous section, define an architectural problem 
as they are applied to a building design. The functional 
requirements of shading devices also offer aesthetic op-
portunities when combined with other design objectives 
creating interesting patterns and unique façade solu-
tions. Projections and recesses, varied size and scale of 
louvers, and degrees of light and shade, can be com-
bined in different permutations to create architectural 
interest. As seen in figure 2, horizontal fins are used on 
the south facade with a 45 degree angle maintained be-
tween the varying depths of the fins.  Figure 3 illustrates 
vertical fins on the west and east façades, screening 
balconies and living quarters and offering visual privacy 
to the units facing each other. Figure 4a has a 14.7 ft 
(4.5 meter) modular screen that wraps the building on 
the southern façade and ties the different programmatic 
elements together. The fins are rotated based on the 
latitude. Figure 4b shows the inclined fins with different 
positions for summer, winter and spring. 

In our previous work the use of these elements was 
studied in projects through the use of MEL (Maya Em-
bedded Language) scripting in Maya software. These 
studies led to an understanding of the parameters that 
control an individual fin and how fins can be populated 
within different geometries. Exploration and position-
ing of vertical and horizontal shading devices using the 

Figure 2: Shading elements as major architectural component (Community Center, Texas).

Parametric Control of BIM Elements for Sustainable Design in Revit
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Figure 3: Vertical fins (Residential mixed-use tower, Abu Dhabi).

Figure 4a: Horizontal fins as screens (Residential mixed use building, Abu Dhabi).

Figure 4b: Rotation of louvers that follow seasonal changes and parametric control.
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script was possible on a variety of surfaces by simple 
parametric changes. We have used solar angles and 
design rules discussed in section 2.2 to size and posi-
tion shading devices parametrically based on building 
location, orientation and solar angles. For example, fig-
ure 4b shows how parametric control of horizontal fins 
that respond to seasonal changes could be optimized 
where rotational angle is used in the script to change 
the angle of the fins. Figure 5 indicates the sequence 
of how the fins are positioned, sized, rotated and popu-
lated on a surface.

These explorations have indicated that parametric 
control of shading elements offers an improved design 
method for the design of sustainable facades, but the 
next step was to determine a similar approach for the 
Revit platform since it is the primary tool used for archi-
tectural documentation (i.e. its  geometry is in context 
with other aspects of design) and to take the advantage 
of parametric functionality of Revit families. Through 
customization of Revit platform and testing and evalu-
ation of different options, we were able to work out a 
method where custom plug-in can be used to import 

Figure 5: Parametric design and control of shading elements in Maya.

Parametric Control of BIM Elements for Sustainable Design in Revit
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analytical data into Revit to control the geometry of 
shading devices. We have used Excel spreadsheets 
to hold the analytic data coming from Ecotect analysis 
software and supply numeric values to Revit for para-
metric control through a custom tool. The process 
diagram is shown in figure 6, indicating how the data 
exchange between Revit, Ecotect and Excel is carried 
out. Components of the tool are discussed in detail in 
the next section as well as connectivity mechanisms be-
tween Revit and Excel.

3.0 CUSTOMIZATION OF REVIT

3.1 Use of a Custom Programming Approach
The team considered alternative approaches for provid-

ing the parametric functionality. Although commercial 
applications that provide much of the required capabil-
ity are available and other programming environments 
could have been used to develop a solution, an applica-
tion based on the Revit Application Programming Inter-
face (API) linked to Microsoft Excel was selected.

The custom programming strategy has several advan-
tages over so-called “user friendly” applications such 
as Grasshopper, that provide a graphical user interface 
and generate code in the background.

Although the graphical interfaces are “easy” to use for 
the production of quick, dramatic results, they are not 
as explicit about the imbedded decision process that 
lead to the final form. Computer programming code de-

Figure 6: Process diagram showing the data transfer between different applications for parametric control of BIM elements.

REVIT

ECOTECT
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veloped in a text-based language such as C# (which 
was used in this project) is self-documenting. In other 
words, a programmer can read the code and exactly 
understand that rational basis of the results and manip-
ulate them to precise values. This is especially signifi-
cant where the parametric objectives are complex and 
based on precise requirements such as the relationship 
between the sun shading elements and the solar cal-
culations.

The specific software selections were based not 
only on the project’s needs, but in accordance with 
Perkins+Will’s preferred development platforms. By us-
ing Revit as the BIM component, Excel for data ma-
nipulation and C# in Visual Studio as a programming 
environment, the team is advancing the skills and de-
veloping code modules that will have broader applica-
tions.

The evolving nature of the teams’ design solutions ne-
cessitated a software programming strategy that was 
flexible and supported experimentation. A broadly ap-
plicable toolset (given the working name “WhiteFeet”) 
that includes a standardized Revit menu system and 

modular code blocks was developed. This solution 
extends significantly beyond the needs of the current 
project, but was easily extensible to include all of the 
project needs.

It was especially important to manage the user input 
settings that were needed for each study. These include 
arcane values such as family names, parameter names 
and file paths. The solution includes a system of ini-
tialization files that restore the user interface to named 
configurations in conjunction with settings that were 
stored as data in the Excel worksheets (tabs), so that 
each experiment is precisely defined and can be re-
produced.

3.2 Data Strategy for Manipulating Revit Families
The basic framework of the solution is based on three 
subcomponents:

•  The Revit geometry is created by using a small 
number of Revit families that are placed in many 
instances. The families include instance-level 
parametric dimensions so that individual varia-
tions among many instances result in an overall 
form change.

Figure 7: Relationship between Excel data and Revit family parameters.

Parametric Control of BIM Elements for Sustainable Design in Revit
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•  The analytical and computational basis for the 
model geometry is stored in a database system 
external to Revit.

•  The correspondence between the family instanc-
es and their database records is maintained by a 
one-to-one “key” relationship as seen in figure 7. 
This requires conventions in the way the families 
are created and the quantitative data is stored, 
so that they can be maintained and enforced by 
the software.

Several database options were considered. Although 
a true database such as Microsoft Access or Microsoft 
SQL Server would have been preferable from a pro-
gramming standpoint, Microsoft Excel was selected 
because of its familiarity and ease of usability to the 
entire team. This necessitated some special program-
ming and imposed some strict requirements on how the 
Excel worksheets were formatted, but did not pose any 
significant problems.

The protocol used for the communication between Revit 
and Excel is somewhat problematic since Microsoft (who 
writes drivers and other tools for working with Excel) has 
provided a changing and incomplete set of options. Mi-
crosoft would like to see SQL Server used for this kind 
of activity, but this is not how SQL Server and Excel are 
used within  Perkins+Will. In particular, the “Jet/ACE” 
drivers that would be best suited cannot be used with 
the combinations of 32-bit and 64-bit software that is 
the Perkins+Will standard. For these reasons, Excel was 
run as a parallel application to Revit and accessed us-
ing COM through the “Interop” interface. This solution 
is no longer usable with the 2010 version of Excel so an 
alternative strategy has been developed for work since 
this project.

The “key” relationships are based on required conven-
tions:

•  Each family instance includes an instance pa-
rameter that identifies it. This value (string or 
integer) must be present and must be unique; 
however, there are no other limitations on the 
name of the parameter or the values.

•  Each geometric study (model) is associated with 
a single worksheet (tab) in Excel. Multiple mod-
els (versions of the geometry) are maintained by 
collecting several such worksheets into a single 
Excel workbook (an Excel file.) Each worksheet 
must have a column designated as the key value 
with data such that there is an exact one-to-one 
correspondence between the rows of the work-
sheet and the instances of the family.

The instance parameters of the Revit family, which con-
trol its geometry, each correspond to a column of the 
Excel worksheet. These values must be present, but 
there is no requirement for uniqueness. Two general 
strategies emerged for doing this:

•  Option 1: Using several parameters in the Revit 
family, where each parameter directly controls 
a single dimension and updating all of them for 
each family instance.

•  Option 2: Using a single parameter (often named 
“factor”) that was used as a factor in several cal-
culated parameters within the family, which then 
controlled the dimensions. Typically this factor 
parameter was normalized so that it held a value 
between zero and one. This served to allow work 
in Revit and in the data to proceed independent-
ly without having to define the allowable range of 
values.

Option Description Reasons to Use / Not use

MS Jet engine Driver that can read Excel and Access 
files directly.

• Very straightforward code.
• Cannot be used with 64-bit OS.

MS Interop Starts a session of Excel or Access that 
runs at the same time as Revit.

• Complex programming to start/stop.
• Fragile at run time.

MS SQL Server True “industry strength” database. • Very robust/scalable/powerful.
• Difficult for users to create instances.

Delimited Text Plain ASCII file with a <tab> or other 
delimiter to separate fields.

• Messy code.
• Users cannot use database/spreadsheet.

Table 1: Data connectivity options between Revit and Excel.



     41    

3.3 Solution Workflows
The basic workflow occurred in three steps:

•  Families were developed and placed in Revit.

•  An Excel file was created. In some cases the 
Excel data was imported from another program, 
specifically Ecotect in this project for obtaining 
solar radiation values. In other cases, all of the 
data manipulation was done in Excel.

•  The WhiteFeet program was launched from the 
Revit Add-ins menu. The name of the key pa-
rameter, the path to the Excel file and the name 
of worksheet and other settings were filled in. 
The synchronization process was launched from 
a command button.

The effect of these steps was to update the parameter 
values of all of the family instances. After the WhiteFeet 
program exited, Revit then regenerated the families, re-
sulting in the new form.

The initial development of the program was for use in 
creating complex building forms. These typically were 
tall towers that included changes in dimension and 
twisting of the plan geometry at each floor as seen in 

figure 8. In these studies, a family instance represented 
a floor. The geometry of the instance was independently 
controlled at the top and the bottom of the floor to give 
an overall smooth effect. Generic solids, mass objects 
and adaptive components were used successfully in 
this way.

Beginning with the sun shading explorations, the pro-
gram was adapted for use with families that constituted 
repeated instances of wall elements. In some cases 
these were simply arrayed families and in others they 
were panels imbedded in a Revit curtain wall family. 
The behavior was the same in both cases because Re-
vit allows the addressing of the imbedded families as if 
they were placed separately.

To make it easier to manage the families, a convention 
for defining their identifiers was used. In this, the rows 
were assigned letter names, the columns integer names 
and the cells were named by combining these two val-
ues. This was easily accomplished by creating three 
separate parameters, naming the rows and columns in 
elevation views where they could be selected as groups 
and using another WhiteFeet tool to concatenate the 
values to the ID parameter.

Figure 8: Example of Revit family instance (tower floor) and Excel data used to derive of the twisting geometry of the tower.

Parametric Control of BIM Elements for Sustainable Design in Revit
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As more complex surfaces were developed, the same 
process was applied to mesh surfaces containing adap-
tive component cells in the Revit Conceptual Design 
Environment.  Although the naming of the cells followed 
a similar strategy to the planar curtain walls, the irregu-
larities in the patterns necessitated a refined strategy for 
identifying the separate rows and columns. A special 
WhiteFeet tool was developed for this purpose. In some 
cases these needed to be assigned arbitrarily.

4.0 CASE STUDY: COMPUTATIONAL REVIT FAMILIES  
      AND PARAMETRIC CONTROL  
Revit and the WhiteFeet utility menu can be used to 
create parametric dynamic shading systems driven by 
Ecotect solar incidence data. A number of curtain wall 
and different shading method case studies were gener-
ated. As an example, in the following case study we il-
lustrate how a curtain panel pattern family can be used 

to panelize free-form surfaces with dynamic geometry.  
For modifying curtain wall pattern families, the suggest-
ed method is to nest complex geometries in separate 
families as seen in figure 9. This allows each compo-
nent of the curtain panel to be tested independently 
and properly “flexed” or tested in Revit with a range of 
possible values that would come from the solar radia-
tion data.

There are two different types of behavior in the hosted 
geometry within the conceptual design environment. 
When hosting points on other points, the created point 
will have a parameter named “Offset” shown in figure 
10. This specifies the point’s offset in the “Z” direction 
from the host point. The second hosted behavior is the 
“Hosted” parameter. This results when a point is hosted 
on a reference line. This parameter can range from 0 to 
1 and controls where on the hosted line the point falls. 
We call it a “Factor” parameter as seen in figure 11. 
This benefits the Revit family in several aspects.  First, it 

Figure 9: Example of nested families.

Figure 10: “Offset” and “Hosted” parameters in Revit.
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Figure 11: “Factor” parameter and adaptation of Revit family based on the value of the parameter.

Figure 12: Example of curved surface in Revit, solar radiation analytic data in Ecotect, and data values in Excel.

Parametric Control of BIM Elements for Sustainable Design in Revit
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allows the family to be modular and able to be plugged 
into other curtain panel pattern families as an adaptive 
component. Secondly, it accepts normalized data from 
Ecotect, which allows the family to respond to varying 
solar incident values depending on time of day or loca-
tion.

In order to align the Ecotect data with individual in-
stances of Revit panel families, several instance param-
eters 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 exported into a DXF file. This geometry can 
be imported into Ecotect to analyze incident solar radia-
tion and obtain solar radiation values based on building 
location and specific orientation of the panel. These val-
ues can be exported from Ecotect into an Excel spread-
sheet as seen in figure 12. The obtained solar radiation 
data needs to be normalized in order to align it with the 
Revit panel families to fit the 0 to 1 “Factor” parameter. 
The method for matching values obtained from Ecotect 
to “PanelId” Revit parameters is by concatenating rows 

and columns in Excel spreadsheet. This normalized, 
concatenated data is imported into Revit using White-
Feet utility menu and used to control the geometry of 
Revit panel families. The resultant is shown in figure 13, 
showing a surface where the shading elements for the 
curtain wall panels respond to solar radiation striking 
this curved surface.

5.0 CONCLUSION
Parametric design offers some advantages over tradi-
tional modeling methods, since it allows adaptation of 
an object through the use of rules and constraints or 
“parameters” to influence the object’s properties. These 
processes as well as parametric computational tools, 
are relatively new in architectural design. They enable  
the adaptation of model geometry based on rules or 
data values, eliminating the need to recreate the model 
for every design change. In essence, the benefits of 
parametric design are:

• Parametric modeling uses manipulation and ad-
aptation of object’s properties based on rules and 
data values.

Figure 13: Example of parametric control of shading elements in Revit.
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• Multiple design options and design iterations 
can be created by modifying object attributes 
and properties (such as dimensions or shape) 
without recreating the entire model.

• Analytical data  developed in response to envi-
ronmental constraints, or other types of logic-
based control, can be used to derive geometry. 

There are also limitations to parametric model design, 
which are:

• Parametric modeling requires use of advanced 
computational tools, which require investment 
and time.

• In some instances, this design method also re-
quires customization of software applications for 
implementation.  

• The logic behind the architectural design pro-
cess must be understood in order to be imple-
mented in the parametric design and it  can be 
difficult to express in quantifiable terms in some 
instances.

In this work we presented relationships between para-
metric design and sustainability, particularly focusing 
on building facade design and methods to reduce solar 
radiation. We have discussed the concepts of insolation 
and the dependency of the actual values on latitude 
and orientation of the surface in relation to the sun’s 
position. We have also discussed basic rules for the de-
sign of shading devices that are based on a building’s 
orientation as well as steps for optimizing performance 
of shading devices. These rules have been implement-
ed and parametrically tested on surface geometries 
using Maya modeling software and custom algorithm 
(MEL script), where positioning, sizing and typologies of 
shading devices are easily controlled and manipulated. 
These explorations showed that the parametric control 
of shading elements offers improved design method 
for the design of sustainable facades, but it was also 
necessary to investigate whether a similar method can 
be applied to Revit since this BIM platform is currently 
used for architectural design and documentation. We 
have tested a custom tool for Revit that can be used to 
import analytic data such as solar radiation values to 
control geometry of Revit families. 

This process proved beneficial for determination of 
building forms and parametric design of elements that 
respond to environmental constraints and data such as 
insolation. Future implementation and testing of this 
tool and process should focus on other applications and 
parameters, testing values such as wind velocity and 
response of the building form design. 

Additional Notes
A previous version of this work has been presented 
at the Autodesk University 2010 Conference. A re-
cording of the presentation and associated hand-
out material is available at: http://au.autodesk.
com/?nd=class&session_id=6854. 

The custom software may be downloaded from: http://
www.whitefeet.com/License.htm.
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