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RECENTLY, GROWING ENVIRONMENTAL 
concerns and rising energy costs have tre-
mendously increased the demand of sus-
tainable buildings. More and more, both 
public and private organizations are requir-
ing architects, engineers and constructors 
to design and build with minimal environ-
mental impact (Azhar and Brown, 2009). 

The most effective decisions related 
to the sustainable design of a facility can 
be made in the early design and precon-
struction stages. Traditional CAD plan-
ning environments typically do not have 
the capability of performing such analy-
ses in early stages of design development. 
Building performance analyses are typical-
ly performed after the architectural design 
and construction documents have been 
produced. This lack of continuous analy-
sis leads to an inefficient process of retro-
actively modifying the design to achieve a 
set of performance criteria (Schueter and 
Thessling, 2008). 

To assess building performance in the 
early design and preconstruction phases, 
access to a comprehensive set of data re-
garding a building’s form, materials, con-
text and technical systems are required. 
Because building information modeling 
(BIM) allows for multi-disciplinary infor-
mation to be superimposed within one 
model, it creates an opportunity for sus-
tainability measures to be incorporated in 
the design process (Autodesk, 2008).

reseArCh objeCtives And 
design

In order to evaluate the state-of-the-art 
and benefits of BIM-based sustainability 
analyses and design, a questionnaire sur-
vey was conducted. The target audience 
consisted of design and construction firms 
who use BIM technology and/or sustain-
able design/construction practices in most 
of their projects. These firms were identi-
fied through a published list of the top 100 
green contractors as of 2009, members of 
the AGC BIMForum, members of the build-
ingSMART alliance™, and direct contacts 

made within the architecture and construc-
tion industries. 

The questionnaire was launched on Oc-
tober 12, 2009, and closed on January 8, 
2010. Of the 145 respondents, the majori-
ty worked for architecture (44 percent) and 
construction companies (34 percent), fol-
lowed by design/build firms (16 percent) 
and BIM consultants (6 percent). It is im-
portant to note that the survey population 
was not selected using any statistical meth-
ods and hence the results should not be 
considered as statistically significant.  

The questionnaire was designed based 
on a skip-logic method, in which the se-
lection of the next question is based on 
the answer of the previous question. The 
skip-logic method prevents respondents 
from answering questions which they are 
not qualified to answer. The questionnaire 
had two skip-logic questions. The first 
skip-logic question identified the survey 
respondents currently using BIM. Of the 
145 respondents, 131 (90 percent) were 
using BIM technology in their projects; 
while 14 respondents (10 percent) were 
non-BIM users. No further questions were 
asked from the later group and the rest of 
the respondents were directed to the sec-
ond skip-logic question which identi-
fied the respondents currently employing 
BIM-based sustainability analyses/design 
measures in their projects. Of these 131 
respondents, 87 (66 percent) were using 
BIM-based sustainability practices; while 
44 (34 percent) were not using BIM for this 
purpose. The rest of the questions were di-
rected to the earlier group and the impor-
tant findings are discussed in the following 
section. 

MAjor Findings
In the first question respondents were 

asked to select the types of building per-
formance analyses (or sustainability anal-
yses) they typically perform for building 
projects. The terms sustainability analyses 
or building performance analyses, as used 
in this paper, refers to various assessments 
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and evaluations conducted to determine a 
building’s environmental performance.

The results are shown in Figure 1. 
The most common analyses were found to 
be energy analysis, daylighting/solar anal-
ysis, building orientation analysis, mass-
ing analysis and site analysis. Forty-five (52 
percent) respondents also indicated that 
they prepare LEED® documentation as part 
of the building performance analyses. Four 
(5 percent) respondents selected the other 
option and their responses were structural 
and mechanical systems analyses.

The next question inquired about the 
project stage(s) in which sustainabili-
ty analyses are typically performed. Sixty-
seven (77 percent) respondents indicated 
that they are using BIM-based sustainabil-
ity methods at the design/preconstruction 
stage. Fifty-one respondents (59 percent) 
answered that they are employing these 
methods at the planning/pre-design stage. 
All these respondents were architectural 
and design/build firms. Seventeen (19 per-
cent) answered construction stage and 10 
(11 percent) answered post-construction 
stage (mostly construction firms). Three 
(3 percent) respondents selected the other 
option and their responses were GIS Map-
ping and Building Automation. These re-
sults are illustrated in Figure 2.

In the following question, respondents 
were asked to subjectively estimate the 
amount of time savings realized through 
the use of BIM-based sustainability analy-
ses as compared to the traditional analyses. 
The available choices were significant time 
savings, some time savings, no time savings, 
some time losses, and significant time loss-
es. Of the 87 respondents, 47 (54 percent) 
stated that they are realizing some time 
savings, 20 (23 percent) respondents stated 
they are experiencing significant time sav-
ings, while 17 (19 percent) respondents se-
lected no time savings. Three (4 percent) 
respondents chose some time losses. These 
results are shown in Figure 3. 

Respondents were also asked to sub-
jectively estimate the monetary savings. 



28    Journal of Building Information Modeling Spring 2010    29 Spring 2010    29 

Lifecyle / Technology Spotlight

The available choices were significant cost 
savings, some cost savings, no cost sav-
ings, some monetary losses, and significant 
monetary losses. Similarly to the last ques-
tion, the majority of respondents, 44 (51 
percent), answered that they are achieving 
some cost savings. Twenty-three (26 per-
cent) respondents answered that they are 
achieving significant cost savings. The re-
maining 20 (23 percent) respondents an-
swered that they are achieving no cost 
savings. No respondents selected some 
monetary losses or significant monetary 
losses as shown in Figure 4. Based on 
the results of these two questions, it can be 
inferred that most of the firms are experi-
encing some-to-significant time and cost 
savings through BIM-based sustainabili-
ty analyses as compared to the traditional 
methods.

Respondents were also asked to se-
lect the building performance analy-
ses software(s) being used by their firms. 
Fifty-one (59 percent) respondents se-
lected Autodesk® Green Building Studio 
(GBS)TM. Thirty-six (41 percent) respon-
dents chose Integrated Environmental 
Solutions®’ Virtual Environment (VE)TM. 
An equal amount, 36 (41 percent), stat-
ed that they are using Autodesk® Eco-
tectTM. Twelve respondents (14 percent) 
selected other software, including He-
vacompTM, Energy PlusTM, DelightTM,  
RadianceTM, HEEDTM, HomerTM, Virtual 

Figure 4. Cost savings realized through BIM-
based sustainability analyses.

Figure 5. Building performance analyses 
software preferences.

Figure 6. Level of satisfaction for BIM-based 
sustainability analyses as compared to 
traditional methods.

Figure 2. Project stages for employing BIM-
based sustainability analyses.

Figure 3. Time savings realized through 
BIM-based sustainability analyses.

DOETM, Bentley HEVACOMPTM, Bentley 
TASTM, and Climate ConsultantTM. These 
results are shown in Figure 5, which in-
dicates that the three most popular build-
ing performance analyses softwares are 
Green Building StudioTM, Virtual Environ-
mentTM, and EcotectTM. This paper does 
not endorse any software in any capacity.

At the end, respondents were asked 
to rate the levels of satisfaction realized 
through BIM-based sustainability analy-
ses as compared to the traditional meth-
ods of sustainability analyses. The results 
are shown in Figure 6. Twenty-three (27 
percent) respondents were highly satisfied 
while 40 (46 percent) respondents achieved 
some level of satisfaction. Nineteen (22 
percent) respondents stayed neutral while 
4 (5 percent) respondents were dissatisfied. 
As a whole, it can be concluded that most of 
the respondents were satisfied up to a cer-
tain degree.

ConClusions
Based on the stated results, the ma-

jor findings of this research project can be 
summarized as follows:

The majority of practitioners who are •	
employing BIM-based sustainabili-
ty analyses are primarily architects and 
design/build firms.
Practitioners typically use BIM-based •	
sustainability analyses at the planning 
and design stages.

The analyses types with the most prev-•	
alent use are energy analysis, daylight-
ing/solar analysis, building orientation 
analysis, massing analysis and site anal-
ysis.
Practitioners implementing BIM-based •	
sustainability analyses are realizing 
some-to-significant time and cost sav-
ings as compared to the traditional 
methods.
The software types which seem to have •	
the most use, at the time of this re-
search, were Autodesk EcotectTM, Au-
todesk Green Building Studio (GBS)TM, 
and Integrated Environmental Solutions 
(IES)®’ Virtual Environment (VE)TM.
Practitioners are achieving some-to-•	
high degree of satisfaction in regard to 
results when compared with the tradi-
tional sustainability analyses. n
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Figure 1. Types of BIM-based performance 
analyses typically performed in the 
respondents’ firms.


