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Abstract

The first decade of the twenty first century has witnessed a tremendous increase in the
demand of sustainable buildings mainly due to mounting energy costs and growing
environmental concerns. The most effective decisions related to the sustainable design of a
building can be made in the planning and design phases. Since Building Information
Modeling (BIM) allows for multi-disciplinary information to be superimposed within one
model, it creates an opportunity for sustainability measures to be incorporated early in the
design process. This paper presents findings of a research project to investigate the feasibility
of BIM for sustainability analyses via a case study. Based on the collected data, it is found
that BIM can significantly aid in performing complex building performance analyses to
ensure an optimized building design. The designers can also use these results to generate
necessary documentation for LEED® certification (a green building rating system used in the
USA), thereby saving considerable time and resources.

KEYWORDS: Sustainability, Green building design, Building Information Modeling,
Building performance analyses

INTRODUCTION

According to the World Commission on the Environment and Development, sustainable
design is defined as a development meeting contemporary design and construction
requirements without compromising the ability of future generations to meet their own needs
(Bruntland commission, 1987). Sustainable design is based on a number of factors, primary
of which are climate, culture, place, building type, and resources consumption. With the
rising cost of energy and growing environmental concerns, the demand for sustainable
buildings is growing day by day. Both public and private organizations are increasingly
requiring architects and contractors to design and construct buildings with minimal
environmental impact (Azhar and Brown, 2009).

The most valuable decisions related to the sustainable design of a building can be made in the
planning and design phases. Traditional CAD-based planning environments, however, do not
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support the possibility of such early decisions (Azhar et al., 2009). Building performance
analyses are typically performed after the architectural design and construction documents
have been completed. This lack of continuous analysis of sustainability in the planning and
design process leads to an inefficient process of retroactively modifying the design to achieve
a set of performance criteria (Schueter and Thessling, 2008). In order to assess building
performance in the early design and preconstruction phases realistically, access to a
comprehensive set of knowledge regarding a building’s form, materials, context, and
technical systems are required. Since Building Information Modeling (BIM) allows for multi-
disciplinary information to be superimposed within one model, it creates an opportunity for
sustainability measures and performance analyses to be performed throughout the design
process (Autodesk, 2008; Schueter and Thessling, 2008). The term building performance
analyses (or sustainability analyses), as used in this paper, refers to various assessments and
evaluations (e.g. building orientation, day lighting analysis, building massing, energy
analysis, etc.) typically conducted to determine a building’s environmental performance.

Krygiel and Nies (2008) indicated that BIM can aid in the following aspects of sustainable
design.

e Building orientation (to select the best building orientation that results in minimum
energy costs)

e Building massing (to analyze building form and optimize the building envelope)

e Day lighting analysis

e Energy modeling (to reduce energy needs and analyze renewable energy options such
as solar energy)

e Water harvesting (to reduce water needs in a building)

o Sustainable materials (to reduce material needs and to use recycled materials)

o Site and logistics management (to reduce waste and carbon footprints)

A recent survey of the 145 design and construction firms in the USA indicated that the
practitioners implementing BIM-based sustainability analyses are realizing ‘some-to-
significant’ time and cost savings as compared to the traditional methods (Azhar, 2010). The
combination of sustainable design strategies and BIM technology has the potential to change
the traditional design practices and produce a high-performance facility design. One such
effort in the Columbia campus of the University of South Carolina resulted in approximately
$900,000 savings over the next ten years at current energy costs (Gleeson, 2008).

For projects pursuing LEED® (Leadership in Energy and Environmental Design) certification
(a green building rating system used in the USA), many LEED® credits require that drawings
be submitted to support the qualification for credit. Although most of these drawings can be
prepared using conventional CAD software, BIM software produces these drawings more
efficiently as part of the building information model and have the added advantage of
parametric change technology, which coordinates changes and maintains consistency at all
times. Thus user does not have to intervene to update drawings or links. Similarly, such
models carry a wealth of information for many other aspects of sustainable design and/or
LEED® certification process. For instance, schedules of building components can be obtained
directly from the model to determine percentages of material reuse, recycling, or salvage.
According to Autodesk (2005), up to 20 points for LEED® certification can be facilitated
using BIM.
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OBJECTIVES AND METHODOLOGY

The study reported in this paper is part of an ongoing research project to evaluate the use of
BIM for sustainable design and LEED® certification process. Some finding of this research
project can be found in Azhar and Brown (2009). This paper will specifically discuss the role
of BIM for building performance analyses. The necessary data were collected via a case
study of the DPR Construction Inc. headquarters building which is a 52,300 ft? LEED® Gold
certified facility located in Sacramento, California, USA. Figure 1 shows the front elevation
of this building (left) and its resulting building information model (right).

Figure 1: DPR Construction Inc. Headquarters, Sacramento, CA (Courtesy of: DPR Construction)

For this project, building performance analyses were conducted in two phases. As the
building was seeking LEED® certification and compliance with California’s Energy
Efficiency Standard for Residential and Non-residential Buildings, also known as Title 24,
energy calculations were performed when the building was originally designed and
constructed in 2002, and were finalized during the preparation of the construction drawings.
These original analyses were performed by the design-build mechanical contractor, Airco,
using EnergyPro™ software (a non BIM-based software). This software was chosen due to its
compatibility with Title 24. Based on the original energy code compliance calculations, the
building facility was estimated to have a 20% improvement over Title 24, which translated
into a predicted $25,000/year energy cost savings.

The second phase of analyses was conducted in 2008 in response to numerous clients’
requests for feedback on how DPR’s LEED® rated facilities are performing over time. As this
was an issue in which DPR was also interested, they chose to conduct analyses to determine
actual performance versus designed performance of their own headquarters building. In order
to conduct these analyses, DPR created a building information model of the facility (see
Figure 1) and imported it into I1ES Virtual Environment™ (VE™) software to conduct various
building performance analyses. The input and output data associated with these analyses is
presented in Figure 2. Analyses performed by DPR included energy analysis, solar analysis
and cost/benefit analysis. After conducting these analyses, DPR compared the results to the
documented energy usage and expenditures of the building facility for the year of 2007.
Researchers collected information about these analyses from the DPR construction via a
questionnaire survey, telephonic interviews and e-mail exchanges. The main findings of this
case study are reported in the following section while more details can be found in Brown
(2009).
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Figure 2: Input/Output Dataflow for DPR headquarters’ building performance analyses

DATA ANALYSIS, RESULTS AND DISCUSSION
Data Input
Building orientation and other contextual data

To conduct the building performance analyses, DPR incorporated multiple types of
contextual information into the IES Virtual Environment™ (IES-VE™) software. To
simulate the effects of the buildings orientation within its immediate context, as well as its
overall geographic location, information related to its site location was entered in the
software. Site related data input also included weather data for a typical year. This
information is entered through an integrated IES-VE™ interface known as Location and
Weather Data Wizard. Through the use of this wizard, location data including city and state,
latitude, longitude, altitude, and time zone was extrapolated and associated with the
simulation. DPR was also able to affect the performance analyses by defining the time period,
in months, in which the simulation was to take place. In addition to this information, DPR
defined detailed site information relating to the impacts of the immediate site. This included a
ground reflectance rating, terrain type, as well as a wind exposure rating. For an example of
this interface, see Figure 3 (DPR Construction Inc., 2008).
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Figure 3: IES Virtual Environment™ — Site Location Data Interface (Courtesy of: DPR Construction)

HVAC system

Input data related to the type of HVAC system was also entered into the IES-VE™ system.
This process is supported through an interface which allows a user to define the type of
HVAC system. After selecting a system type, information is entered which defines the
facility’s heating system type and properties. Among the types of information available for
selection or input include fuel type (such as natural gas), generator seasonal efficiency, and
heating delivery efficiency. Cooling system information which is entered includes cooling
mechanism type such as air conditioning, generator type, heat rejection pump and fan power,
as well as cooling delivery efficiency. Additionally, the user is able to include information
pertaining to auxiliary equipment such as fans, pumps, and controls. An example of this
interface is shown in Figure 4 (DPR Construction Inc., 2008).

User defined
[~ rI‘ )
dystem lype
LI NCM systam type Crual-duct VAV LI NCM systam weard Domestic Hot Water
Apacte System
Name ACOL+-1
Fieatng Sysem
= T T oo e ot Heating
o
Hesting delvery sfficency SCoP 0.5854
Verk_ heat recovery of 0.00000 Hest recovery rebum sirbemg | 72.00 ¢ O Sodder Banding
Codling System
Cooleg macharvim [ conctionng -
Generator (og chiler) Fuel [Drectricey v Generstorsessondlen [ 39000 Generator sce | 1383.831 kexuh (-‘ ].
() o
st rejection pumg & fan power [ 10.0000 % Candreg debrvary affcierscy SSEER 12916 400111 ]-T“.
Aupdary erwrgy (Fans, pumps & controks)
dupdhary energy vase 44624 B fts equivalert to | Bty based on 295 hours system operation
Outside sir supply (system sr supphy’ in Vista)
Supply condtion Extomal or - Masanun fow rate | dm
= — Fans. Pumps
acling s supply sing ans, rumps
Air supply temperature dfference (0 for o szing) W00 °F
Ay mecharical verklation (set on Ar Exchangs tab)

Figure 4: IES Virtual Environment™ — HVAC Data Interface (Courtesy of: DPR Construction)
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Building envelope and space usage

Also contributing to the energy usage assessment was data which defined the materials used
for the building envelope, as well as space usage data. The building envelope information
was defined, based on architectural drawings and specifications, as an assembly. This
assembly’s material properties, such as R-value and material mass, were then evaluated by
the IES-VE™ to determine the effect of the envelope on building energy performance. Space
usage data was also entered which defined the quantity of people expected to use the space,
lighting types, and equipment types. These factors were combined to determine internal gains
to the cooling load as shown in Figure 5. These internal gains were supplemented by
occupancy schedules which evaluated the facility based on an estimated daily and weekly
usage (DPR Construction Inc., 2008).
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Figure 5: IES-VE™ — Envelope and Space Data Interfaces (Courtesy of: DPR Construction)

Building Performance Analyses Results

Energy analysis

By methodically defining the facility through the set of criteria presented in this study, IES
Virtual Environment™ was able to determine the energy performance of the building. This
performance analysis resulted in a graph illustrating the heating and cooling load quantities as
the building would experience throughout a typical year. Also provided were the yearly
heating and cooling system CO, emissions, categorized by month. These results are
illustrated in Figure 6 (DPR Construction Inc., 2008).
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Figure 6: IES-VE™ — Envelope and Space Data Interfaces (Courtesy of: DPR Construction)

Other results which were produced include the facility’s natural gas usage and electricity
usage. These results were compared to the actual results as documented post-occupancy by
DPR. The model value versus actual value comparisons are shown in Figures 7 and 8 (DPR

Construction Inc., 2008).

rms - Actual

Therms - Model

September October MNovember December

August

April May June July

March

February

Model Value % Differnce

January

Natural Gas 4.310

Figure 7: Results — Energy Usage by Fuel — Natural Gas (Courtesy of: DPR Construction)
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Figure 8: Results — Energy Usage by Fuel — Electricity (Courtesy of: DPR Construction)

Solar shading device analysis

In addition to the energy analysis, a separate analysis was performed with the intent of
evaluating the amount of building area which would experience direct solar incidence. This
analysis was performed both with and without the shading devices. As shown in Figure 9,
without the sun shading devices, the percent area of direct solar incidence would total 67.12%
of the total surface area of the building. When the sun shading devices were introduced into
the model, the percent area of direct solar incidence was reduced to 48.17%, providing a 19%
reduction in building facility surface area experiencing direct solar incidence which could
further help to reduce the energy costs.
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Figure 9: Results — Energy Usage by Fuel — Electricity (Courtesy of: DPR Construction)
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Benefits of BIM-based Building Performance Analyses

In regard to cost savings realized through the building performance analyses, DPR realizes
approximately $28,000/year in energy savings or 27 percent less than BOMA (Building
Owners and Managers Association) industry average for office buildings in the building’s
geographic region. This is an improvement on the original design, which estimated a 20
percent improvement over the California standard energy code or Title 24. As previously
mentioned, the 20 percent improvement would have resulted in an energy costs savings of
approximately $25,000/year. One of the motivating factors in conducting the energy analysis
was for DPR to determine how their projects are performing. These results clearly indicate
that their building is performing within 10 percent of the actual energy usage. Therefore, the
results confirm that the building is performing in accord with the original design intent as
well as the simulations. It can therefore be concluded that their current BIM-based building
performance analyses methods are, in fact, accurate and effective. DPR was not able to
quantify an amount of time savings as they did not have documentation for any type of
comparative analysis.

Future Risks and Challenges

In regard to foreseen future challenges, DPR stated that the most significant challenges faced
by the company are:

1. Lack of interoperability between various BIM-based applications.

2. Mechanical design community slow to embrace BIM-based energy analysis
applications. This is because a non-BIM based analysis software is currently approved
and used for sustainability related analyses (known as DOE-ZTM).

3. No BIM-based energy analysis applications certified by the California Energy
Commission (CEC). DPR believes that if the CEC approved IES-VE™ for Title 24
compliance, more mechanical engineers would be open to adopting BIM-based
sustainability analysis.

CONCLUSIONS
The main findings of this study are as follows:

e Client requests for information regarding the performance over time of DPR
Construction’s LEED® certified facilities were the primary factor leading to DPR’s
comparative analysis.

o DPR realizes $28,000/year in energy savings. Although this savings is a result of non-
BIM based energy analysis, DPR’s comparative analysis concluded that the BIM-
based evaluation methods they currently use perform as well, if not better, than this
result.

e DPR’s current method of energy analysis, which is BIM-based, saves the company, as
well as other project stakeholders both time and money.

e Risks and challenges of BIM-based building performance analyses include lack of
interoperability between various BIM-based applications, the relative slowness of the
mechanical design community in adopting BIM, and a lack of BIM-based analyses
applications certified by the California Energy Commission.
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