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Liliana O. Beltrán1, Kiyoung Son1 and Kyungki Kim2

1Department of Construction Science, Mail Stop 3137, Texas A&M University, College Station, TX 77843-3137, USA
2Department of Civil Engineering, Texas A&M University, TX, USA

Abstract

Architects, designers and engineers involved in a sustainable design project often require information and tools

beyond energy simulation software. They look for tools to support their decisions and to assess the risk involved

in decision making. This research presents a framework that links building performance assessment tools with

the Leadership in Energy and Environmental Design (LEED) rating system. The objective is to bridge the gap

between architects, engineers, contractors, facility managers and LEED professionals. This work provides

information about performance tools that can be used in the different phases of design, construction and

operation of a LEED-rated building. This research presents a three-dimensional matrix of the ‘right tool for the

right job at the right time’ by linking LEED credits, software tools and phases of building design, construction

and operation. Overall, the findings of the research demonstrate that the framework can be used to achieve

21% of total possible LEED 3.0 credits by providing about 36% of total possible points.

B Keywords – Decision making tools; LEED 3.0 credits; performance tools; risk assessment

INTRODUCTION

Green building (GB) assessment systems are

anticipated to foster more sustainable building

design. According to Retzlaff (2008), better

integration of environmental concerns with cost and

decision criteria leads to better construction and

operation. Building assessment systems approach

this task from different perspectives, but with certain

elements in common. The majority of assessment

systems typically address:

l site selection criteria and demands for

transportation services;

l efficient use of energy and water resources during

building operations;

l waste management during construction and

operations;

l indoor environmental quality; and

l selection of environmentally preferable materials.

These assessment systems claim to foster and

facilitate integrated design practices and a holistic

approach. The US Department of Energy (DOE)

defines a rating system as ‘a system of rules for

comparing the performance of a whole building or

building system to benchmarks’. GB rating systems

form a subset of building assessment systems

whose primary role is to provide a valuation of

the environmental characteristics of a building

(Cole, 1999).
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GB rating systems, such as BREEAM (British

Research Establishment Environmental Assessment

Matrix), GB Tool and LEEDw (Leadership in Energy

and Environmental Design), have provided the basis

for rating buildings. These systems require designers

to consider several aspects of design not addressed

by building codes.

According to Keysar and Pearce (2009), there is a

growing trend towards designing high-performance

buildings with the least environmental impact and

the highest level of occupant comfort. Likewise,

Gowri (2005) has suggested that a greater

consciousness towards high-performance buildings

has led to an increase in the number of resources for

design. This trend is based on the fact that informed

choices made in the early phases of a design

regarding energy efficiency, cost and selection of

environmentally preferably materials have proven to

be advantageous. According to Keysar and Pearce

(2009), ‘Architects and Engineers are looking for

information on sustainable building materials,

guidelines, case study information, database,

resources to evaluate the life cycle assessment, and

resources to obtain environmental impact analysis,

or green building rating’. Several resources, such as

ASHRAE design guidelines, whole building design

guidelines and building performance simulation

(BPS) tools, emerged during the 1980s, helping

architects and engineers create more energy

efficient and sustainable buildings. Harputlugil (2009)

explains how building performance modelling/

simulation tools have become gradually more

important for assessing design decisions and,

subsequently, building performance during the

design process.

According to Robinson (1996), a parallel exists

between the early years of building commissioning

and green assessment systems. In the early stages,

both showed potential for making construction more

reliable and efficient, but the tools became too

numerous and complex. A framework that organizes

a tool’s aim and performance has become essential

in order to achieve a reliable decision support

system (Vafaie et al., 2006). Selecting the right tool

for the right task is made complex by the multiplicity

of available tools. Specifically, Retzlaff (2008), Vafaie

et al. (2006), Mackley et al. (2000), Gowri (2005) and

Keysar and Pearce (2009) advocate for a decision

support framework that links the best tools for the

task of finding LEED 3.0 prerequisites and credits.

Therefore, the objective of this article is to create a

matrix that can aid in decision making about which

tool is best to achieve a LEED 3.0 credit.

LITERATURE REVIEW

Energy and environmentally conscious design is a

developing field of knowledge that helps implement

design strategies and assess them using software

applications. According to Gowri (2005), this pool of

knowledge is constantly evolving with improved

technology and user comfort. A substantial pool

of GB tools has emerged, and the challenges

associated with finding the right tool for the right job

are significant (Vafaie et al., 2006).

According to Keysar and Pearce (2009), ‘the

designers who are new to the concept of GBs need

assistance to reduce the overhead effort required to

find the right tool for achieving project sustainability

goals’. Moreover, Retzlaff (2008) states, ‘Building

assessment systems allow planners to examine

whether buildings and developments meet

sustainability goals, but no framework exists to help

planners choose among them’.

Flanders et al. (2001) state that one problem in

decision making for LEED credit achievements is

inefficiency in accessing available tools and a lack of

knowledge about their capability to usefully deliver

information. ‘There is a knowledge deficit regarding

what tools are available and potential benefits

associated with their use; this deficit is slowing the

adoption of green building rating systems’ (Mackley

et al., 2000). Notably, the literature review reveals

that the software tools available have issues, such

as multiple capabilities and interoperability, which

give rise to confusion about their usability (Hopfe

et al., 2005). Also, most BPS tools are developed by

technical researchers, building scientists or heating,

ventilating and air conditioning (HVAC) engineers,

but are primarily used by architects and engineers.

Developers are mainly concerned with empirical

validation, analytical verification and calibration of

uncertainty as defined by the International Energy

Agency Building Energy Simulation Test (Hong et al.,

2000). Thus, there is an increasing gap between the
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software tools developed and their users (Attia et al.,

2009).

‘In order to bridge this gap there is a need to

understand that decision making is also a human,

psychological and social discipline because it

directly involves man-computer interaction and

human knowledge processing, while enriching

human experience’ (Attia et al., 2009). Therefore,

it is important to understand architects’, facility

managers’ and LEED professionals’ problems in

interacting with such tools. According to Attia et al.

(2009), every professional has a different background

and different knowledge processing method;

typically building construction professionals are

visually oriented. In addition, the integration of

energy codes and rating systems such as LEED,

ASHRAE 90.1, etc., prove that disciplines are

merging (Attia et al., 2009).

In order to optimize the dynamic interaction

between building systems and components, it is

necessary to improve the integration and alliances

between engineers, architects and constructers.

Thus, to reduce the differences between the logical

model and the realities of the Architecture,

Engineering and Construction (AEC) industry, it is

imperative that the professionals share a common

platform.

DECISION SUPPORT TOOLS (DSTS)

Webster’s dictionary defines tool as ‘a device that aids

in accomplishing a task or something that is used in

performing an operation or something necessary in

the practice of work’. Broadly, a tool may be defined

as an entity used to interface between two or more

domains that facilitate more effective action of one

domain upon the other.

Kapelan et al. (2005) define DSTs as any

resource used as a part of the formal or informal

decision process. Also, Canada Mortgage and

Housing Corporation (CMHC, 2004) defines a DST

as any resource that ‘informs the decision making

process by helping actors understand the

consequences of different choices’. DSTs are used

by decision makers to help answer questions,

foresee problems and probable solutions, and

support and refute conclusions. DSTs assist with

the use of data, models and a structured decision

process in decision making; for example, tools

may be websites, publications, software,

databases or a check-list/matrix. According to

Keysar and Pearce (2009) the main purpose of

DSTs is to help make appropriate decisions. A

large number of DSTs for sustainable design and

construction are available on the internet. These

range from online design manuals, case-study

information, databases and software tools. A

typical internet search for sustainable building

design tools identifies more than 700,000

documents containing some sort of reference to a

sustainable building design tool (Gowri, 2005). This

overwhelming interest in sustainability makes it

difficult for designers to identify the appropriate

tools or information (Gowri, 2005). According to

Gowri, the available resources are classified under

the following categories:

l knowledge-based tools,

l performance evaluation tools,

l GB rating tools.

KNOWLEDGE-BASED TOOLS

Knowledge-based tools typically provide both

qualitative as well as quantitative performance

indicators. According to Ding (2007), quantitative

criteria are comprised of annual energy use, water

consumption, greenhouse gas emissions, among

others, whereas qualitative criteria include impact

on the ecological value of the site, impact on local

wind patterns and so on. For example, knowledge

design manuals and information sources, such as

reference guides and peer reviewed journals, can

be used by designers as reference materials for

design strategies, new technologies, material

properties, cost data or case study information.

They may be reference guides or peer-reviewed

journals, also.

PERFORMANCE EVALUATION TOOLS

Performance evaluation tools provide quantitative

performance indicators for various design

alternatives (Ding, 2007). Performance evaluation

tools include life-cycle impact assessment, new

technology assessment tools used for selection of

materials and technologies, as well as analysis and
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simulation tools for calculating energy consumption,

lighting and indoor environmental quality. According

to Gowri (2005), these tools are mostly used in the

preliminary design stages and in the whole building

performance evaluation process.

GB RATING TOOLS

The primary role of a GB rating tool is to provide a

valuation of the environmental characteristics of a

building (Cole, 1999; USGBC, 2009). GB rating tools

help determine a design’s performance requirements

and level of energy efficiency and environmental

consciousness. Every GB rating system has a format

or a spreadsheet to help designers track design

criteria, documents proposed and design

performance, and calculate the number of credits that

can be obtained towards an overall rating. They use a

common and verifiable set of criteria and targets for

building owners and designers to achieve higher

environmental standards. These tools play a vital role

in laying down fundamental regulations and providing

a path for the building industry to move towards

environmental protection and the goal of

sustainability (Ding, 2007).

LEEDw 3.0 RATING SYSTEM

Since its inception in 1998, the US Green Building

Council’s LEED has established strong credibility

among experts and has also increased its number of

affiliates (Ding and Langston, 2002). According to

Bowyer (2007), the LEEDw system is comprised of

7,500 companies and organization members. This in

itself validates its importance as the standard

environmental performance measure of buildings

and the reference system for the design,

construction and operation of GBs, even beyond

the US (Muse and Plaut, 2006). Adaptations of the

LEEDw system have been applied, or are in the

process of implementation, in Brazil and Mexico,

two of the largest developing economies in the

Western hemisphere (Lockwood, 2006).

Furthermore, the LEEDw system is used as a

reference framework for GB assessment in countries

where there is no current method of building

environmental assessment (Lockwood, 2006). The

LEEDw rating system is based on credits and points;

through each credit, the system evaluates the

building’s performance and awards points if the

requirements in categories like sustainable sites,

indoor environmental quality, and materials and

resources are satisfied.

LEED v.3 is the first major change to LEED since

version 1.0 was released in 1999. In this new

version, the United States Green Building Council

(USGBC, 2009) has made some major changes

demanded by the GB industry. For example,

cleaning up a brown field site involves far more

effort and resources than using a low-emitting

carpet, but in the previous system, both received

one point.

According to USGBC, the LEED v.3 rating system

contains a greater emphasis on energy and climate

because of acknowledgement that the energy

consumed in buildings is a leading cause of global

climate change. Currently, a project can achieve

LEED Gold, for example, with minimal energy

savings compared to a non-LEED building. It is up to

the project team to choose which strategies make

sense for that project.

According to Sturgeon (2009), the ability for

project teams to pick and choose from LEED’s

menu-based system is one reason why it has been

readily adopted in the marketplace. The essential

essence of the menu-based system does not

change with LEED 2009. What changes is a

weighting of the points towards a series of priority

issues. Also, the two main issues that surfaced

during USGBC’s extensive life-cycle assessment

analysis process were climate change and energy

efficiency (Sturgeon, 2009). In order to

accommodate this weight revision, the possible

points available increased to 110, as compared to

the 69 previously available in LEED-NC. Another

criticism of LEED has been that it was not

regionally based. For example, issues of humidity

and natural cooling are different in various climates.

LEED 2009 addresses this issue by providing four

new points for regional issues in the new LEED 2009

rating system.

PERFORMANCE TOOLS AND LEED

RATING SYSTEM

A number of decisions must be made during the

LEED process. The majority of LEED credits are
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outcomes of site context, design exploration and

brainstorming; therefore, they are difficult to

support with performance assessment tools

(Harputlugil et al., 2007). However, LEED credits

typically require performance assessment,

calculations, verifications or detailed reports; this

requires the comparison of a set of well-defined

challenging decision options (alternatives). The

fitness of an option is typically expressed in terms

of its efficiency in certain performance categories.

The combination of all performance measures of a

tested option quantifies the fitness of that option

to meet or exceed the requirements as expressed

in the LEED set of requirements. Through

simulation, performance tools calculate a variety

of outcomes of the proposed design, such as

energy consumption, performance of heating and

cooling systems, visual and thermal comfort,

dynamic control scenarios, smoke and

fire safety, distribution of airborne contaminants

and the growth of moulds (Augenbroe and

Hensen, 2004).

RESEARCH METHOD

This article aims to provide practitioners with a

framework that allows a quick selection of tools that

address specific LEED 2009 credits. The information

regarding DSTs was collected through a literature

search of peer-reviewed journals, books, research

reports, dissertations, reference guides and online

software tools available through search engines and

recently published materials. The search was limited

to readily accessible tools and resources via internet

with a particular focus on software development and

websites. The primary identification method was a

web search on the terms ‘Decision support tool’ and

‘Green building tool’. The criterion was that tools

must be related to GB in order to be included in the

database.

Once the data regarding relevant DSTs were

collected, an inventory was created. The list was

prepared in Microsoft Excel and was updated

from time to time. The information collected on

DSTs included the name of the organization

that created the DST; the web link to the tool;

cost, if any, to access the tool; and a brief

description.

IDENTIFICATION OF LEED 3.0 CREDITS

REQUIRING DSTS

LEEDw credits along all LEEDw categories (namely,

sustainable sites, water efficiency, energy and

atmosphere, material resources and indoor

environment and air quality) were identified, based

on the requirement of decision making. In other

words, those credits that require decision support or

assessment of the context in the form of exact

numbers, minimum performance or performance

verification were part of the study.

Through each credit, the proposed rating system

evaluates the performance of a building in terms of

the characteristics of LEEDw categories, such as

contribution to minimum energy performance, indoor

environmental air quality, day lighting, water efficiency

and emissions of indoor pollutants. These credits

were identified through a detailed study on the LEEDw

3.0 reference guide by the USGBC. All credits that

require either verification of minimum performance or

performance assessments in their set of requirements

were identified and included in the list. A list of LEEDw

credits that require decision support was prepared

and compiled (see Table 1).

SOFTWARE CAPABILITIES AND FEATURES

BASED ON AVAILABLE RESOURCES

Based on a study of recent surveys (Hopfe et al., 2005;

Attia et al., 2009) and a list of tools suggested by USGBC

for energy simulation, eight leading tools were

identified and selected for the research. The selected

tools appear to be the most used tools in the industry,

capable of creating detailed analyses and calculations

in different phases of building design and

construction. Following is the list of selected tools:

l Autodesk Ecotect Analysis (2010),

l HEED,

l Energy 10 (E10),

l Design Builder (DB),

l e-QUEST,

l Green Building Studio (GBS),

l IES VE,

l Energy Plus Sketch Up.

Detailed information about the software tools’

features, capabilities and potential was collected
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from software manuals and reference guides. In

addition to the data from software manuals, a

database regarding the capabilities and potential of

these software tools is available in the form of a

research paper (Crawley et al., 2006) (see Table 2).

DATA ANALYSIS

This logic can be used to link the set of selected

performance tools with LEED credits requiring

decision support. With reference to the subsequent

equation, assume that Table 1 is ‘A’, the software

TABLE 1 LEED credit requiring decision support

LEED

CREDITS

LIST OF LEED 2009 CREDITS REQUIRING

DECISION SUPPORT

LEED EXPRESSED REQUIREMENTS

Sustainable sites

C7.1 Heat island effect, non-roof † Calculate shade coverage at 10 a.m., 12 p.m. and 3 p.m. at summer solstice

C7.2 Heat island effect, roof † Calculate SRI for different slopes and obtain reflectance value, consideration

for climate

Water efficiency

P1 Water use reduction † Calculate baseline water use

Energy and atmosphere

P1 Fundamental commissioning of the

building energy systems

† Develop basis of design to set energy efficiency, and environmental goals

† Make primary design assumptions, space zoning, HVAC sizing, climatic

design condition

P2 Minimum energy performance † Whole building energy simulation, calculate energy use by type

† Buildings envelop compliance documentation

† Performance rating reports

† Table for energy-related features included in design

C1 Optimize energy performance † Calculate baseline building energy performance using computer simulation

model

C2 On-site renewable energy † Express energy produced by renewable energy systems as percentage of

building annual energy cost

C5 Measurement and verification † Concepts and options determining energy savings

† Calculate hypothetical energy performance of baseline systems, estimate

through whole building simulation

C6 Green power † Determine baseline electricity use

Indoor environmental and air quality

P1 Minimum IAQ performance † Determine system ventilation efficiency, ventilation rate procedure

calculations

C2 Increased ventilation † Design natural ventilation system and use diagrams and calculations to

show compliance with CIBSE manual 2005

C7.1 Thermal comfort, design † Design HVAC system and building envelop to meet ASHRAE 55-2004,

show design compliance

C8.1 Daylight and views, daylight 75%

of spaces

† Demonstrate through computer simulations that 75% of occupied areas

achieve illuminance level of 25 fc and maximum 500 fc in clear sky condition on

21 September at 9 a.m. and 3 p.m.

C8.2 Daylight and views, views for 90%

of spaces

† Determine the area that has direct line of sight to outdoor for each window

(in plans and sections)
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expressed capabilities section of Table 3 is ‘B’ and the

list of tools is ‘C’.

Transitive property of equality: A ¼ B and B ¼ C,

A ¼ C.

The software expressed capabilities were

selected based on LEED requirements and hence

they are similar in nature. So ‘A’ is related to ‘B’, that

is, since the LEED expressed requirements and

software expressed capabilities are related, ‘B’ and

‘C’ are compatible. Therefore, it can be inferred that

‘A’ (LEED expressed requirements) and ‘C’ (software

tools) are compatible via ‘B’ (capabilities of

assessment tools). The selected software tools have

the capability to enable informed choices for a

particular LEED credit requirement (see Figure 1 and

Table 3).

The data from the above comparative analysis can

be used to create a three-dimensional matrix involving

phases in building construction and design, LEED

categories and software tools used for decision

making. Based on the LEED reference manual and

requirements of LEED credits for different

categories, the phase of a particular credit in the

process of design or construction can be

determined. The LEED credits are already linked with

the tools, as shown in Table 3, that is, right tool for

TABLE 3 Right tools for the right jobs

LEED

CREDITS

NAME OF TOOLS

ENERGY-10 ECOTECT IES VE HEED ENERGYPLUS

SS Credit 7.1

EA Prereq 2

IEQ Credit 8.1

TABLE 2 Software tool features and capabilities (Crawly et al.,
2006)

NO. FEATURES

AND

CAPABILITIES

NAME OF TOOLS

BLAST BSIM DOE-2 ECOTECT ENERGY

PLUS

1 Single zone

infiltration,

automatic

calculation of

wind pressure

coefficient

X X X X X

2 Natural

ventilation

X

X: features or capability available (i.e. well supported in documentation /

interface and examples) and in use with the software application.

FIGURE 1 Comparative analysis logic: transitive property of equalities

FIGURE 2 Three-dimensional matrix for effective tool selection
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TABLE 4 Software expressed capabilities (software reference manuals and Crawley et al., 2006)

LEED CATEGORIES SOFTWARE-EXPRESSED

CAPABILITIES

ECOTECT HEED ENERGY

10

DESIGN

BUILDER

eQUEST GBS IES

VE

ENERGY PLUS

(SKETCH UP)

Sustainable site Weather data provided climatic

consideration for rainfall and

temp.

X X X X X X X

Visualization of site layouts and

solar shading calculations

X X X X X

Water efficiency Baseline water analysis for LEED X X

Energy and

atmosphere

Primary design assumption like

HVAC sizing, strategies for

energy efficiency, space zoning,

climate-based design strategies

X X X X X X X X

Estimated energy and cost

summary (annual), energy use by

type

X X X

Baseline energy load analysis for

HVAC, lighting, electric, etc.

X X X X X X X

Calculations for energy enduse,

peak demand, consumption

X X X

On-site generation and utility

electricity management

P X X X X X

including demand, renewable

power, photovoltaic and wind

power

Energy end use reports,

consumption of energy by source

X X X X X X X

Peak demand, individual reports

for electric, heating, etc.

Indoor environment

and air quality

Building models for HVAC

simulation

P X X X

Ventilation rate per occupant floor

area, Ventilation air flow

X X X X P

schedule, user-defined ventilation

control strategy

Heat balance calculations, human

thermal comfort

P X X X X X

Day-lighting simulation for

calculating hourly illuminance

levels

P X P

Beam solar radiation reflection

from outside and inside window

reveals

X X

X: Features or capability available (i.e. well supported in documentation/interface and examples) and in use with the software application.

P: Features or capability that is partially implemented (i.e. address part of an issue, does not have the ability to fully resolve the issue.

Framework for Selecting Performance Assessment Tools 243

ARCHITECTURAL ENGINEERING AND DESIGN MANAGEMENT



TABLE 5 Findings

CREDITS LEED 2009 CREDITS

REQUIRING DECISION

SUPPORT

LEED-EXPRESSED

REQUIREMENTS

SOFTWARE-EXPRESSED

CAPABILITIES

ECOTECH HEED ENERGY

10

DESIGN

BUILDER

QUEST GBS IES

VE

ENERGY

PLUS

(SKETCH UP)

Sustainable site 26 points

Credit 7.1 Heat island effect, non-roof 1 To reduce heat island to

minimize impacts on

microclimates and human and

wildlife habitats

Calculation of effective

shaded areas, visualization

of site layouts

X X X X

Credit 7.2 Heat island effect, roof 1 To reduce heat island to

minimize impacts on

microclimates and human

and habitats

Material reflectance

climatic consideration

P P P

Water efficiency 10 points

Prereq. 1 Water-use reduction To increase water efficiency

in buildings

Baseline water

consumption

X X

Energy and atmosphere 35 points

Prereq. 1 Fundamental commission of the

building energy systems

required

To verify that the project

energy-related systems are

installed, calibrated and

performed according to owner’s

project req., basis of design and

construction. Develop energy

and environmental goals

Develop energy efficiency

goals, Conceptual HVAC

sizing calculations, primary

design assumptions

X X X X X X X X

Prereq. 2 Minimum energy performance:

required

To establish minimum level

of energy efficiency for the

proposed bldg. and systems

to reduce environment and

economic impacts associated

with excessive energy use

Baseline energy load

analysis, energy-related

features in design

P X X X X X X X

2
4
4
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.
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N
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E

N
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Credit 2 On-site renewable energy 1–7 To encourage and recognize

increasing levels of on-site

renewable energy self-supply to

reduce environmental and

economic impacts associated

with fossil fuel energy use

On-site generation and

electricity management

demand, renewable power,

photovoltaic and wind

power

P X X P X P

Energy and atmosphere 35 points

Credit 5 Measurement and verification 3 To provide for ongoing

accountability of building

energy consumption over time

(need calibrated simulations).

Calculations for anticipated

annual energy cost, concepts

and options determining energy

savings

Energy end use reports,

consumption of energy by

source Peak demand,

individual metering for

lighting, heating, etc.

X X X X X X X X

Credit 6 Green power 2 To encourage the development

and use of grid-source,

renewable energy technologies

on a net zero pollution basis

Calculations for annual

electricity use

P X X X X X X P

Indoor environmental quality 15 points

Prereq. 1 Minimum IAQ performance

required

To establish minimum indoor air

quality (IAQ) performance to

enhance indoor air quality in

buildings, thus contributing to

the comfort and well-being of

the occupants

Ventilation rate for HVAC

system

P X X X

Credit 7.1 Thermal comfort, design 1 To provide a comfortable

thermal environment that

Heat balance calculations,

human thermal comfort

P X X X X X X P
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TABLE 5 Continued

CREDITS LEED 2009 CREDITS

REQUIRING DECISION

SUPPORT

LEED-EXPRESSED

REQUIREMENTS

SOFTWARE-EXPRESSED

CAPABILITIES

ECOTECH HEED ENERGY

10

DESIGN

BUILDER

QUEST GBS IES

VE

ENERGY

PLUS

(SKETCH UP)

promotes occupant productivity

and well-being. Design HVAC

Credit 2 Increased ventilation 1 To provide additional outdoor

air ventilation to improve indoor

air quality (IAQ)

Ventilation rate per

occupant floor area,

Ventilation air flow schedule

X X X

Credit 8.1 Daylight and views, daylight

75% of spaces 1

To provide for the building

occupant with a connection

between indoor spaces and

outdoor through introduction of

daylight and views into the

regularly occupied areas of the

building

Day-lighting calculations,

hourly simulation for

Day-Lighting illuminance

levels

P P X P

Credit 8.2 Daylight and views, views for

90% of spaces 1

To provide building occupants a

connection to the outdoors

through the introduction of

daylight and views into the

regularly occupied areas of

building

Beam solar radiation

reflection from outside and

inside window reveals

X X

X: Features or capability available (i.e. well supported in documentation/interface and examples) and in use with the software application.

P: Features or capability partially implemented (i.e. address part of an issue, does not have ability to fully resolve the issue.
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the right job. The matrix can cross-reference LEED

categories with the standard phases of building

design and construction, thereby highlighting

appropriate software tools for a particular phase of

work (see Figure 2).

Within the matrix are horizontal headings for the five

typical LEEDw categories: site, water, energy, materials

and indoor environment. Vertically listed are design

phases: pre-design, schematic design, design

development, construction and post-construction/post-

occupancy. At the intersection of topics and

phases lie the software tools particular to that

condition (see Figure 2). Thus, this matrix or template

can be termed as the ‘Right tool for the right job at the

right time’.

FINDINGS

Once the list of LEED credits requiring decision

support and the list of software tools were finalized,

the similarities between features and potential of the

software and LEED requirements were noted.

Software features similar to LEED credit

requirements were sought in the software reference

manual by simply searching for pertinent keywords

in the manuals. For example, if a credit requires an

energy analysis for the annual building performance,

a search was conducted in every software manual of

selected tools using the keyword ‘energy analysis’.

The generated information from each reference

manual was checked against the set of requirements

for that particular LEED credit. Thus, the features

TABLE 6 Right tools for right job at right time

PHASES IN BUILDING

CONSTRUCTION

LEED 3.0 CATEGORIES

SUSTAINABLE

SITE

WATER

EFFICIENCY

ENERGY AND

ATMOSPHERE

INDOOR ENVIRONMENT AND AIR

QUALITY

Pre-design Energy Plus (sketch Up)

Schematic design Ecotect Ecotect Ecotect

HEED HEED

Energy10

Design builder Design builder Design builder

eQUEST eQUEST

GBS GBS

IES VE IES VE IES VE

Energy plus (sketch up) Energy plus (sketch up)

Design development Ecotect HEED

Energy 10

eQUEST eQUEST

GBS

IES VE IES VE

Energy plus (sketch up) Energy plus (sketch up)

Construction Ecotect Energy 10

HEED

Design builder

eQUEST

IES VE IES VE

Post construction Ecotect

HEED

Energy10 Energy 10

eQUEST eQUEST

IES VE

Energy plus (sketch up) Energy plus (sketch up)
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similar to LEED requirements were selected to form a

list of ‘software expressed capabilities’ (see Table 4).

Following is an overview of software features and

potentials, followed by the table showing software

expressed capabilities.

The findings of this research led to several

observations about the tools and also about LEED

3.0 credits. The tools performed well on some

attributes, but not on all of them. Tools like

Autodesk Ecotect Analysis and Design-Builder can

perform a partial task for credits, like day-lighting

design calculation and energy analysis. While they

may be helpful in creating the 3D model of the

building, they depend heavily on other tools to run

simulations for day-lighting design calculations and

whole building energy analysis. Modelling 3D

geometry of the space is fairly simple with these

tools, but the outputs are not exactly those

required by LEED. Also, some features or

capabilities of the tools are under development,

according to certain researchers and software

manuals; thus, the results of the simulations or

analysis may be approximate but not exact. None

of the tools selected specialized in making choices

about materials for the Material and Resources

category of LEED. The data from Table 5 show the

LEED credit intent and the list of software with the

potential to achieve it.

Out of a possible total of 59 LEED credits,

excluding credits for innovation in design, 10 credits

and four prerequisites can use the matrix developed

for decision support or performance verification in

this research (approximately 20% of total number of

LEED credits).

These credits constitute about 37 points out of

110 maximum possible points. As seen in Table 5,

these tools basically cover points from three LEED

categories, for example sustainable site, energy

and atmosphere, and indoor environment and air

quality.

The performance tools contribute most in the area

of energy and atmosphere where they help make

decisions to achieve the intent of two prerequisites

and four credits, making a total of 31 possible

points. In the categories of Indoor Environment and

Air Quality and Sustainable Sites, the tools can help

make decisions for achieving four points and two

points, respectively. Table 6 provides information

regarding the set of tools that can be used in

different phases in building design and construction

and for different categories under the LEED rating

system.

DISCUSSION

Recent developments in the building industry have

moved increasingly towards making design

performance evaluations compulsory, from the

beginning of the design process to the operation

life cycle (Augenbroe and Hensen, 2004; Hopfe

et al., 2005). New and redeveloped performance

assessment tools may help designers make

informed choices for other LEED-specific

requirements, like selecting materials for the

Material and Resources category or code

compliance as required by LEED credits. However,

the knowledge deficit regarding what tools are

available and the potential benefits associated with

their use will always slow down the adoption of

performance assessment tools for GB rating

systems (Mackley et al., 2000).

This research has presented a framework that

links building performance assessment tools with

the LEED rating system. It aims to bridge a gap

between the AEC industry, facility managers and

LEED professionals by providing information about

performance tools that can be used for different

phases during design, construction and operation of

a LEED-rated building.

A simple logic of the transitive property of equality,

that is if a ¼ b and b ¼ c then a ¼ c, was used to link

the LEED credits requiring decision support with the

tools that have the capability to achieve it. Once

LEED credits were linked with software tools, the

LEED reference manual was used to determine the

phase when the decision regarding a particular

credit needs to be made. Thus, LEED credits,

software tools and phases of building design,

construction and operation were tied to develop a

three-dimensional matrix of the ‘Right tool for the

right job at the right time’.

Overall, the findings of the research demonstrate

that the framework developed can be used for

achieving 20% of total possible LEED 3.0 credits.

The findings also reflect that tools play a very
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important role in decision making for the LEED

category of energy and atmosphere. Out of a total of

35 possible points, the tools can help achieve 31

points (almost 90%) in this category.

The contribution or significance of the research

can be better explained in the context of a scenario.

For example, assume that an architect who has

never been involved in a LEED-related project is

responding to a request for proposal to design and

build a 200,000 ft2 commercial space that meets

LEED silver requirements. Being new to the field of

GB design, obviously this person will look for help

regarding LEED-specific requirements during the

initial stages of design. In order to make informed

choices for proposing the basis of design, this

person could use the proposed framework in this

research, which offers ready access to user-friendly

tools for architects, engineers, consultants and

facility managers. Also, this will help save initial

effort and reduce the time and cost involved in

trying multiple software tools for achieving

LEED-specific goals.

CONCLUSIONS

This research explores a new way to structure

information about tools that can be applied by

novice project teams pursuing LEED certification.

The database created as a result of this work has

the potential to create better matches between

designers, construction managers and facility

managers new to the field of GB and the tools to

help them achieve specific LEED project goals. This

research is an ongoing effort to link potential users

to leading building performance tools, and as a

resource, it will expand as the tools mature and

grow. Thus, the database created in this research is

an initial step towards constructing an effective

resource for A/E professionals.

FUTURE WORK

Given the outcome of this work, several areas of

additional work could be considered as future

research. One area would be updating the

framework by adding more tools. Another major area

could be rating the tools by conducting a survey

based on particular parameters, as defined by Attia

et al. (2009), specifically user interface, functional

restrictions and integration of an intelligent

knowledge base.
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