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Abstract: Incorporating sustainability in construction can result in desirable building

attributes and project life cycle. The Leadership in Engineering and Environmental Design

(LEED®™) Rating System helps project teams make the right green building decisions for their

projects through a process. However, in current practice, project teams do not have a

systematic procedure or tool for choosing the LEED credits appropriate for a particular

project. The researchers have developed a tool, which support the LEED integrative process

during a charrette, and developed an optimization model that can be utilized to assist project

teams determine which credits to pursue for LEED certification, taking into account potential

benefits associated with any LEED credit. The tool enables owners to incorporate

sustainability in construction by helping the project teams make the right green building

decisions for their projects through an integrated procedure.
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1. Introduction

Sustainability is a significant factor that is reshaping the design and construction of new facilities due
to increasing government regulations and greater environmental awareness of the general public.
Incorporating sustainability in construction can result in desirable building attributes such as reduced
resource consumption, improvement in environmental performance, and providing a healthier and more
productive work environment for employees. With these benefits getting significant recognition in
today’s world, numerous federal agencies, institutions, and local governments, are now required to
incorporate sustainability into the design and construction of new construction projects [1]. In North
America and some Asian countries, this is largely accomplished through the Leadership in Engineering
and Environmental Design (LEED®) certification program. LEED is a third-party certification program
established by the United States Green Building Council (USBGC) (Please note that there are several
other green building rating systems and LEED is one of them). LEED is a framework that enables
building owners and operators to identify and implement practical and measurable green building design,
construction, and operations and maintenance solutions. The intent behind the creation of LEED was to
have a common standard of measurement, and promote integrative, whole building design practices [2].
LEED has now developed into a comprehensive system of interrelated standards covering all aspects of
the development and construction process [2]. LEED has revolutionized the marketplace as the world’s
premier benchmark for design, construction, and operation of high-performance green buildings [3].
Currently, projects with LEED certification can be found in over 140 countries [3].

LEED is a flexible suite of rating systems that can be applied to various building types at any point
in the building’s lifecycle. The LEED standard is continuously updated and improved by the USGBC as
the green building industry moves fast, with new technologies and strategies emerging. Previous version,
such as LEED 2009, focused on environmental problems and how they can be reduced, whereas latest
version, LEED v4 system, asks what a LEED project should accomplish [3,4]. Mainly, the categories
were modified, to the latest version (LEED v4), to add in issues of human health and to reflect built
environment [4].

The LEED rating system employs a point allocation process which serves as a method for producing
a simplified guide for building project teams to identify complex and competing sustainability issues [4].
This system enables the project teams to make the right green building decisions for their projects
through an integrated process, ensuring that building systems work together effectively [5]. This system
allocates points to incentivize project teams to comply with requirements that best address the social,
environmental, and economic outcomes identified by USGBC. A weighting process is used to allocate
where a credit receives one or more LEED points based on each credit’s relative effectiveness at
accomplishing the goals defined for the system. For more information about credit weightings, please
refer to LEED v4 Impact Category and Point Allocation Process by Owens and Macken [4].

The LEED rating system (version 2009) consists of six categories (sustainable sites, water efficiency,
energy and atmosphere, materials and resources, indoor environmental quality, innovation in design).
These are derived from the Environmental Protection Agency’s (EPA) Tool for the Reduction and
Assessment of Chemical and Other Environmental Impacts (TRACI) categories [4], comprised of
various prerequisites and credits carrying various point values. Prerequisites are required elements;
credits are optional elements—strategies that projects can elect to pursue to gain points toward LEED
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certification [5]. The categories are intimately linked and must be considered together for an effective
integrative process [5]. Achieving LEED certification requires satisfying all prerequisites and earning a
minimum number of points as described in the applicable rating system.

The certification point system consists of 100 base points plus 10 additional points (a total of
110 points) and establishes the following certification levels:

Certified 4049 points

e Silver 50-59 points
e Gold 60—79 points
e Platinum 80 points and greater

LEED certification for a building has many benefits, including user health, environmental protection,
lower long-term costs, and increasingly more government tax credits. Certification can also mean lower
operating costs, increased building value, higher occupancy rates, and higher rents [2]. Because of these
reasons, LEED certification is gaining importance with each passing day. With the government
regulations becoming stricter, many owners are voluntarily obtaining LEED certification. One example
is a U.S. Department of Defense (DoD) policy on LEED. DoD policy [6] mandates that new construction
projects attain at a minimum, LEED-Silver certification. During the design phase, project teams
consisting of the architect/engineer (A/E), contractor, and DoD representative (i.e., Owner’s
Representative) must develop a strategy for attaining LEED certification. Formulating the strategy is an
iterative process requiring the owner to establish the project’s requirements and desired features; and the
A/E determining the constructability, feasibility, and life cycle cost analysis of various sustainable
design alternatives. The owner and the design team ultimately come to a consensus on which preferences
and considerations carry a greater weight, or influence, in the final strategy.

Pursuing LEED certification is challenged with a perception that it is an expensive quest. The LEED
certification process does have a cost itself. This cost comes in the form of USGBC correspondence, LEED
consultants, and the hiring of the required Commissioning Authority (CxA) [2]. However, Langdon [7]
and Mapp and Nobe [8] identified that many projects achieved LEED with little or no added cost, and
with budgets well within the cost range of non-green buildings with similar programs. Also, Langdon [7]
claimed that the feasibility and potential cost impact of a number of LEED points can be significantly
increased or decreased based on the awareness of members of the design and construction teams with
sustainable practices, and willingness to commit to them.

In many cases, cost is a significant driver, but it may not always be a dominating influence.
If pursuing a particular LEED credit results in a substantial increase in initial cost without considerable
payback shown in a life cycle cost analysis, the owner will likely decide against pursuing that credit.
Alternatively, if attaining a certain credit is negligible in additional cost, the owner and design team may
likely pursue it. However, that may not always be the case. For example, the U.S. Air Force Academy’s
recent $40 M Center for Character and Leadership Development construction project was designed to
utilize solar power from a photovoltaic array as an alternative energy source. The life cycle cost analysis
indicated a marginal return on investment (ROI), but the decision to incorporate the photovoltaic array
into the design was still implemented. Another example is the University of Texas’ new Engineering
and Education Research Center (EERC). Arguably one of the least expensive points to attain in LEED
is Sustainable Sites Credit 4.2: Alternative Transportation—Bicycle Storage and Changing Rooms.
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While very feasible from a cost perspective, the Dean of the School of Engineering (i.e., Owner’s Rep)
made the decision early in the design process that shower facilities were not compatible with the overall
design intent of the new EERC. These two examples illustrate that cost may not always drive the strategy
in attaining LEED certification or credit choice. The examples also illustrate that the owner and A/E
may not agree on every sustainable design initiative.

Every issue and every team member should be brought into the project at the earliest point to achieve
the greatest effectiveness in cost and environmental performance. In detail, all project team disciplines
gather information and data relevant to the project and establish a viable and realistic LEED credit
strategy in an integrative process. The process begins with holding a charrette, a workshop where
participants (anyone involved in the project, usually include the owner, architects, engineers,
consultants, contractors, landscape architect, commissioning agent, efc.) combine brainstorming,
discussion, and strategy development to create a shared vision, goal set, and understanding of the next
steps for the project, organization, and steps towards LEED certification. The outcome of the charrette
should include a first draft of the LEED scorecard. This scorecard is a preliminary rating developed by
the team to help guide the development process toward LEED certification [2]. The cycling of research
about products and materials and charrette workshops should continue until the project systems are
optimized for LEED certification [3].

Currently, despite having general or best practices for this process, there is no comprehensive,
systematic procedure or tool, in the academia or in the industry, for choosing the LEED credits
appropriate for a particular project. In the academia, many researchers have developed or proposed
the optimization/assessment/selection model for structure or envelope [9-11], materials [12,13],
fenestration [14], environment [15], roof assembly typology [16], zero emission [17], urban material
flows and waste streams [18] and design [19,20] for sustainable buildings. Alarcon et al. [21] proposed
a decision support tool and an equation for assessing sustainability for industrial buildings. However,
the researchers have not been able to find any comprehensive, systematic procedure or tool for choosing
the appropriate LEED credits.

In the current practice, project teams go through the LEED categories one by one and there is also no
formal procedure for comparison among the various LEED categories. El-adaway and Truax [22] also
confirm that no formal steps have been made towards the certification or documentation of applicable
LEED credits by the USGBC. There are many factors that influence the choice of LEED categories and
without a formal procedure for comparison of the decision making process, a successful low-cost LEED
certified project cannot be achieved. Sometimes, there is also a conflict between the choice of credits
among the team members (in particular, between the owner and the A/Es as seen in the two examples
presented earlier in this paper). Because of the point variation in individual LEED credits, the costs
associated with each credit, and the possible range of differences between the owner and A/E’s
sustainable design preferences, arriving at an optimal strategy is challenging. Thus, there is a need to
provide the owners and the A/Es a tool to compare between the LEED categories to arrive at the most
desired LEED categories for a particular project. The objective of this paper is to develop such tool,
named as LEED Decision and Review Index (LDRI) tool, which support the LEED integrative process
during the charrette, and develop an optimization model that can be utilized to assist project teams
determine which credits to pursue for LEED certification.
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2. Research Methodology—LEED Decision and Review Index (LDRI) Tool

This study follows the “Systems Development Life Cycle (SDLC)” approach developed by Turban
and McLean [23]. The SDLC provides a “formal framework for designing and developing systems for
the effective and efficient processing of information”. There are eight stages in the approach:
(1) Project Initiation; (2) System Analysis and Feasibility Studies; (3) Logical Analysis and Design;
(4) Development; (5) Implementation; (6) Operations; (7) Post Audit; and (8) Maintenance. This study
executed the first five stages to develop the LDRI tool in its current version. The remaining steps would
need to be done by industry to finalize and maintain the tool.

2.1. Stage 1. Project Initiation

The research project first begins with problem identification. As it has been described above, the
researchers identified that, in current practice, project teams do not have a systematic procedure for
choosing the LEED credits appropriate for a project. As there are many factors influencing the choice of
LEED credits and no formal procedure for comparison in the decision making process, a successful
low-cost LEED certified project is challenging.

2.2. Stage 2. Systems Analysis and Feasibility Studies

The second stage consists of two phases of analysis—Systems Analysis and Feasibility Study.
In the Systems Analysis phase, the researchers developed a thorough understanding of the existing
situation that is causing a problem through observation. For two weeks, one researcher visited a midrise
office building project which was in the process of LEED certification in Seoul, South Korea. Another
researcher visited a campus building which was also pursuing LEED certification in Austin, Texas.
During each site visit, the researchers met a project manager and a LEED facilitator, to develop a
thorough understanding of the existing situation and reviewed the documentation on the LEED process.
As a result, the researchers identified there is a need for a tool which: (1) provides an option to select
what drives the project (e.g., the owner’s wish, A/E’s preference, the cost associated with a LEED
category, and the points associated with a particular LEED category); and (2) examines a LEED Credit
from the owner’s and the A/E’s perspective to check for other potential benefits/risks associated with
any LEED credit (e.g., feasibility, effect on the aesthetic value of the building, or ROI).

In the Feasibility Study phase, the researchers addressed the technology, economic, and
organizational factors as Turban, McLean [23] proposed. The summary of the Feasibility Study
is as follows.

e Technology: A tool that is built on a MS ACCESS platform which is easily available/procurable
to minimize any additional cost on developing the necessary infrastructure would be useful.
It requires a minimum of Intel Pentium 4 machine running Windows XP or higher with at least
256 MB RAM and 1 GB of free HD space.

e Economics: A tool is cheap and easy to develop/procure.

e Organizational Factors: A that tool takes into consideration requirements of all members of an
organization/project.
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2.3. Stage 3. Logical Analysis and Design

This stage considers the design of system from the user’s point of view and further development of
an optimization model. In this stage, the researchers first identified information requirements and
specified operations such as input, output, processing, and storage. To represent logical processes and
data relationships, data flow diagrams and entity-relationship diagrams were used. The data flow of the
LDRI tool is shown in Figure 1.

OWNER A/E & CONSULTANT

Figure 1. Leadership in Engineering and Environmental Design (LEED) Decision and
Review Index (LDRI) data flow diagram.

As shown in Figure 1, the LDRI tool collects input data from an owner and a LEED facilitator
(A/E and/or consultant) as they are the main source of the data to make a decision. However, it is not
intended to collect the data only from the two sources; it is designed for them to lead the data collection
and unify the information. The data should be collected from anyone who is involved in the project such
as owner, architects, engineers, consultants, contractors, landscape architect, commissioning agent, efc.
to achieve optimal result.

Once the data is collected, it is exported to Microsoft Excel where the LDRI tool performs
optimization using SOLVER with an objective function (explained in detail below), the results are
imported back to the LDRI tool, and the LDRI tool finally gives the list of most optimal LEED credits
in the form of a report as the output. The researchers sought to develop an optimization model that
identifies the optimal set of LEED credits that attains the desired LEED certification level according to
situation-specific constraints and based on the following pre-determined weighted influence factors:
Owner preference, A/E Preference, the cost (percent cost of implementing individual LEED credits to
total installed cost), and point values of individual LEED credits. The owner and A/E preferences are
entered as integer values based on the following Likert scale:

1—Strongly disagree
2—Moderately disagree
3—Neutral
4—Moderately agree
5—Strongly agree
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Many scenarios can be encompassed by including the above mentioned influence factors.
For example, an owner could be completely driven by cost and may not want to consider other factors
such as architectural compatibility or life cycle costs. In this case, the cost would be the driving variable.
In another case, the owner may want to submit to whatever the A/E feels is best for the project in terms
of constructability, maintainability, and life cycle cost analysis. In this latter case, the A/E preference
becomes the driving factor for selecting the optimal set of LEED credits to pursue. In yet another case,
the owner may defer to most of the A/E’s recommended selection of LEED credits to pursue, but may
strongly disagree with a few or some of those recommendations. These examples demonstrate the variety
of scenarios that can occur with using just these variables. The researchers sought to develop a model
that could accommodate this wide range of scenarios.

Through several trial and errors the researchers found an objective function for optimizing the result
(the criteria for choosing the objective function, which lead several trail and errors, is described in detail
below). For readers’ information, other tested trial objective functions are listed below.

Trial 1 = (Pc x Cost)/((Po X Owner) + (Pa x AE) + (Pp X% Points)) (1)
Trial 2 = (Po x Owner) + (Pa X AE) — (Pc x Cost) + (Pp X Points) (2)
Trial 3 = (Pp x Point)/((Po x Owner) + (Pa x AE) — (Pc x Cost)) 3)
Trial 4 = (Pp X Point) x (Pc x Cost)/((Po x Owner) + (Pa x AE)) (4)
Trial 5 = (Pa x AE) + (Po x Owner) — (Pc x Cost) + (Pp x Point?) (5)

(Pc = weighted preference coefficient for cost;
Po = weighted preference coefficient for owner;
Pa = weighted preference coefficient for A/E;
Pp = weighted preference coefficient for points)

where Pc, Po, Pa, and Pp represent weighted preference coefficients for cost, owner preference, A/E
preference, and points preference, respectively. The criteria for choosing the objective function
were as follows:

(1) All the possible cases should be able to run and get optimal solution based on the user inputs.

(2) Objective function should be balanced in the Balance Project (Pc = 0.5, Po = 0.5, Pa = 0.5, and
Pp=0.5).

(3) Coefficients (Po, Pa, Pp, and Pc) should have same impact or scale when they are adjusted
by user.

(4) Cost driven case, i.e., Pc =0.99, Po =0, Pa =0, and Pp = 0.01, should work properly and give
reasonably selection for public project.

(5) Numerator and denominator should not be zero.

The researchers designed the objective function based on the above mentioned criteria. The detailed
explanation of the objective function is as follows;
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(1) Put (Pc x (Cost —1) +1)/(1 — Pc) to meet criteria 2, 3 and 4.
(2) Put ((Po x Owner) + (Pa x AE) + (Pp X Points)) to meet criteria 2 and 3.
(3) PutPc x (Cost — 1) + 1 and set constraint range (0 < Pc < 1,and 0 < Pp < 1) to meet criteria 5.

In determining the optimal set of credits subjected to additional constraints placed on the model, the
model uses binary coefficients (denoted X:) as decision variables. The following objective function
(Equation (6)) was developed as an optimization model.

n
Objective Function = Minimize ZXi(Credit_Scorei) (6)
i=1
where n = total number of LEED credits evaluated for consideration.

The objective function seeks to minimize the sum of Credit Score. The Credit Score is derived
using a cost benefit approach. The credit score contains four input variables: owner preference,
A/E preference, cost, and point value associated with implementing the respective credit. The credit
score equation is given in Equation (7) below:

Pc x (Cost —1) + 1 20
c 0s ) o

Credit Score =
(1—-Pc) x ((Po X Owner) + (Pa X AE) + (Pp X Points))

where Pc, Po, Pa, and Pp represent weighted preference coefficients for cost, owner preference,
AJ/E preference, and points preference, respectively. The coefficients have the following values:

0<Pc<1;0<Po<1;0<Pa<l1;0<Pp<l1

There are several assumptions in the tool. First, costs for accomplishing LEED prerequisites
are not considered in the tool. LEED’s major categories contain prerequisites that projects must comply
with before being eligible for the remaining category credits. Prerequisites are required for the project
for LEED certification, however, costs for accomplishing LEED prerequisites are not considered in the
tool as prerequisites do not earn any points. In other words, the optimization model only focuses on the
costs associated with individual LEED credits. The user may calculate the costs related to accomplishing
LEED prerequisites separately if the user wants to obtain total costs for LEED certification.

Second, the tool provides the users to select targeted credit. For many LEED credits, criteria are
presented for attaining partial points. For example, some LEED credits may be worth 4 points, but a
design team may opt for attaining only two of the possible four points. Thus, in the tool, selecting a
particular LEED credit indicates the design team will pursue the selected credit’s target value. The user
(in particular A/E) may adjust this option if necessary.

Third, the researchers are making the assumption that the owners and the A/Es choice is influenced
only by the above mentioned variables. Although the range of factors that this tool considers is limited
to just aesthetic value, ROI, and feasibility apart from the cost, more factors can be added in this tool to
reflect the growing needs of the owners and the users. However, if that happens, the objective function
in this paper also may need adjustment.

Fourth, the tool requires percent total installed cost with attaining a single LEED credit.
This approach aligns the General Services Administration (GSA)’s cost study on LEED [24] and
Langdon’s cost study [7]. The General Services Administration (GSA) is a leader in adopting the LEED.
Until 2010, GSA required LEED Silver, they have increased its minimum requirement for new
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construction and substantial renovation of Federally-owned facilities to LEED Gold [2]. The GSA
performed a LEED cost study in 2004 [24] based on examining two common GSA facility project types:
a new courthouse and an office building modernization. The study includes a section that estimates the
percent cost of implementing individual LEED credits to total installed cost. In addition, Langdon [7]
discussed the feasibility of each LEED point and overall likely cost effect for construction, soft, and
documentation costs. Examples of cost effect in percent cost format are [7]:

e SS3: Brownfield Redevelopment—The cost of basic remediation of a brownfield site range from
$50,000/acre to as much as $2 million/acre;

e SS4-3: Alternative Transportation—Low-Emitting and Fuel-Efficient Vehicles—The electric
refueling stations typically cost between $5,000 and $20,000 for a two care station;

e SS7-2: Heat Island Effect—roof—A high emissivity roof is slightly ($1~$2/SF) more than
conventional black roofs; A green roof cost between $10 and $30/SF (green roofs can facilitate
achievement of LEED credits for stormwater management and filtration, open space, and natural
habitat, as well as contributing to energy efficiency);

e  WE2: Innovative Wastewater Technologies—$4~$8/SF over the cost of the entire building;

e EA Prerequisite 1: Fundamental Commissioning of the Building Energy Systems—Basic
commissioning typically costs in the rage of $1.50 ~§3/SF;

e FEA3: Enhanced Commissioning—Additional commissioning typically costs in the range of
$1~$2/SF;

e EAS: Measurement and Verification—A good quality reporting system can add $2~$4/SF & The
measurement and verification program can range from $50,000 to $200,000;

e EA 6: Green Power Strategies—15% to 20% increase in electricity cost for a typical user;

e EQ 3-2: Construction IAQ Management Plan—The costs for lush out is in the range of $.25 to
$.50/SF, but there is a schedule impact.

These cost studies [7,24] align the researchers’ approach of including a “cost/LEED point” variable
in the model and provides a methodology that could be used in an actual construction project, which
could then in-turn, be incorporated into the model presented in this study.

Regarding cost, the researchers note that as costs are not necessarily cumulative for achieving a credit,
the users can add additional constraints to the tool to consider other cases. In many cases, multiple design
criteria can be satisfied without any additional cost impact beyond that resulting from the first point [7].
Having a comprehensive understanding of these factors allows an owner to more accurately determine
potential costs, and to make better choices as to which LEED points a particular building should pursue [7].

2.4. Stage 4. Development

The LDRI tool was developed in this stage. Business rules which describe characteristics of data were
the first ones to be rendered. They allow the software designer to understand business processes and to
develop appropriate relationship participation rules and constraints [25]. The researchers described the
rules briefly, precisely, and unambiguously to create an accurate tool [25]. The rules are:

e One owner can have many projects.
e One project can have just a single owner.
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e One A/E can have many projects.

e One project can have just a single A/E.

e One project can have many scores.

e One score can belong to a single project.

e One LEED Category can have many scores.

e One score can belong to a single LEED category.

From the business rules above, the researchers identified main entities and relationships followed by
development of a data model to create the foundation of the LDRI tool. A data model is relatively simple
graphical representation of complex real-world data structure and it facilitates interaction among the
software designer, the applications programmer, and the end user [25]. Among many different models,
the researchers developed the entity relationship model. The entity relationship model (shown in Figure 2),
introduced by Chen in 1976, is a graphical representation of entities and their relationships in the tool

(database structure) [25].

tblOwner thlProject
7 Owner_ID g ‘? Project_ID
Owner_MName Project_Mame
StreetAddress Praject Description
City Project_Date
State StreetAddress
Pin City tbIProjectScaores
Email State % Project_ID
PhoneNo Pin = 7 sUBCATID
Email O_Aesthetic_Value
Phoneho O_ROI_Desired
Owner_ID e O_Publicity_or_Marketing
O _Aesthetic_Value ¥ SUBCATID AJE_Aimed_Pts
O_ROI_Desired CAT_Mame A,I'E:Feasileity
_ O_Publicity_or_Marketing Credit_No AJE_Aesthetic Value
thIAJE AEID SUBCAT_Name AJE_ROL Desired
§ WEID AVE_Aesthetic_Value SUBCAT_Pts AJE_BxtraCost
AE_Name AJE_ROI Desired Intent Score
Street AJE_Feasibility Requirements
City LEED'_Pts Potential_Technologies_Involved
State Drriver_Owner
Pin Driver_AE
Email Driver_Cost
Phoneho

Figure 2. Entity relationship diagram.

With these entities and relationships, to automate the data collection process using a series of forms,
the researchers used macros and Structured Query Language (SQL). The forms were linked to each other
using a common element in the forms such as the Project ID. The final LDRI tool can be found in
Results and Discussion section and the Appendix.
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2.5. Stage 5. Implementation

The objective function for optimization and the LDRI tool were tested through a demonstration set.
As the full model is more complex, with 49 sub-categories, it is difficult to observe significant or
meaningful differences between sub-categories scores, especially between sensitive scores (small score
differences). Due to this reason, the researchers developed a demonstration (demo) set (Figure 3).
The demo set uses the same structure and formulas as the full model. The only difference is the scale;
the demo set is smaller (i.e., fewer number of credits to compare for selection). Compared to the model
which has 49 sub-categories and 50 points constraint, the demo set consists of 14 subcategories and
a 7 point constraint. The calculation system using binary coefficient and sumproduct, and range of
owner, A/E, Add’l Cost, Points, and Objective function are same as the model. By using the demo set,
the researchers tried several different objective functions, different sets of simulated data, and different
coefficients. The researchers tried four different cases (1. balanced project; 2. cost-driven project;
3. owner-driven project; 4. A/E-driven project) to arrive at an optimal selection of sub-categories.
The optimal solution was when the tool provided the same selection of sub-categories as the
step-wise-process (conducting the process manually; 1. Rating; 2. Ranking; 3. Selecting). In other words,
the researchers tested the model with the demo set by looking for same or similar selections of
sub-categories between those given by the tool and the step-wise-process (selection by ascending order
of scores with consideration of constraints).

Binar DEMO (Max: 26 points,
Credit Y Owner A/E Add'l Ce<t| Points Score ( i 2 )
Coef - ’ = - h T _|Credit ey Owner A/E Add'l Cost| Points Score SumProduct
SS6 0 3 5 0.0025 3 2.87E+30 .
: : 551 0 1 3 0.0015 1 1.00E+40 0
5514 0 4 5 0.0018 1 1.00E+40  [55, 0 2 3 0.0012 5 1.05E+26 0
5§57 0 5 4 0.0011 2 9.54E+33 [s53 0 3 3 0.002 1 1.00E+40 0
$s13 0 3 4 0.002 2 9.54E+33 [S54 g 2 E 0.001 3 | 287430 0
ss12 0 5 3 0.0015 5 1056426 22 L . 1 o002 | 1 | 10RO :
556 0 3 5 0.0025 3 2.87E430 0
552 0 2 3 0.0012 5 1.05E+26 557 0 5 4 0.0011 2 9.546433 0
SS8 0 5 3 0.0024 1 1.00E+40 |ss8 0 5 3 0.0024 1 1.00E+40 0
553 0 3 3 0.002 i 1.00E+40 S5 9 0 5 2 0.0015 2 9.54E+33 0
55 10 0 5 1 0.0018 3 2.87E+30 0
551 0 1 3 0.0015 1 1.00E+40 5511 0 5 2 0.0011 4 9.09E+27 0
SS11 0 5 2 0.0011 4 9.09E+27 [ss12 0 5 3 0.0015 5 1.05E+26 0
sS4 0 7. 2 0.001 3 2.87E+30 5513 0 3 4 0.002 2 9.54E+33 0
559 0 5 2 0.0015 2 9.54E+33 214 L - > | 0008 1| 1.00F+40 £
SS10 0 5 1 0.0018 3 2.87E+30 e 5
SS5 0 5 il 0.0022 1 1.00E+40 SS Score Subtotal  0.00E+00

Figure 3. A sample demonstration set.
3. Results and Discussion

The LDRI tool has been built which enables the owners and A/Es to optimally select LEED credits
taking into account potential benefits associated with any LEED credit such as, feasibility, effect on the
aesthetic value of the building, or ROI efc. It allows for a more balanced approach in the selection of
LEED credits where owners and the A/Es concerns of feasibility, aesthetic value, and ROI are also
considered apart from the cost associated with the credit. The LDRI tool scores all the LEED credits
based on the objective function and gives them ranks to enable easy selection of credits by the owners
and the A/Es.
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3.1. The LDRI Tool

The LDRI tool is easy to use. The user can follow the steps to rank the variables and the reports will
be automatically generated by the tool.

Step 1. Enter project information and select who/what drives the LEED implementation
Step 2. Owner assigns importance to the decision variables

Step 3. Owner ranks the LEED subcategories

Step 4. A/E ranks the LEED subcategories

Step 5. Run the optimization

Step 6. User can select report types for the desired output

The model begins with the selection of project drivers, i.e., selecting the factor that drives the selection
of LEED categories on that project—owner’s preference/A/E’s preference/extra cost associated with the
LEED category or the points per LEED category. This selection can be done using Analytic Hierarchy
Process (AHP) which enables the LDRI tool to evaluate the criteria weights scientifically which are
further used in evaluating the score for every LEED category. The LEED categories are then assigned a
score based on the owner’s preference, A/E’s preference, extra cost, and the points of that particular
category. After assigning of scores to the categories, optimization is done using solver to select the most
desired LEED categories based on their scores for that project. Although the range of factors what this
tool considers is limited to just aesthetic value, ROI, and feasibility apart from the cost, more factors can
be easily added in this tool to reflect the growing needs of the owners and the users. Key pages (forms)
in the LDRI tool are shown in Figures 4-6. All the pages (forms) can be found in Appendix.

== 001 Main Menu X

. ABOUT THE SYSTEM |

GET STARTED

ki
s L

CONTACT INFO

Record: M 10f1 | L1 |Search

Figure 4. The main menu page of LEED decision and review index.

Figure 4 shows the home screen of the LDRI tool and provides the user some basic information about
the tool. The user clicks on Start to use the tool.
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EEl 012 OWNER SCORE X
LEED DECISION and REVIEW INDEX (LDRI)

OWNER PREFERENCE Project_TD: 1

CAT Name: Energy and Atmosphere SUBCAT_ID 1

SUBCAT Name SUBCAT Pts:  AESTHETIC VALUE RATE OF RETURN PUBLICITY/MARKETING

Enhanced Commissioning 2 3 v 3| 3 v

Intent:

To begin the commissioning process early in the design process and execute additional activities after systems performance verification is

completed.

Requirements:

Implement, or have a contract in place to implement, the following additional commissioning process activities in addition to the
requirements of EA Prerequisite 1: Fundamental Commissioning of Building Energy Systems and in accordance with the LEED Reference
Guide for Green Building Design and Construction, 2009 Edition:

- Prior to the start of the construction documents phase, designate an independent commissioning authority (CxA) to lead, review and
oversee the completion of all commissioning process activities.

« The CxA must have documented commissioning authority experience in at least 2 building projects.

« The individual serving as the CxA:

Mt em e ek £ Rbn S T SR,

Potential Technologies_Involved:

Although it is preferable that the CxA be contracted by the owner, for the enhanced commissioning credit the CxA may also be contracted
through the design firms or construction management firms not holding construction contracts. The LEED Reference Guide for Green
Building Design and Construction, 2009 Edition provides detailed guidance on the rigor expected for the following process activities:

- Commissioning design review

- Commissioning submittal review

- Systems manual.

Record: M 10f49 L I YFiItered Search

Figure 5. The owner’s scoring page in the LDRI tool.

The owner uses the page shown in Figure 5 to assign relative scores to the various
LEED subcategories.

z 024 A/E SCORE X

LEED DECISION and REVIEW INDEX (LDRI)

Project_ID: 1
A/E'S PREFERENCE
SUBCAT_ID: 1
CAT_Name Energy and Atmosphere
Enhanced Commissioning SUBCAT _Pts: 2 AE_Amed_Pts 2
AJE_Feasibility 3w AE_Aesthetic_Value: 2w AE_ROI Desired: 4 W AE_ExtraCost: 0.00%

To begin the commissioning process early in the design process and execute additional activities after systems performance verification
i3 completed.

Implement, or have a contract in place to implement, the following additional commissioning process activities in addition to the
requirements of EA Prerequisite 1: Fundamental Commissioning of Building Energy Systems and in accordance with the LEED
Reference Guide for Green Building Design and Construction, 2009 Edition:

- Prior to the start of the construction documents phase, designate an independent commissioning authority (CxA) to lead, review and
oversee the completion of all commissioning process activities.

= The CxA must have documented commissioning authority experience in at least 2 building projects.

* The individual serving as the CxA:

Although it 1s preferable that the CxA be contracted by the owner, for the enhanced commissioning credit the CxA may also be
contracted through the design firms or construction management firms not holding construction contracts. The LEED Reference Guide
for Green Building Design and Construction, 2009 Edition provides detailed guidance on the rigor expected for the following process
activities:

- Commissioning design review

- Commissioning submittal review

BACK

Record: M 10of 49 L YFiIterEd Search

Figure 6. The A/E’s scoring page in the LDRI tool.

The A/E uses the page shown in Figure 6 to assign relative scores to the various LEED subcategories.
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3.2. Testing Results on the Optimization Model

When the researchers ran optimization, the computer computes the minimum sum of individual LEED
credit scores by changing binary coefficient of each sub-category according to the objective function.
To validate the result of computer selection, as described in Research Methodology, the researchers
created a demo set. At the demo result sheet, all the sub-categories were ranked in ascending order of
score for verification by the researchers. According to the objective function, sub-categories with the
least scores are the most desired sub-categories. By observing the subcategories in ascending order, the
researchers were able to validate efficacy and correctness of the objective function and the model.

Four different cases were tested with the demo set, based on the assumptions, described in Research
Methodology (Table 1).

Table 1. Four demo trial cases.

Weighted Preference Coefficients
Cost (Pc) Owner (Po) A/E (Pa) Points (Pp)

1. Balanced Project 0.5 0.5 0.5 0.5
2. Cost-driven project 0.99 0 0 0.01
3. Owner-driven project 0 1 0 0.01
4. A/E-driven project 0 0 1 0.01

Note: (0 <Po<1,0<Pa<1,0<Pc<0,and0<Pp<1).

Case 1 is a Balanced Project (Pc = 0.5, Po = 0.5, Pa = 0.5, and Pp = 0.5). The result of Case 1,
(Figure 7) shows value of the tool since the LDRI tool choose 9 points, even when the goal was getting
more than 7 points from selection of subcategories. In ranking of results, the optimization program could
select ss7, but the LDRI tool choose ss11 which had more points with the same credit score (1.59 x 1071%).
Though obtaining 50 points through 59 points is the same LEED certification level, it is often preferred
to try and obtain more points than the minimum requirement, since often, not all points are achieved on
every project. This result validated that the objective function is working on very sensitive cases.

i DEMO (Max: 26 points,
Credit Binary Owner A/E Add'l Coet| Points Score f g poty]
Coef - M . b | - ~_| Credit énar;y Owner A/E Add'l Cost| Points Score SumProduct
5512 1 5 3 0.0015 5 5.69E-17 28
ss1 0 1 3 0.0015 1 1.13E-08 0
SS11 1 5 2 0.0011 4 1.59E-15 [, 0 2 3 0.0012 5 1.07E-12 0
SS7 0 5 4 0.0011 2 1.59E-15 S5 3 0 3 3 0.002 1 1.37E-11 0
556 0 3 5 0.0025 3 1.64E-15 354 L E: £ 001, 3 1 ME-N 0
555 0 5 1 0.0022 1 1.37E-11 0
552 0 2 3 0.0012 5 1.07E-14 —=F : 3 : Toms 3 RO =
SS 14 0 4 5 0.0018 1 1.09E-14 [57 0 5 2 0.0011 2 1.59E-15 0
SS9 0 5 2 0.0015 2 8.89E-14 |[ss8 0 5 3 0.0024 1 9.05E-14 0
Ss10 0 5 1 0.0018 3 8.94E-14 39 9 5 2 0.0015 2 8.896-14 0
5510 0 5 1 0.0018 3 8.94E-14 0
5513 0 3 4 0.002 2 8.98E-14 |y ° F 5 e a TEaEAe 4
SS 8 0 5 3 0.0024 1 9.05E-14  [ss12 1 5 3 0.0015 5 5.69E-17 5
554 0 2 2 0.001 3 1.34E-11 5513 0 3 4 0.002 2 8.98E-14 0
553 0 3 3 0.002 1 1.37E-11 S5 14 0 4 5 0.0018 1 1.09E-14 0
585 0 5 1 0.0022 1 1.37E-11 S edtsibion 5
551 0 1 3 0.0015 1 1.13E-08 SS Score Subtotal  1.65E-15

Figure 7. Demo trial, Case 1 (Balanced Project) results.

Case 2 is a Cost-driven project (Pc = 0.99, Po = 0, Pa = 0, and Pp = 0.01). In this test (Figure 8),
interestingly, the tool achieved 10 points in total by selecting ss2 and ss12 (even the goal was still getting
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more than 7 points from selection of subcategories). This selection is due to the fact that the researchers
set Pp = 0.01, the sum of scores of ss2 (9.9 x 10%¢) and ss12 (1.67 x 10%7) were lower than those of ss11
(7.19 x 10%®) and ss4 (1.89 x 10%}).

Credit PR Owner A/E Add'l Cost| Points Score L {Ma{(. i s
Coef ~ = o s = = Credit Bhary Owner A/E  |Add'l Cost| Points Score SumProduct
S5 2 il 2 3 0.0012 5 9.90E+26 Coet
551 0 1 3 0.0015 1 1.59E+41 0
55112 il 5 3 0.0015 5 L67E+27 [553 1 2 3 0.0012 5 9.906426 5
5511 0 5 2 0.0011 4 7.19E+28 [ss3 0 3 3 0.002 1 3.71E+41 0
ss 4 0 2 2 0.001 3 1.89E+431 |54 0 2 2 0.001 3 1.898431 0
55 10 0 5 1 0.0018 3 7.62E+431 |22 g > R 0
556 0 3 5 0.0025 3 2.39E432 0
556 0 3 5 0.0025 3 2.39E+32 557 0 5 2 0.0011 2 7.54E+34 0
S87 0 5 4 0.0011 2 7.54E+34 558 0 5 3 0.0024 1 7.11E+41 0
559 0 5 7 0.0015 2 1.52E+35 SS9 0 5 Z 0.0015 2 1.52E+35 0
5510 0 5 1 0.0018 3 7.62£431 0
SS13 0 3 4 0.002 2 3.54E+35 e 5 T = . a S I9E+3R o
551 0 1 3 0.0015 1 1.59E+41 [ss12 i 5 3 0.0015 5 1.67E+27 3
SS 14 0 4 5 0.0018 1 2.66E+41 [ss13 0 3 4 0.002 2 3.54E435 0
553 0 3 3 0.002 1 3.71E+41 (5514 0 4 5 0.0018 1 2.66E+41 0
555 0 5 1 0.0022 1 5.15E+41 P 0
558 0 5 3 0.0024 1 7.11E+41 S5 Score Subtotal  2.66E+27

Figure 8. Demo trial, Case 2 (Cost-Driven Project) results.

Figure 9 demonstrates an Owner-driven case, Case 3 (Pc =0, Po=1, Pa=0, and Pp =0.01), in which

owner preferences are of top priority and precedence. From the same scores of subcategories, the LDRI

tool selected ss11 and ss12 which got 9 points. Compared to other subcategories (i.e., ss10 or ss7),

selecting ss12 and ss11 is the most desired selection to get more point among the subcategories with the

same SCore.
i DEMO (Max: 26 points,
Credit Binany Owner A/E Add'l Ceet| Points Score i ( = B )
Coef - - M o M =_||Credit :a?’ Owner AJE Add'l Cost| Points Score SumProduct
5512 1 5 3 0.0015 5 8.59E-15 =
s51 0 1 3 0.0015 1 8.20E-01 0
S511 il & 2 0.0011 4 8.94E-15 552 0 3 3 0.0012 5 5 82E.07 0
SS 10 0 5 1 0.0018 3 9.30E-15 55 3 (1] 3 3 0.002 1 2.68E-10 0
557 0 5 4 0.0011 2 9.68E-15 S L Z £ WL b 3 JO8E07 0
555 0 5 1 0.0022 1 1.01E-14 0
259 L = 2 AL Z: 9.68E-15 556 0 3 5 0.0025 3 2.35E-10 0
555 0 5 1 0.0022 1 101E-14  [s57 0 5 4 0.0011 2 9.68E-15 0
SS 8 0 5 3 0.0024 1 1.01E-14 S5 8 0 5 3 0.0024 1 1.01E-14 0
Ss14 0 4 5 0.0018 1 8.65E-13 559 0 5 2 0.0015 2 9.68E-15 0
s5 10 0 5 1 0.0018 3 9.30E-15 0
556 0 3 5 0.0025 3 2.35E-10 5511 1 5 2 0.0011 4 8.94E-15 4
SS13 0 3 4 0.002 2 2.51E-10  [ss12 1 5 3 0.0015 5 8.59E-15 5
SS3 0 3 3 0.002 1 2.68E-10 5513 0 3 4 0.002 2 2.51E-10 0
552 0 2 3 0.0012 5 5.82E-07 S5 14 0 4 5 0.0018 1 8.65E-13 0
sS4 0 2 2 0.001 3 7.08E-07 P 7S
551 0 1 3 0.0015 1 8.20E-01 SSScore Subtotal  1.75E-14

Figure 9. Demo trial, Case 3 (Owner-Driven Project) results.

The final case, Case 4 (Pc =0, Po =0, Pa =1, and Pp = 0.01), (Figure 10) is the opposite case of
Case 3 (owner-driven project). In this case, the A/E rating is the most important factor. The selection of

subcategories shows a straightforward result. The LDRI tool selected subcategories which were
rated 5 or 4 by A/E.
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Credit Sl Owner A/E Add'l Co<t| Points Score e {Maf(' 26 points)
Coef - - ‘ = = E = | Credit Hinaty Owner A/E Add'l Cost| Points Score SumProduct

SS6 1 3 5 0.0025 3 9.30E-15 Cost

551 0 1 3 0.0015 1 2.68E-10 0
5514 1 4 5 0.0018 1 1.01E-14 o, 0 2 3 0.0012 5 2 06610 0
5547 1 5 4 0.0011 2 8.23E-13  [ss3 0 3 3 0.002 1 2.68E-10 0
SS13 1 3 4 0.002 2 8.23E-13  [S54 0 2 2 0.001 3 7.08E-07 0
s 12 0 5 3 0.0015 5 2.06E-10 1558 0 5 1 0.0022 1 8.20E-01 0

556 1 3 5 0.0025 3 9.30E-15 3
S52 0 2 3 0.0012 5 2.06E-10  [557 1 5 4 0.0011 2 8.23E-13 2
Ss8 0 5 3 0.0024 1 2.68E-10 SS 8 0 5 3 0.0024 1 2.68E-10 0
553 0 3 3 0.002 1 2 .68E-10 559 0 5 2 0.0015 2 7.82E-07 0

S5 10 0 5 1 0.0018 3 5.54E-01 0
551 0 1 3 0.0015 1 2.68E-10 s 11 0 5 2 0.0011 4 6.42E-07 0
5511 0 5 2 0.0011 4 6.42E-07 5512 0 5 3 0.0015 5 2.06E-10 0
SS4 0 2 2 0.001 3 7.08E-07 [s513 1 3 4 0.002 2 8.23E-13 2
S5 9 0 5 2 0.0015 2 7 82E-07 [5514 1 4 5 0.0018 1 1.01E-14 1
SS10 0 5 il 0.0018 3 5.54E-01 S5 Credit Subtotal a
555 0 5 1 0.0022 1 8.20E-01 5SS Score Subtotal  1.67E-12

Figure 10. Demo trial, Case 4 (A/E-Driven Project) results.

These four case study results validated the model. The above results prove the objective function
operates in all the extreme and balanced cases. With these test results, the researchers proceed to
the full model.

3.3. Full Model Testing

After completing the demo testing with all four cases, the researchers ran a full model test
(all 49 subcategories grouped in seven categories—please note that the researchers developed this tool
based on the LEED 2009 rating system. The USGBC released LEED v4 system in 2013. The structure
of the rating system is not different and can be easily updated. This paper is focused on illustration of
the idea). For this full model testing, the researchers made the following assumptions:

(1) This project is for a DoD Military Construction Project

(a) Minimum LEED certificate is Silver (50 points)

(b) Minimum % of Water Efficiency (WE) and Earth and Atmosphere (EA) points should be
greater than 40% among all the points of selected ones. (This constraint is adopted from a
2010 DoD policy document regarding LEED certification of new military construction
projects. All new military construction projects require 40% of LEED points to originate from
the Water Efficiency and Earth and Atmosphere categories.)

(2) This project is a balanced project (Pc = 0.5, Pp =0.5, Po = 0.5, and Pa =0.5).
With these assumptions, the full model incorporates the following three rules:

e All decision variables are binary. This constraint enables the model to select multiple
combinations of credits that satisfy the remaining constraints and then select the combination
yielding the minimal objective function value. (For this calculation, the researchers used
‘Evolutionary’ solution as the problem is non-linear.)

e The sum of selected credit LEED credit scores is greater than or equal to a threshold value.
For example, attaining LEED Silver certification requires 50 points. Without this constraint,
the model will never select any credits due to the objective function seeking the minimum sum
of credit scores. Incorporating this constraint ensures the model will seek the credits needed
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to attain the desired certification level based on the preferences entered into the model. (It is
recommended to aim for earning an extra 3 to 5 points because if the project is aiming for
exactly certificate points and one point is denied, the project would failed to earn the targeted
certification [2,7].)

e The sum of LEED credits from the Water Efficiency and Earth Atmosphere must be greater
than or equal to 40% of the total credits. This constraint is fairly easy to incorporate into the
model and easy to relax for non-DoD projects that do not have this requirement. For non-DoD
projects not requiring a certain percentage of credits come from these two categories, the
constraint value can be set equal to 0.

The researchers ran the program to find optimal selection of subcategories with these assumptions
and rules. The results of the full model test are shown in Figure 11. The model can be implemented on
different projects, but the researchers did not run all the cases due to time and resource constraints of the
researchers and as the researchers already proved the structure and logic and validated the objective
function using the four demo tests.

Pc 05 Pp 05
Po 05 Pa 05
Sites (Max: 26 points) Water Efficiency (Max: 10 points) Indoor Environmental Quality (Max: 15 points)
Credit | Binary Coef | Owner | A/E | Add! Cost | Points Score SumProduct Credit Binary Coef | Owner| A/E | Add' Cost | Points Score SumProduct Credit | Binary Coef | Owner | A/E | Addl Cost | Points Score SumProduct
551 0 1 5 0002 1 137611 0 WE 1 1 1 4 0.003 4 9.16E-14 4 IEQ 1 0 1 2 0,001 1 973607 0
552 1 3 2 0003 4 9.16E-14 4 WE 2 1 2 5 0002 2 8.98E-14 2 IEQ2 1 4 5 0,002 1 1.09E-14 1
553 1 4 5 0,001 1 107614 1 WE3 1 3 1 0,004 4 9.85€-13 4 IEQ3.1 1 5 4 0,001 1 107614 1
S54.1 1 5 4 0005 5 138617 5 IEQ3.2 1 4 5 0,001 1 107614 1
554.2 0 1 3 0004 1 119608 0 WE Credit Subtotal 10 IEQ4.1 0 5 4 0,002 1 1.09E-14 0
5543 1 3 5 0002 3 162615 3 S5 Score Subtotal 00000 1EQ4.2 0 1 1 0.001 1 3.07E-04 0
S54.4 1 5 5 0.001 2 27916 2 IEQ43 0 2 1 0,001 1 973607 0
555.1 0 2 1 0.001 1 9.73€-07 0 Earth and Atmostphere (Max: 35 points) IEQ4.4 0 1 3 0.002 1 114608 0
5.2 0 2 3 0001 1 2.936-10 0 Credit Binary Coef | Owner| A/E | Add'Cost | Points Score SumProduct IEQS 0 1 1 0.001 1 3.07E-04 0
56.1 0 2 1 0.001 1 973607 0 EA1 0 2 1 0003 3 3.05€-10 0 IEQ6.1 0 2 1 0,001 1 973607 0
556.2 0 3 2 0001 1 2.93E-10 0 EA2 1 2 1 0,005 5 100E-12 5 1EQ 6.2 0 1 2 0,001 1 973607 0
S57.1 0 2 1 0001 1 9.736-07 0 EA3 0 1 4 0001 1 2.93E-10 0 IEQ7.1 0 2 1 0.002 1 9.93E-07 0
557.2 0 1 1 0001 1 3.076-04 0 EA4 1 2 3 0001 2 134611 2 IEQ7.2 0 3 1 0,001 1 112608 0
558 1 4 3 0001 1 9.28E-13 1 EAS 1 3 2 0,002 3 947613 3 IEQ8.1 0 2 2 0,001 1 112608 0
EAG 0 2 3 0.001 1 2.93E-10 0 IEQ3.2 0 3 2 0,003 1 3.05E-10 0
S5 Credit Subtotal 16
S5 Score Subtotal 0 EA Credit Subtotal 10 IEQ Credit Subtotal 3
EAScore Subtotal  0.0000 IEQ Score Subtotal 3.23082E-14
Materials and Resources (Max: 14 points) Objective Function
Credit | Binary Coef | Owner | A/E | Add'l Cost | Points Score Sumproduct Minimize Sum of Selected Credit Cost-Benefit Ratios Innovation in Design (Max: 6 points)
MR 11 0 1 3 0,001 2 2.93E-10 0 Credit | Binary Coef | Owner | A/E | Addl Cost | Points Score SumProduct
MR 1.2 0 1 1 0,001 1 3.07€-04 0 Constraints D1 1 3 2 0,003 4 9.16-14 4
MR2 0 1 1 0001 2 9.736-07 0 50 >= 50 Minimum LEED Points D2 0 4 2 0,001 1 L3411 0
MR3 1 5 3 0.002 2 1.09E-14 2 40% >= 40%  Min % of WE and EA credits accounting for all points
MR4 1 4 5 0,001 2 150E-15 2 D Credit Subtotal 4
MR5 0 1 1 0.001 1 3.07E-04 0 D Score Subtotal 0
MR 6 0 2 2 0,001 1 112608 0 Project Summary
MR7 0 2 1 0.001 1 9.73€-07 0 50 Total LEED Points Regional Priority (Max: 1 point)
Silver  Estimated LEED Rating Credit | Binary Coef | Owner | A/E | Add' Cost | Points Score SumProduct
MR Credit Subtotal 4 42%  Estimated increase in total installation cost RP1 1 3 2 0.002 3 9.47E-13 3

MR Score Subtotal 0.0000
RP Credit Subtotal 3

Figure 11. The fully optimized model.

The selected subcategories are highlighted in green/shade at Credit section. The full model test results
show that the selection met the all the constraints and with this selection there is an estimated 4.2% of
additional project cost. In addition, the researchers were able to verify that the tool chose more credits
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from WE and EA categories which meet the constraints of 40% credits from these categories. This
further validated the results of the tool.

4. Conclusions

Because of the point variation in individual LEED credits, the costs associated with each credit, and
the possible range of differences between the owner and A/E’s sustainable design preferences, arriving
at an optimal strategy is challenging. To meet a need to provide the owners and the A/Es a tool to
compare between the LEED categories to arrive at the most desired LEED categories for a particular
project, the researchers developed a tool and developed an optimization model that can be utilized to
assist project teams determine which credits to pursue for LEED certification. This tool enables the
owners and A/Es to optimally select LEED credits taking into account potential benefits associated with
any LEED credit like feasibility, effect on the aesthetic value of the building, ROI. The LDRI tool was
designed to accommodate a large variety of construction projects seeking LEED certification. It can be
utilized for a wide range of project scenarios, given the potential range in owner and A/E above can be
used for any project, by any owner and A/E to efficiently evaluate and compare among the LEED
categories to select the most desired categories for a project. The LDRI tool is based on MS Excel
platform and MS Access database format and is very intuitive and easy to use. Users only need to follow
the steps outlined in the LDRI tool to rank the LEED credits, the reports with the necessary credits are
automatically provided by the LDRI tool. The LDRI tool will promote the owners to incorporate
sustainability in construction through the LEED certification by helping the project teams to make the
right green building decisions for their projects through an integrated process.

Ideas for improving this LEED credit review system and optimization model:

e Implementing Analytic Hierarchy Process (AHP) in the LDRI tool for selecting weights for
project drivers. The AHP developed by Thomas Saaty can be further used to evaluate the owner’s
preference and A/E’s preference for a particular LEED category based on some objective criteria
instead of a single value based on Likert Scale. This could involve assigning the owner’s
preference based on criteria such as aesthetic value index, ROI index, and marketing/publicity
index for a LEED category.

e Adding more factors to the tool to reflect the growing needs of the owners and the users. However,
in this case, the objective function in this paper may also need improvements.

Author Contributions

The study was designed by Jin Ouk Choi, Ankit Bhatla, and Chris Stoppel. Jin Ouk Choi,
Ankit Bhatla, and Chris Stoppel developed the model for optimization; Jin Ouk Choi and Ankit Bhatla
developed the LDRI tool for this study. Model design and English corrections were undertaken by
Jennifer Shane. Jin Ouk Choi, Ankit Bhatla and Jennifer Shane lead the preparation of the paper.

Conflicts of Interest

The authors declare no conflict of interest.



Sustainability 2018, 7 13369

Appendix

001 Main Menu x

ABOUT THE SYSTEM

GET STARTED
FEHE
CONTACT INFO {
QUESTION / ANSWER

Figure A1l. Main menu.

002 ABOUT THIS SYSTEM pd

LEED DECISION and REVIEW INDEX (LDRI)

-Introduction

LEED cartification is gaining importance with each pazsing day. With the government regulations getting stricter. many owners are going for voluntary
LEED certification for compliance as well as for gaining publicity from its implementation. The aim of this tool is to enable the owner and the A'E to select
the optimal LEED eredits based on a set of decisio criteria for each LEED credit based on the building under consideration

-Our objective Function for this tool is
LEED credit score = al x Owners rating + a2 x A/Es rating + a3 x Additional cost + ad x LEED points

-Background

The choice for LEED credits for a project is heavily influencad by the cost and the risk involved and many times cost is the only deciding factor for this
cheice. This tool allows for a mors balanced approach in the selzction of LEED credits whers owners and the A/Es concerns of feasibility, assthatic valus,
ROl ar= also taken care off apart from the additional cost associated with the cradit.

-Formula
Owners Rating = bl x Aesthetic Value + b2 x ROI + b3 x Marketing
A/Es Rating = bl x Aesthetic Value + b2 x ROI + b3 x Feasibility

-Azzumption
In this tool we are making the azsumption that the owners and the A/Es choice is influsnced only by the above mentienad variables.

This tool is 2asy to use. Usars just nead to follow the steps to rank the scores variable tables forms and reports will be automatically providad by this tool.

CLOSE

Record: M 1 of 1 [ I | Y}\ Mo Filter ‘ Search

Figure A2. About.
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003 GET STARTED

LEED DECISION and REVIEW INDEX (LDRI)

STEP 1: Enter project information and select who / what drives the LEED implementation-Owner / AE /
Cost.

STEP 2: Owner assigns importance to his decision variables- Aesthetic Value, Return on Investment and
Marketing / Publicity.

STEP 3: Owner ranks the LEED subcategories based on Aesthetic Value, Return on Investment and
Marketing / Publicity.

STEP 4: A/E assigns importance to his decision variables- Aesthetic Vale. Return on Investment and
Feasibility.

STEP 5: A/E ranks the LEED subcategories based on Aesthetic Value, Return on Investment, Feasibility
and enters the additional cost of the LEED subcategory

STEP 6: User prints report to select the optimal LEED credits for the project.

Record: M 1of1 ] Search

Figure A3. Get started.

005Q&A

LEED DECISION and REVIEW INDEX (LDRI)

Q1: When A/E can participate?

Al: AE participates after the owner has entered his ratings for the LEED categories and
subcategories.

Q2: How to get Reports?

A2: Both the Owner and A’E can view the report after finishing ranking the LEED
categories and subcategories. The reports however will be incomplete if any of the rating
is unavailable.

Q3: Where can I adjust my score?

A3: The score can be adjusted by selecting the desired project and then rating the LEED
categories and subcategories again.

Record: M 1of1 1] Search

Figure A4. Questions and answers.

LEED DECISION and REVIEW INDEX (LDRI)

= 006 START X

NEW PROJECT VIEW/SCORES

Record: H 10f1 L] Search

Figure AS. Start.
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e 007-1 OWNER/A/E X

LEED DECISION and REVIEW INDEX (LDRI)

ENTER INFO

A
1. Eater Owner Info.
gty PROJECT INFO -
3. Enter Project Info. J

Record: M 10of1 H Search

Figure A6. Owner or A/E selection.

=8 007-4 GENERAL INFO INPUT X

LEED DECISION and REVIEW INDEX (LDRI)

ke

o Prnjecl&Ni_mfe:' ~ABC Owmer TD:
E Pk - f/"; K
Projq;c‘g“]j‘escription: Engineering Building UT: ;”AIE D

f"«jﬁo'ect Date: =
't 1\’5‘& w o 11/20/2011 Project_ID:

i

Dean Keeton

ity: A\ /") “ Austin
i PR R, S e
“Sfite: A X y %
: £ e e
Zip: ok 78705- ) Append Records to
_(E 4 1 3 : Scores Table ;"f
Email:'-r_f ecj@utexas.edu . ,}’.:
. b f
PhoneNo: (234) 908-2390 # BACK.
Record: M 1 L T Search
Figure A7. Project information input.
B 007-6 CHOOSE PROJECT For Editing X

LEED DECISION and REVIEW INDEX (LDRI)

CHOOQOSE PROJECT

Project_ID v
1 ABC
2 RLM
3 Gregory
Next
BACK
Record: M 10f1 L] Search

Figure A8. Choose project for editing.
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B frmOwner

Owner Info.

Owner_Name
ABS
StreetAddress
Speedway
City

Austin

State

X

Pin

78712-

Email
sarf@sadfa.com

PhoneNo

(123) 456-7890|

Close

Record: H 1 P MK 4 Search

Figure A9. Owner information input.

=g frmA/E

A/E Info.

A/E_Name
Ankit Bhatla
StreetAddress
Dean Keeton
City

Austin

State

X

Pin

78705-

Email
anksdfg@defsdf.com
PhoneNo

(512) 659-8319

-

Record: M 1 oMk A Search

Figure A10. A/E information input.

=8| 008 PROJECT DRIVER

LEED DECISION and REVIEW INDEX (LDRI)

Project ID: 1
Driver Owner:  High v
Driver A/E: High v
Driver Cost: Low >
LEED LEVEL Silver v

20 @

Record: H 4 10f1 oMb Y Fittered  Search

Figure A11. Project driver.
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] 010 OWNER RANK X

LEED DECISION and REVIEW INDEX (LDRI)

WEIGHTS FOR OWNER'S PREFERENCE SCALE

Project ID: 1
Aesthetic Value: 3w
Rate of Return: 4~
Publicity / Marketing: 5w
ke
BACK
Record: M 4 10of1 oMb T Filtered Search

Figure A12. Weights for owner’s preference scale.

g 011 OVERVIEW AND PROCESS x

LEED DECISION and REVIEW INDEX (LDRI)

OVERVIEW AND PROCESS

The LEED 2009 Green Building Rating System for New Construction and Major Renovations is a set of performance
standards for certifying the design and construction of commercial or institutional buildings and high-rise residential
buildings of all sizes, both public and private. The intent is to promote healthful, durable, affordable, and environmentally
sound practices in building design and construction.

Prerequisites and credits in the LEED 2009 for New Construction and Major Renovations addresses 7 topics

- Sustainable Sites (38)

- Water Efficiency (WE)

- Energy and Atmosphere (EA)

- Materials and Resources (MR)

- Indoor Environmental Quality (IEQ)
- Innovation in Design (ID)

- Regional Priority (RP)

Back

Record: M 1of1 1] Search

Figure A13. LDRI overview and process.

g 012 OWNER SCORE x

LEED DECISION and REVIEW INDEX (LDRI)

OWNER PREFERENCE Project ID. 1
CAT Name: Energy and Atmosphere SUBCAT_ID: 1
SUBCAT Name SUBCAT Pt:  AESTHETIC VALUE RATE OF RETURN PUBLICITYMARKETING
Enhanced Commissioning 2 3V 3V 3V
Intent

To begin the commissioning process early in the design process and execute additional activities after systems performance verification is
completed.

Requirements:

Implement, or have a contract in place to implement, the following additional commissioning process activities in addition to the
requirements of EA Prerequisite 1: Fundamental Commissioning of Building Energy Systems and in accordance with the LEED Reference
Guide for Green Building Design and Construction, 2009 Edition:

- Prior to the start of the construction documents phase, designate an independent commissioning autharity (CxA) to lead, review and
oversee the completion of all commissioning process activities.

+ The CxA must have documented commissioning authority experience in at least 2 building projects.

+ The individual serving as the CxA:

Potential Technologies_Involved

Although it is preferable that the CxA be contracted by the owner, for the enhanced commissioning credit the CxA may also be contracted
through the design firms or construction management firms not holding construction contracts. The LEED Reference Guide for Green
Building Design and Construction, 2009 Edition provides detailed guidance on the rigor expected for the following process activities:

- Commissioning design review

- Commissioning submittal review

- Systems manual.

BACK

Record: M 10f49 L T S YFiItered Search

Figure A14. Owner preference selection.
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= 013 VIEW SCORE REPORT x
LEED DECISION and REVIEW INDEX (LDRI)
VIEW SCORE REPORT

Project_ID v

SHOW All Scores SHOW Rank

START MENU FINAL MENU

Record: H 1of1 ] Search

Figure A15. View score report.

= 022 1 A/E RANK X
LEED DECISION and REVIEW INDEX (LDRI)
WEIGHTS FOR A/E'S PREFERENCE SCALE

Project_ID: 1

Aesthetic Value: 3w

Rate of Return 4w

Feasibility: 3v

BACK

Record: 14 4 [10f1 r oMb Y Filtered - Search

Figure A16. Weights for A/E’s preference scale.

E= 024 A/E SCORE x
LEED DECISION and REVIEW INDEX (LDRI)
Project_ID:
A/E'S PREFERENCE o :
SUBCAT _ID: 1
CAT_Name: Energy and Atmosphere
Enhanced Commissioning SUBCAT_Pts: 2 AE_Aimed Pts 2
AE_Feasibility 3w AE_Aesthetic Value: 2 W AE_ROI Desired: 4 W AE_ExiraCost: 0.00%

To begin the commissioning process early in the design process and execute additional activities after systems performance verification
is completed.

Implement, or have a contract in place to implement, the following additional commissioning process activities in addition to the
requirements of EA Prerequisite 1: Fundamental Commissioning of Building Energy Systems and in accordance with the LEED
Reference Guide for Green Building Design and Construction, 2009 Edition:

- Prior to the start of the construction documents phase, designate an independent commissioning authority (CxA) to lead. review and
oversee the completion of all commissioning process activities.

* The CxA must have documented commissioning authority experience in at least 2 building projects.

* The individual serving as the CxA:

Although it is preferable that the CxA be contracted by the owner, for the enhanced commissioning credit the CxA may also be
contracted through the design firms or construction management firms not holding construction contracts. The LEED Reference Guide
for Green Building Design and Construction, 2009 Edition provides detailed guidance on the rigor expected for the following process

activities:
BACK

- Commissioning design review
- Commussioning submittal review

Record: M 10f49 LI 1 YFiItered Search

Figure A17. A/E preference selection.
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Bl 029 FINAL MENU X
LEED DECISION and REVIEW INDEX (LDRI)
OTHER REPORTS
START MENU
EXIT
Record: M 10of1 H Search
Figure A18. Check results/start menu.
B 030 REPORT MENU X
LEED DECISION and REVIEW INDEX (LDRI)
Project ID | AELSTREPORT |
v
OWNER LIST REPORT
PROJECT LIST REPORT
SCORE REPORT
RANK REPORT
BACK
Record: H 10of1 Ll Search
Figure A19. Report menu.
rptProjectScores
Sub Category Scores
Project_TD CAT Name SUBCATID SUBCAT Name SUBCAT Pt Score
1
Energy and Atmosphere 1 Enhanced Commissioning 2 12.94‘
Energy and Atmosphere 2 Enb d Refri; M: nt 2z 11.05
Energy and Atmosphere 3 Green Power 2 [ 11.0099)
Energy and Atmosphere 4 Measurement and Verification < 13.22‘
Energy and Atmosphere 5 On-site Renewable Energy 7 [ 164499
Energy and Atmosphere 6 Optimize Energy Performance 19 23.49
Indoor Environmental Quality 7 Increased Ventilation 1 12.3699‘
Indoor Environmental Quality 8 Construetion Indoor Air Quality Management T 1 12.76
Indoor Environmental Quality 9 Construction Indoor Air Quality Management 1 11.8
Indoor Environmental Quality 10 Controllability of Systems—Lighting 1 11.08
Tndoor Environmental Quality 11 Controllability of Systems—Thermal Comfort 1 13.97]
Indoor Environmental Quality 12 Daylight and Views—Daylight 1 8.39
Indoor Environmental Quality 13 Daylight and Views—Views 1 12.9199
Indoor Environmental Quality 14 Indoor Chemical and Pollutant Source Control 1 10.5799‘
Indoor Environmental Quality 15 Low-Emitting Materials—Adhesives and Scalar 1 11.5699
EEP I NPT acs = = v ae . 1 o e P E———
4

Figure A20. Report Sample 1.
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Rank by Scores

23.49 6 Encrgy and Atmosphere Optimize Energy Performance 19

17.77 22 hmovation in Design OInnovation in Design

17.3999 37 Sustainable Sites Altemative Transportation—Public 6

16.4499 5 Energy and Atmosphere On-site Renewable Energy

16.1299 48  Water Efficiency Water Efficient Landscaping 4

1591 24  Materials and Resources Building Reuse—Maintain Existing

Figure A21. Report Sample 2.
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