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ABSTRACT 
 
 

 For building owners, there are several factors that they must consider when thinking 

about whether or not a building has achieved the goals set up for it.  With increases in energy 

prices, knowledge about the damage being done to our atmosphere by humanity, an increased 

drive towards environmental stewardship, and social responsibility, sustainability has become 

more and more a priority for building owners.  A problem that building owners face when 

designing a building is trying to create a proper balance between reducing immediate costs and 

increasing the “greenness” of a building.  The construction industry’s technological 

breakthroughs and growing experience constructing green buildings is causing even those 

without sustainable inclinations to have to consider the possibility of going green due to the 

perceived benefits.  Owners now have to consider that while sustainable construction drives up 

the upfront costs of costs of buildings, it also reduces long term costs (e.g. utility bills) while also 

increasing potential benefits associated with building green (e.g. increasing worker productivity).  

Due to the implications that these decisions will have on owners and building occupants, owners 

need to have decision supports tools to be able to assist them in determining what building 

design alternatives are helping the owner achieve his or her goals. 

 The objectives of this research consist of the following (1) develop a sustainability 

decision support tool that is a hybrid of the analytical hierarchy process and the multiple attribute 

utility theorem; (2) design the decision support tool to process user inputs and determine how 

close a project came to meeting its sustainability goals; (3) set up the model to allow the user to 

be able to compare alternatives and chose the one that best meets the cost, LEED, and net-

zero/carbon neutral goal.
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

 

As humanity has continued to make great technological and innovative strides, we have 

begun to understand how our progress has negatively impacted our environment.  Despite our 

continued advances in the fields of engineering and science, and our ever growing understanding 

of how our lifestyles are damaging the Earth, we as humans still have not made a firm stand to 

reduce our wastefulness and to live a more sustainable existence that would allow for a more 

harmonious relationship with nature.  According to a report by John Houghton (2005), the Earth 

is encountering droughts, rising sea levels, inclement weather, a reduction of available fresh 

water, etc., due to the Earth’s rising temperatures.  This increase that is occurring in the Earth’s 

temperature is known to be linked to the ever increasing levels of greenhouse gases (GHG) that 

are lingering in our atmosphere.  The more we pollute our environment, the worse the 

temperature increases will become and the worse the damages will be.  Figure 1.1 shows a graph 

of the Earth’s average temperature change from preindustrial times until the year 2100.  The 

graph shows that the average temperature of the Earth will begin rising as a much faster rate than 

they had in previous years.  It is believed that the increasing levels of GHG’s is a cause for the 

rising temperatures and ever increasing sea levels.  A similar graph in the Houghton’s report 

displays how Earth’s sea levels are projected to rise within the range of 10-90 cm by 2100 (from 

the sea level elevation recorded in 1990).   
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Figure 1.1: Houghton (2005) Changes in Average Global Temperatures 

 

 As mentioned above, the consequences for not becoming more ecologically friendly are 

potential quite dire.  According to the EPA’s website section on Green Buildings, buildings 

account for 36% of total energy use and 65% of total electricity consumption.  Since buildings 

are consuming so much of the U.S.’s supplies of energy, it would be in our interests to determine 

ways to reduce energy demands being created by buildings.  By reducing our electricity demands 

(either through energy conservation measures and/or the use of renewable energy), we can 

expect a reduction in the amount of pollution (particularly carbon dioxide) that is released into 

the atmosphere every day.  

 

1.2 Problem Statement 

Due to the sheer size of the carbon footprint that is generated by commercial and residential 

buildings, it has become necessary to begin preparations to construct more sustainable buildings 

and to begin improving the efficiency of older buildings.  One of the ways of accomplishing this 
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goal is to follow the guidelines set up by sustainable building certification programs.  Programs 

such as the U.S. Green Building Council’s LEED (Leadership in Energy & Environmental 

Design) program, BREEAM (Building Research Establishment Environmental Assessment 

Methodology), and Living Building Challenge are a few ways that one can gain recognition for 

designing a sustainable building. One can also attempt to create a building that is carbon neutral 

or is a net-zero building.  These two particular measures aren’t similar to the other sustainability 

strategies, in that they don’t have a certification board (although Living Building Challenge does 

in certain respects accredit a building with a net-zero distinction).  The common similarity of all 

these sustainable building design strategies is that they all give guidance on how to construct a 

more sustainable building, but they all have their respective pros and cons.  In order to try and 

design a building to be as sustainable as possible, one must try and think in a holistic manner.  

The focus should not be on one sustainability element or indicator while ignoring other green 

elements that can be added to a building.   

 Another area that needs to be looked at is the costs associated with the decision to design 

a green structure.  When constructing a sustainable building, one should expect that there will be 

additional costs that will be added to the up-front costs of the building (such as the installation of 

energy efficient fixtures or the LEED certification costs).  Being that most projects work under a 

strict budget, it can be difficult for an owner to justify making the decision to make sustainable 

design a priority.  However, if the owner does make this decision, they can expect reduced costs 

associated with reductions in energy and water consumption Kats (2003) and through increased 

occupant productivity (Kats 2003, Singh and Sygal 2009, Lee and Guerin 2009).  Kats (2003) 

found that the benefits of LEED designed buildings, particularly Silver and Gold rated buildings, 
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tended to repay their initial investment back ten times.  Despite the financial gains that can be 

generated from building green, one cannot overlook the restriction that the initial costs create. 

 An element of decision making that can sometimes be left out by the decision maker his 

or herself is that person’s intuition and experience.  Some decision makers may feel the need to 

remove their own personal biases when making a decision.  Saaty (1994) describes the problem 

with this thinking by stating, “We have been brought up to believe that clear-headed logical 

thinking is our only sure way to solve problems.  We also believe that our feelings and our 

judgments must be subjected to the acid test of deductive thinking.  But experience suggests that 

deductive thinking is not natural. …traditional logical thinking leads to sequences of ideas that 

are so tangled that their interconnections are not really discerned.”   

  

The remainder of this section will discuss the various problems that will be addressed by this 

paper’s model: 

(1)   A non-holistic outlook on a project’s sustainability goals: 

As noted earlier, no sustainability accreditation system or strategy will perfectly meet all 

of the goals associated with sustainable building.  LEED certification has problems 

associated with its bureaucratic nature and how it considers energy efficiency.  A net-zero 

building or a carbon neutral building will have too narrow of a focus if they don’t look 

into a building’s water efficiency, indoor air quality, etc. 

(2) An inability to see the effects that a building’s costs and sustainability have on the 

project’s goals: 

 It can be difficult to judge how adding a sustainable element (i.e. a more efficiency 

HVAC system) will affect the project’s competing goals.  When more money is being 
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spent (whether it’s due to the addition of a more sustainable element to the project or not) 

it will begin to diverge farther from the project’s overall cost goals.  However, if the 

money is going towards making the project more sustainable, this will most likely cause 

the project to get one step closer to meeting its desired level of sustainability.  Due to the 

conflicting nature of these two goals, it can be challenging for a decision maker to know 

if their decision is in fact helping the project better meet its overall goals. 

(3) Disregard for the decision maker’s experience and intuition: 

As discussed by Saaty (1994), a decision maker can assume that they must completely 

remove their own personal experience with a decision prior to making up their mind.  

However, this is not always a particularly sound strategy.  For instance, the decision 

maker may still have to use their personal judgment to state which element of LEED 

should be a priority for the project.  Despite the newer versions of LEED adding in 

Regional Priorities credits, deductive reasoning may agree with personal judgment on 

focusing on water conservation efforts in an arid region.  Deductive reasoning may find 

that the water utility prices are quite low; and therefore, it would be a better to spend the 

money on other LEED credits or to just pocket the money and decrease the building’s 

initial cost.  However, the decision maker would know that water conservation in an arid 

region is of particular importance to the environment and would therefore make water 

conservation a priority.  Despite the fact that the decision to make water conservation a 

priority may not make sense look at the project’s bottom line and its LEED rating, it does 

make sense when you consider the overall sustainability goals of the project. 
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1.3 Research Objectives 

The goal of this research is to develop a model that will be able to consider the decision 

maker’s pairwise comparisons of several different building attributes and goals as well as data 

about the building to determine how close the building came to meeting its goals.  The goals for 

this particular system are a building’s costs, LEED credits, and a building’s net-zero and carbon 

neutrality characteristics.  Looking at the building’s costs and its sustainability, the model should 

be able to determine how close the project came to its goals.  The user could also test other 

alternatives in order to see which alternative would best fit the goals of the project (as per the 

decision maker’s preferences).  Utilizing a case study of a newly constructed library in 

Tallahassee, Florida, the model is tested and examined. 

 The objectives of this thesis include the following: 

(1) Examine elements of sustainability and cost that should be considered when assessing 

a building by creating various utility functions.   

(2) Develop utility functions for the LEED credit categories, cost categories, and net-

zero/carbon neutral categories.  Some of these utility functions will be generated 

utilizing information specifically about the building. 

(3) Integrate the utility functions with the pairwise comparisons using a spreadsheet.  

This will allow the user to input their own weighting system corresponding to the 

utility functions. 

(4) Generate a utility value for the project to state how close it came to meeting its 

various goals (i.e. the overall project goals, the cost goals, etc.). 

(5) Obtain information about the project’s level of sustainability and utility consumption 

utilizing Building Information Modeling (BIM). 
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1.4 Research Methodology 

This portion of the thesis will divide the research into three distinct phases.  The first 

phase in the literature review/problem identification phase.  This will be followed by the 

development of the model’s framework and by the implementation of the model utilizing the 

case study building.   

 

1.4.1 Literature Review/Problem Identification 

The first step of this phase was to investigate the various aspects of sustainable design 

and green building.  The objective of this step is to determine what constitutes sustainable 

design, what are the various sustainable design strategies, and how does a building receive 

sustainable certification.  The next step is to look into LEED v.2009 (this is the LEED system 

that was utilized by the case study library) in order to gain an understanding of how all of the 

credits are obtained and what a building must have or be able to do in order to obtain these 

credits.  The purpose is that through examining the LEED credits, it would become possible to 

learn how to generate utility functions for the various credit categories.  Next, net-zero and 

carbon neutral backgrounds were examined.  The objective of this phase was to determine what 

these green building strategies meant, how could they be obtained, and how can one develop 

appropriate utility functions for this category’s elements.  Another part of this phase was 

reviewing how to create a holistic version of sustainability by incorporating various sustainable 

elements into the model.  The next aspect of this phase was to examine the costs associated with 

green buildings.  Here, the various costs/benefits that are generally attributed to sustainable 

design were accounted for.  Finally, the Building Information Modeling platform, AutoDesk 

Revit, was investigated for use in this thesis.  The possibility for BIM to enhance the 
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sustainability of a project were reviewed as well as how to utilize BIM’s Green Building Studio 

add-on to obtain cost and sustainability info about the project. 

 

1.4.2 Development of the Model’s Framework 

 In this phase of the research, the framework of the model was developed.  Here the utility 

functions for the cost/benefits, LEED credits, and net-zero/carbon neutral design sections were 

developed.  These were combined with the development of the pairwise comparisons in order to 

develop a working model of the sustainability assessment spreadsheet.  Utilizing Multi-Attribute 

Utility Theory and the Analytical Hierarchy Process, the spreadsheet could determine the how 

close the project came to its overall and other goals.  The spreadsheet was then designed to give 

a series of graphs in order to aid the user in evaluating how close they came to satisfying each 

one of their project’s individual attributes. 

 

1.4.3 Model Implementation 

The final stage of the research was to implement the spreadsheet model by inputting data 

from the case study.  The case study consists of a newly constructed library that was seeking 

LEED Gold accreditation under the 2009 version of LEED.  The building had a Revit BIM 

model that was generated by the architect of the building, which will be used to house the output 

data created by the thesis’s spreadsheet model.  Utility information will be provided by the City 

of Tallahassee’s website for use in the model.  If one doesn’t have this data (either because it is 

not available or because the building still has yet to be constructed), then one can run a BIM 

model through Revit’s Green Building Studio (GBS).  By running the model through the online 

program, one can receive data about the project’s utility consumption, carbon emissions, etc.  
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Utilizing this data (whether from utility billings or from Autodesk’s Green Building Studio), one 

can then input this data into the spreadsheet’s utility functions.  Once all of the data is input into 

the system, one can then determine how close the model came to meeting its goals.  

 

1.5 Thesis Organization 

The thesis will be organized into six different chapters and an appendix.  The first chapter 

outlines an introduction to the problem being investigated by this thesis.  It then states plans to 

conduct the research and describe proposed solutions.  Finally the first chapter ends with this 

description of the thesis organization.  The second chapter consists of the literature review for the 

thesis.  The literature will be organized as follows; sustainability, LEED, net-zero/carbon 

neutrality, Analytical Hierarchy Process, and Building Information Modeling.  The third chapter 

presents the sustainability assessment model.  The fourth chapter illustrates the model’s 

implementation including in the data from the thesis’s case study.  The fifth chapter consists of 

conclusions and recommendations of the thesis.  Here the findings are reviewed, and conclusions 

and recommendations are made.  Also, limitations and suggested further research paths are 

presented here.   
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CHAPTER 2 

LITERATURE REVIEW 

 

 This chapter includes the literature review that was conducted in order to generate the 

framework for this paper.  The literature review begins by delving into green building and 

sustainability in general.  This is followed by a review of the U.S. Green Building Council’s 

LEED rating system and the costs and benefits associated with it.  Additionally, the paper looks 

at the concepts of net-zero buildings and carbon neutrality and how these concepts will add to the 

holism of this paper’s model.  The chapter concludes with an investigation of the Analytical 

Hierarchy Process (AHP), Multiple Attribute Utility Theorem (MAUT), and Building 

Information Modeling (BIM), so that one can better understand the logic behind the paper’s 

proposed model. 

 

2.1 Sustainable “Green” Design 

 Sustainable or green design is a philosophy in which the user tries to reduce the negative 

impact of a building or project on the environment.  The designer generally tries to leave as small 

of a carbon footprint as possible while designing a building that doesn’t sacrifice usability or 

livability.  When considering reducing the impact on the environment, one cannot overlook the 

project’s own environment (i.e. a building’s indoor environmental quality) or the financial 

impacts of choosing green alternatives.  The goal of a sustainable building is to provide a home, 

office, etc., which is in harmony with nature, creates a healthy environment for its occupants, 

minimizes waste, and seeks to conserve water and energy.  The above mentioned aspects of a 
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green building can be seen when working with the various different green building certification 

programs (e.g. BREEAM, LEED, and the Living Building Challenge).    

 

2.2 Leadership in Energy and Environmental Design - LEED 

 One of the programs utilized in this study to determine the building’s level of 

sustainability is the U.S. Green Building Council’s (USGBC) Leadership in Energy and 

Environmental Design (LEED).  The LEED program utilizes a system that awards credits based 

on whether or not a building achieves certain specified sustainability indicators.  The USGBC 

LEED website lists the five major categories of projects that LEED can be applied to.  These 

categories are as follows: LEED for Building Design & Construction, LEED for Interior Design 

& Construction, LEED for Building Operations & Maintenance, LEED for Neighborhood 

Development and LEED for Homes.  Each of these major categories lists the several different 

building types that the category encompasses.  The category of interest in this report is LEED for 

Building Design & Construction due to the fact that it is the category used for New Construction 

(NC) projects.   

 

2.2.1 LEED Certification 

 The main purpose of LEED is to have builders and designers follow certain sustainability 

indicators (these are represented by the credits) in order to construct a sustainable building.  The 

idea behind LEED is that the more credits a project obtains, the more sustainable the building 

will be.  The US Green Building Council’s website lists the various levels of sustainability that 

are obtainable and how many credits a project must obtain to achieve each level.  The levels of 

sustainability that LEED awards consists of LEED certified, LEED Silver, LEED Gold and 
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LEED Platinum; with LEED Certified requiring the fewest amount of credits and LEED 

Platinum requiring the largest amount of credits.  The amount of credits required for each 

accreditation level various based on the version being utilized (i.e. 2009 vs. Version 2.0) and on 

the category being utilized (i.e. LEED for Building Design & Construction vs. LEED for 

Homes).  

 Ideally, the main goal for making a building LEED accredited is to make it as sustainable 

as possible.  By making a building LEED accredited, the building should be more sustainable for 

the environment (when compared with a conventional building) by reducing its energy 

consumption, reducing its water usage, improving its indoor environmental quality, utilizing 

rapidly renewable materials for its construction, etc.  This philosophy can be seen by viewing the 

credit library and seeing what a building must accomplish to receive LEED credits.  Marie 

Auger’s article, “Green Building Certification is Growing in Popularity,” states that, “Compared 

to conventional construction, a ‘green’ home applying LEED standards and technology uses less 

energy and water and fewer natural resources; it creates less waste and is a good fit for the 

terrain, built with as little impact on the land as possible. It’s also believed to be healthier for the 

people living inside.”  In essence, one can see that the LEED program wishes to reduce 

environmental impact on the environment without losing any functionality of the building.   

 

2.2.2 LEED Benefits 

 Projects that have LEED accreditation generally are able to claim a range of benefits.  

Projects with LEED accreditation are expected to conserve resources (such as water and energy) 

to a certain degree in order to obtain their appropriate LEED credits.  For example, according to 

LEED New Construction version 2009, a project will receive two credits if the project is 
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expected to have a water savings percentage of at least 30% when compared to a baseline 

building, three points if the project is expected to have a water savings percentage of at least 35% 

when compared to a baseline building, and four points if the project is expected to have a water 

savings percentage of at least 40% when compared to a baseline building.  A similar system is 

used for determining the amount of credits to be awarded to a project based on energy savings.  

According to LEED New Construction version 2009, the credit EAc1 Optimize Energy 

Performance (Option 1) lists the minimum total energy cost savings that a building, when 

compared to baseline building performance, must achieve in order to achieve a certain amount of 

credit(s).  Table 2.1 shows the above mentioned percentages for new construction and existing 

building renovations and their corresponding quantity of credits earned. 

 

Table 2.1: LEED NC Credit Optimize Energy Performance EAc1 
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 Many of the benefits of LEED design (or sustainable design in general) are the above 

mentioned decreases in energy and water consumption.  A report to California’s Sustainable 

Building Task Force by Gregory Kats, determines the full range of benefits associated with green 

building.  The report lists how one could expect to pay less for utilities, operations & 

maintenance, increase worker productivity, etc. to generate savings over ten times the initial 

investment.  The report concludes that the 20 year net present value (NPV) for LEED Certified 

and LEED Silver buildings is $48.87 and the 20 year NPV for LEED Gold buildings is $67.31.  

The accumulated benefits associated with LEED construction are shown to outweigh the 2% 

premium associated with the choice to build a sustainable building.  The report then shows a pie 

chart (Figure 2.1) breaking down how much each type of savings effects the collective benefit.   

 

 
Figure 2.1 Kats Percentage Breakdown of LEED Savings 
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Another group of benefits that a LEED project can claim are an increased worker 

productivity and a reduction in work absenteeism.  Singh and Sygal (2009) determined from 

surveys given to workers who moved from a conventional, non-sustainable office to a LEED-

accredited office that workers generally had a higher productivity and lower absenteeism.  Singh 

and Sygal calculated a yearly savings that each of the two case studies can expect due to an 

increased productivity and a decrease in absenteeism and hours affected for those with a medical 

history of asthma and/or depression.  The authors concluded that case study one will save around 

$69,601 per year and that case study two can expect savings of around $250,694 per year.  One 

of the major reasons for the discrepancy between the two case studies is that the building in case 

study one has an occupancy of 56 people, while case study two has an occupancy of 207 people.  

Since the productivity gains are the major source of savings and they affect all of the building’s 

occupants (unlike the gains recorded for those with medical histories of asthma and/or 

depression), the number of occupants greatly affects the building’s savings.  Singh and Sygal 

then conclude the report and remark on the benefits of a LEED building by stating, “It was 

determined that life cycle benefits far exceed the incremental costs, indicating economically 

viable investments.  Overall, improvements in occupant well-being and productivity may also 

provide several trickle-down benefits. These may include reduced liability from improved well-

being, reduction in company-wide medical insurance premiums, increased client database 

resulting from improved marketability, benefits from reduced employee turnover rates etc.  Such 

effects have not been accounted for in this research, while these may add significantly to the 

overall economic benefits.”  Lee and Guerin (2009) looked at how a building occupant’s 

productivity and satisfaction were affected by working in a LEED-accredited building.  The 

study focused on looking at office layout, office furnishing, thermal comfort, indoor air quality, 
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lighting, acoustics, and cleanliness and maintenance in relationship to the overall workspace 

could affect the occupants’ satisfaction with their surroundings and their productivity.  The study 

concluded that only office furnishing quality had a significant effect on both the occupants’ 

workplace satisfaction and performance.  Lee and Guerin also noted that, “IAQ showed a 

significant positive relationship with occupants’ performances in overall workspace.”  None of 

the other above-mentioned qualities of the office had a significant impact on either the 

occupants’ performance and/or satisfaction with their workplace.    

One aspect of a building’s indoor air quality (IAQ) that can be improved is through a 

reduction in a building’s ability to cause Sick Building Syndrome (SBS).  According to the U.S. 

EPA’s report on SBS, “Indoor Air Facts No. 4 Sick Building Syndrome,” it is used to describe 

conditions where building occupants can experience varying health-related symptoms that appear 

to be related to spending any significant amount of time in a building.  These symptoms cannot 

be linked to any particular illness and no particular cause of the symptom can be found.  Those 

suffering from SBS seem to feel relief of the SBS symptoms upon immediately leaving the 

building that apparently causes these symptoms.  The term Sick Building Syndrome shouldn’t be 

confused with the similar term, Building Related Illness (BRI), which describes, “…when 

symptoms of diagnosable illness are identified and can be attributed directly to airborne building 

contaminants (US EPA 1991).”  The symptoms associated with SBS include, “headache; eye, 

nose, or throat irritation; dry cough; dry or itchy skin; dizziness and nausea; difficulty in 

concentrating; fatigue; and sensitivity to odors (US EPA 1991).”  The EPA’s states that SBS’s 

symptoms can alleviated through the removal of pollutants, an increase in the building’s 

ventilation rates, air cleaning, and communication and education.   
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 Fisk et al. (2011) conducted a study to further determine the benefits an improved indoor 

environmental quality can have for a building’s occupants and to determine how the costs would 

compare to the benefits.  The study looked at the effects of improving the indoor environmental 

quality for a large quantity of US office buildings, as opposed to just a couple of case study 

buildings.  Instead of removing existing HVAC systems and installing newer and greener ones, 

the study instead focused on the effects of increasing the ventilation rates of the existing HVAC 

systems.  Other effects that were looked into were the installation of air economizers for 

buildings that didn’t already have them, the elimination of indoor temperatures of greater than 23 

degrees Celsius during the winter, and the reduction of dampness and mold problems.  By 

improving a building’s indoor environmental quality, Fisk et al. determined that the occupants 

would enjoy the following benefits: an improved work performance, a reduction in sick building 

syndrome, a reduced work absence rate and an improved thermal comfort.  Upon reviewing the 

data, the study concluded that, “When using the ‘volumetric’ VR data from the EPA BASE 

study, annual estimated benefits of increasing office VRs, when below the target of 10 l/s per 

person, include increased work performance on the order of 1% and reduction in SBS symptoms 

by 13% to 19%... (Fisk et al. 2011).”  The study concluded that through the improvement of the 

IEQ, the projected total, non-overlapping annual benefits for the economy were “either $17 

billion or $26 billion, depending on the source of data on existing VRs (Fisk et al. 2011).”  

 

2.2.3 LEED Costs 

 One of the major roadblocks for industry-wide implementation of LEED are the 

somewhat uncertain, incremental costs associated with getting LEED accreditation.  The types of 

costs and their severities can differ depending on which cost element is being examined.  
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Gregory Kats report mentions that one can expect around 2% increase in upfront construction 

costs (or about $4/SF in California) for any building that is designed to be LEED certified, silver 

or gold.  Despite the additional initial costs, they were overshadowed by the net present value of 

all of the benefits associated with constructing a LEED building. The total net present value of 

the sustainability-related benefits was calculated to be $48.87/SF (for LEED certified or LEED 

Silver) and $67.31 (for LEED Gold or Platinum).  The associated costs of LEED have been 

shown to be minimal when compared with the potential benefits that are to be reaped from 

sustainability-orientated savings.  The costs of choosing to build a “green” building can be 

expected to decrease the more builders and designers gain experience working with sustainability 

in mind and with the decreasing costs of new technologies and renewable sources of energy. 

 

2.3 Carbon Neutral and Net-Zero Design 

 The second sustainability system that will be investigated for this thesis the concept of 

net-zero building/carbon neutral design.  The terms carbon neutral and net-zero tend to be treated 

in a manner that considers their end goals to be the same; however, the definitions of these two 

concepts differ in a few respects.  According to Archisage (2011), the difference between the two 

is that, “… a net-zero building produces as much energy (or more) than it uses in a year.  A 

carbon neutral building on the other hand does not use any fossil fuels in its operation.” Pless 

(2010) delves further into explaining a net-zero building by stating that it is, “… a residential or 

commercial building with greatly reduced energy needs.  In such a building, efficiency gains 

have been made such that the balance of energy needs can be supplied with renewable energy 

technologies.”  Meanwhile, Zimmerman (2010) explains how carbon neutral buildings are those 

that generate, “100% of power from renewable sources on-site all the time.  That means it is 
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completely grid-independent and therefore is never using any fossil-fuel-generated energy from a 

power plant.”   

The definitions of these two concepts (carbon neutral building and net-zero energy 

building) tend to evolve and change over time; however, they both are made achievable through 

an increase in energy efficiency and an increase in on-site renewable energy generation.  Both 

energy efficiency and on-site renewable energy generation are necessary in order to achieve one 

of the most stringent of all green building certifications; the ‘living’ status from the Living 

Building Challenge.  For a building to achieve this distinction, it must satisfy an imperative 

called “Net-Zero Energy.”  The website for the Living Building Challenge states that, “One 

hundred percent of the project’s energy needs must be supplied by on-site renewable energy on a 

net annual basis.”  As such, a building meeting this demanding requirement would classify as a 

net-zero building and a carbon neutral building.   

 According to the Pless’s report to the U.S. Department of Energy on net-zero buildings, 

the energy performance of a net-zero energy building can have several different definitions based 

on the project’s sustainability goals.  Net-zero site energy defines a net-zero energy building 

(NZEB) that produces at least as much renewable energy as it consumes over the course of a 

year.  Net-zero source energy is a source net-zero energy building where the building produces 

(or purchases) as much renewable energy as it uses in a year, when accounted for at the source.  

Net-zero energy costs describes a scenario where the owner of the NZEB is paid at least as much 

money as he or she pays the power company.  This scenario describes a situation where the 

owner will buy power from the power plant when power is required and sell power generated 

from renewable sources when there is an overabundance.  The net result should be that the owner 

will either break even or receive money from the power company over the course of one year.  
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The final definition is for net-zero emissions, which describes a situation where a NZEB 

“…produces (or purchases) enough emissions – free RE to offset emissions from all energy used 

in the building annually (Pless 2010).”     

 Pless’s report broke net-zero energy buildings into four different classifications based on 

the way that they generated and/or purchased their renewable energy.  Class A NZEB’s are the 

highest classification obtainable.  A building is given the NZEB-A grade if the building 

generates all of its renewable energy from sources within the building’s footprint that are directly 

connected to the building’s electrical or water chiller system.  A Class B NZEB is a building that 

produces all of its energy on-site; however, at least some of the energy is generated from outside 

of the building’s footprint.  Class C and Class D NZEB’s require the use of off-site renewable 

energy sources in order to supply all of the power that its inhabitants require.  All of the classes 

of NZEB are shown in Table 2.2 with a description how each of these classes obtain their 

renewable energy and which of the net-zero energy definition(s) each of the classes satisfy. 

 

Table 2.2 Pless’s Application of NZEB Definitions 
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2.3.1 Designing a carbon neutral and/or net-zero energy building 

 The design of a net-zero energy and/or carbon neutral building requires a good deal of 

planning and engineering design.  In order to get a building to become independent of external 

(especially non-renewable) energy, one needs to reduce energy consumption levels and/or 

generate renewable energy.  Both methods reduce the quantity of non-renewable energy required 

for a building to be able to supply its occupants with adequate power.  To try and meet net-zero 

or carbon neutrality goals, (Pless 2010) describes how one should focus primarily on reducing 

energy consumption and then secondarily on the generation of renewable energy.  This statement 

seems quite logical since the installation of renewable energy systems can be quite expensive in 

comparison to trying to reduce energy consumption.  

 

 
Figure 2.2 NREL Wind Resource Potential Map 

 

 The ability to harness renewable energy can also be quite low in regions where wind and 

solar energy aren’t projected to produce large quantities of energy.  For example, one can assume 

that setting up wind turbines in the Midwest would produce a larger amount of wind energy than 
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if the same turbines were set up in the Southeast.  Figure 2.2 shows a wind energy potential map 

created by the National Renewable Energy Laboratory.  Using this map, one can see that some 

areas of the country are better suited to generate wind energy than other regions. 

 The ability for a project to be able to generate renewable energy isn’t completely linked 

to its ability to generate energy from wind power.  The other major source of renewable energy 

that can be generated is solar energy.  The quantity of solar energy that can be generated at a site 

is dependent upon the project’s location.  Figure 2.3 shows a similar map of the Unites States; 

however, this time the map is showing the solar potential (in kWh/m^2/Day). 

 

 
Figure 2.3 NREL Photovoltaic Solar Resource Map  
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Figure 2.3 shows that the southwest region of the United States would be an ideal 

location for solar panels.  In these locations, one can assume that the maximum amount of energy 

could be picked up (over 6.5 kWh/m^2/Day in some regions).  In these southwestern regions, it 

might behoove one to make an investment into solar energy due to the potential for sizable 

benefits.  For any regions that aren’t in renewable energy hotspots, and even perhaps in these 

cases, one may want to investigate how to reduce energy consumption before delving into the 

potential to generate renewable energy.  

 

2.3.2 Costs and Benefits of Net-Zero and/or Carbon Neutral Design 

 A building that is designed to be net-zero or carbon neutral will have a lower energy 

consumption rate than a standard comparable building that isn’t designed to be energy efficient.  

The reduction in energy demand will result in lower utility bills, thus saving money over the life 

of the building.  In many ways, the energy-related savings associated with LEED buildings are 

the same as those in net-zero and carbon neutral buildings.  More efficient fixtures lead to 

lowered energy consumptions, which are then followed by reduced utility costs.  Newton (2008) 

state that, “The Energy Efficiency and Greenhouse Working Group (2003) in Australia estimated 

that energy consumption improvements of 15-35% could be achieved under the conservative 

assumption that existing technology was used and that the change would pay for itself in 4 

years.”  These reductions in energy consumption also have the added benefit of reducing 

pollution created by the consumption of energy.  It is vital that buildings work towards reducing 

their pollution generation, because according to the U.S. Department of Energy’s 2011 Data 

Book, buildings (both commercial and residential) accounted for 41% of the U.S.’s primary 

energy consumption, and buildings accounted for 74% of the U.S.’s electrical consumption.  

Since so much of the energy being consumed by the United States is taking place in buildings, it 
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is only logical to aim to reduce the amount of pollution that is being generated from these 

sources.   

 In order to be able to tap into these energy savings, we must begin to adopt many of the 

sustainable technologies that exist and begin to further research those technologies that are begin 

developed.  According to Newton (2008), there are three different horizons that contain various 

technologies that differ in their impact, type of technologies, and possible implementation dates.  

The horizons vary from the first horizon (innovations that can be implemented now) to the third 

horizon (innovations that are 15-20 years away from being implemented).  These innovations 

mentioned in the third horizon are going to be based on, “…planning concepts and technologies 

which are drastically different that those currently operating.”  Newton states that when people 

finally change their attitudes towards the environment (in a positive manner) and when Horizon 

three innovations are taking effect, then its starts being possible for people to begin living 

sustainable lives.     

 

2.3.3 Net-Zero Energy Building Certification 

 As mentioned in previous sections, the Living Building Challenge is a certification 

system that awards the designation of “living” status to a select few buildings that meet a strict 

set of criteria (called “imperatives”).  However, due to the difficulties in obtaining the “living” 

status, one can try and obtain the Net-Zero Energy Building Certification.  This certification is 

awarded to those who complete the net-zero energy imperative (which was described earlier in 

the chapter) along with four other imperatives (Limits to Growth [in part], Rights to Nature, 

Beauty + Spirit, and Inspiration + Education).  One all of these imperatives have been met, one 

can obtain the Net-Zero Energy Building Certification.  If one manages to receive this 
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certification, the building can claim that it meets the criteria to be considered a NZEB and a 

carbon neutral building.   

 

 McLennan (2008) states that, “The standard is in no way meant to compete with the 

LEED ® Green Building Rating System...,” but that, “…it establishes a vision for a project’s 

environmental and social responsibilities from a new vantage point.”  The Living Building 

Challenge isn’t meant to be seen as a replacement to LEED, but as something that can be 

attainable for those buildings that are sustainable beyond standard LEED Platinum levels.  

 

2.3.4 Holism 

 The major reason for researching two different systems to measure a project’s 

sustainability is to be able to look at sustainability in a more holistic manner.  There is no one 

accepted measure of sustainability that addresses each and every element of green building.  

While each of these measures address certain important aspects of sustainability, there will 

always be valid critiques of these measuring systems due to the complex nature of trying to 

define sustainability.   

One of the earlier critiques of LEED had been its lack of sensitivity to a region’s local 

environment.  Nancy (2005) writes how despite the fact that water efficiency is highly valued an 

arid climate, one can still receive the same number of credits for water conservation in Phoenix 

as one could for a project in Seattle.  LEED’s newer editions have made headway into fixing this 

by including Regional Priority Credits, which would allow for a project in an arid region to be 

able to receive more points for water conservation than a project located in a temperate or sub-

tropical region.  Nancy (2005) and Murphy (2009) have claimed that the costs associated with 
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receiving LEED accreditation are too high, the process takes up too much time and requires too 

much paperwork.  Carter (2010), Nancy (2005) and Murphy (2009) have all noted that LEED 

suffers from the fact that it doesn’t ask for energy savings data to be taken post-occupancy.  The 

energy savings data needs only to be taken from estimated values (from energy modeling).  As a 

result of this, LEED doesn’t enforce a building to live up to its estimated energy savings.  Since 

LEED doesn’t enforce that the building lives up to its energy savings, buildings can function at 

levels much further below their target levels without any chance of having the building’s LEED 

rating being effected.  The inability and lack of desire for the USGBC to be able to track energy 

savings and strip a building of its LEED accreditation (or demoting its status) is one of the more 

common complaints associated with LEED.  Carter (2010) and Murphy (2009) also noted that 

there are concerns over the USGBC’s proclamation that LEED buildings have the benefits that 

they do.  One of the major LEED benefits that has been under scrutiny is LEED’s claim that 

LEED buildings tend to use 25-30% less energy than conventional buildings.  These energy 

savings are considered to be overstated due to a poor sampling distribution of buildings being 

examined in the study (Murphy, 2009).   

 In light of these various critiques of LEED and of sustainability measuring 

systems in general, it becomes necessary to find a holistic way of determining how sustainable a 

project is.  To do this, this study is looking at two different way of measuring sustainability to try 

and make up for each method’s weaknesses.  Some of the critiques above mentioned that LEED 

has issues with energy efficiency and how it measures energy savings.  By factoring in net-zero 

energy and carbon neutral design to the LEED accreditation system, one can gain a better 

understanding of a building’s overall sustainability.  In the same sense, LEED allows one to see 

the various aspects of sustainability (e.g. site selection, water efficiency, etc.) that one wouldn’t 
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otherwise be able to see due to the narrow focus of net-zero and carbon neutral design.  In 

sustainability’s attempts to overcome behavioral, organizational, and financial barriers, Cali 

(2010) wrote that there is a need for holism by stating, “A holistic design approach to encourage 

independence and shared responsibility among the many players in the building value chain early 

on in the design process to optimize the building’s performance rather than single components 

only.”  Here Cali alerts us to the fact that a holistic design approach can allow us to look at 

sustainability as a whole instead of focusing in on specific sustainability indicators.  A holistic 

view of sustainability will prevent one from losing sight of the main goal (the project’s overall 

sustainability) and ensure that the project’s sustainability goals best match up with the overall 

definition of sustainability. 

 

2.4 Decision Making Methods 

 This decision making tool utilized by this model is one that combines two different 

decision making tools; the Analytical Hierarchy Process (AHP) and the Multiple Attribute Utility 

(MAUT) Theory.  According to Ramanathan (2001), AHP’s advantages over other mulit-criteria 

methods are, “its flexibility, intuitive appeal to the decision makers (experts and stakeholders 

here), and its ability to check inconsistencies (Saaty 2000).”  These advantages of AHP can be 

combined with MAUT’s, which according to Velasquez and Hester (2013) has the major 

advantage of, “…it takes uncertainty into account.  It can have a utility assigned to it, which is 

not a quality that is accounted for in many MCDM methods.”  By synthesizing these two 

methods in a similar fashion to that depicted in Dwyer 1999, the decision making tool can take 

the benefits associated with AHP while reducing its corresponding disadvantages by combining 

it with MAUT. 
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2.4.1 Decision Making 

 In order to make a quality selection amongst a set of alternatives, a decision maker has to 

take into account several different criteria and goals.  According to Saaty (1994), “Rationality 

requires developing a reliable hierarchy structure or feedback network that includes criteria of 

various types of influence, stakeholders, and decision alternatives to determine the best choice.”  

A building designer has to take into account various stakeholders (the owner, building occupants, 

contractors, etc.) and decision alternatives (a building’s cost, LEED credits, etc.) while 

undergoing the design process.  These various constraints and viewpoints require the decision 

maker to consider all of these factors while also adding in his or her own intuition and 

experience as well as considering the associated risks.  Pohekar and Ramachandran (2004) state, 

“In multiple objective decision making, the alternatives are not predetermined but instead a set of 

objective functions is optimized subject to a set of constraints.  The most satisfactory and 

efficient solution is sought.” 

 Saaty (1977) breaks down the process of decision making into the following steps: 

1. Structure a problem with a model that shows the problem’s key elements and their 

relationships. 

2. Elicit judgments that reflect knowledge, feelings, or emotions 

3. Represent those judgments with meaningful numbers 

4. Use these numbers to calculate the priorities of the elements of a hierarchy 

5. Synthesize these results to determine an overall outcome 

6. Analyze sensitivity to changes in judgment 
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This breakdown of the decision making process allows one to take into account both the 

experience and the intuition of the decision maker showing how the problem is broken down into 

its various hierarchies.  

 

2.4.2 Multiple Attribute Utility Theorem (MAUT) 

Multiple Attribute Utility Theory, as defined by Butler et al. (2001), “A MAU analysis of 

alternatives… explicitly identifies the measures that are used to evaluate the alternatives, and 

helps to identify those alternatives that perform well on a majority of these measures, with a 

special emphasis on the measures that are considered to be relatively more important.”  The High 

School Operations Research website describes MAUT as, “Multi-Attribute Utility Theorem 

(MAUT) is a structured methodology deigned to handle the tradeoffs among multiple 

objectives.”  It is a methodology of Multiple Criteria Decision Making (MCDM) for solving 

scenarios where tradeoffs must occur between conflicting goals.  Dyer et al (1992) mentions that 

sometimes MAUT is “subsumed” under MCDM, however, it is “usually treated separately when 

risks or uncertainties have a significant role in the definition and assessment of alternatives.”   

The breaking down of problems into their appropriate hierarchies is a vital step in 

MAUT.  The problem is broken down by separating the main goal (highest hierarchy) from the 

criterions (second level hierarchy), separating the criterions from the sub-criterions (third level 

hierarchy).  At the very bottom of the hierarchy are the project’s alternatives.  All of these 

elements together form the hierarchy structure associated with the complex problem (Pohekar 

and Ramachandran, 2004).  Figure 2.4 shows the logical process that occurs while dealing with a 

multi-criteria decision making process. 
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Figure 2.4: Multi-criteria Decision Process (Pohekar and Ramachandran, 2004) 

 

 According to Baird (1989), the term “utility” refers to the relative liking on the part of an 

evaluator for particular outcomes.  The utility values have a range of values, which are defined 

by a lower bound, UL, and an upper bound, UH.  The UL value correlates with a degree of liking 

of zero.  In this case, the user does not like the attribute in any manner or fashion.  The upper 

bound, UH, is indicative of a value that has a degree of liking of 1.0, which is the greatest level of 

liking that can occur in a utility function.  A utility value of 1.0 indicates that the user is 

completely satisfied with the status of the particular attribute.  According to Ghanem (2007), 

“The main consideration is how to structure and assess an aggregate utility function such that:  

  U(x1, x2, ..., xn) = f[u1(x1), u2(x2), …, un(xn)], “  Equation 2.1 

“Where Ui designates a single utility function over single attribute xi.” 
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 Between the two values, UL and UH, there is a range of numbers that the utility function 

can end up being.  Between the range of these numbers consists of values that represent a degree 

of liking that falls somewhere between the UL extreme of a zero degree of liking and the UH 

extreme of total liking.  Ghanem (2007) states that, “For utility independent attributes, the 

additive multiple attribute utility function takes the form 

  ui(y1, y2, …, yn) = w1u1(y1) + w2u2(y2) + … + wmum(ym),” Equation 2.2 

 “Where uiyi = single attribute utility function for attribute i and ranges from 0.0 to 1.0, yi 

range of values taken by attribute i; and corresponds to the relative importance of attribute i.”  

 According to Ghanem (2007), a utility function can exist in three different forms based 

on the user’s desire to take on risk.  “The list of applicable standard forms of utility functions 

(Lifson and Shaifer 1983) includes three types…”  The three forms are risk averse, risk neutral, 

and risk seeking.  The equations for these three forms are given below: 

“U(x) = A(1+eBx) Equation 2.3 

U(x) = Ax + B  Equation 2.4 

U(x) = A + Bcx Equation 2.5 

Where, U(x) is the utility value for attribute x, 

X= the decision attribute’s level 

A, B, c = constants.” 

 These values can be visualized better by viewing Figure 2.5, which shows the three types 

of utility functions plotted out on a graph.  Utility theory allows for either of the three types of 

risks to be accounted for when calculating an attribute’s utility value.  The level of risk 

accounted for depends on the user; however, risk neutral tends to be the most commonly 
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assumed level of risk desired.  This also tends to simplify calculations because the graph for a 

risk neutral attribute is a straight line. 

 

 
Figure 2.5: Differing Types of Utility Curves 

 

2.4.2.1 Utility Theory Hierarchy  

 Ghanem (2007) explained that, “organizing of a model in a hierarchal structure is a good 

way to define different levels of objectives.”  Seeing how this model, as well as the one utilized 

by Ghanem, combined MAUT with a decision making tool requiring the use of hierarchies 

(AHP), a hierarchy needs to be developed for the model.  The hierarchy will allow for the 

breaking down of a problem into several goals/objectives that must be further broken down into 

attributes.  These alternative attributes are the lowest level in the hierarchy and make up the 

various characteristics that define their overarching objective.   

 

2.4.2.2 Utility Function Generation 

The development of a MAUT model requires the creation of several single utility 

functions that are generally independent of the other attribute functions.  The attribute functions 

will be developed according to some measure which may or may not consist of something 
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tangible. These functions will be developed by either Equation 2.3, 2.4 or 2.5, depending on 

which level of risk is being assumed by the decision maker.  These equations will utilize the 

inputs of a UL, UH and a yi value in order to calculate a utility value for the attribute that is from 

0 to 1.0. 

 

2.4.2.3 Attribute Weights   

 Each of the attribute’s utility functions will have a weighting associated with it in order to 

give the model the ability to understand preference.  For example, the model will understand that 

it most likely will favor alternatives that have high utility values with attributes that also have a 

large weight.  There are several ways to determine the weighting systems associated with 

MAUT.  Bulter et al. (2001) mentions the use of the trade-off method and the Analytical 

Hierarchy Process as methods that can be used to determine weights for the utility functions.  

Ghanem 2007  

 

2.4.3 Analytical Hierarchy Process 

 The Analytical Hierarchy Process is the other decision making tool utilized in this thesis 

for determining how well an alternative meets its goals.  Unlike MAUT, AHP decides whether or 

not a project has met its objective through the use of pairwise comparisons.  These pairwise 

comparisons allow the user to weigh the attributes and criteria so that the model understands 

which of the attributes/criteria are vital for the project to succeed and which are not considered to 

be important.  The system was developed by Saaty and has been written about in length in Saaty 

(1980, 1989, 1999).   
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 Joshi and Ravi (2010) describe the requirements in order to properly carry out the 

Analytical Hierarchy Process.  They describe the first requirement as developing the elements of 

a problem.  This is stating that the decision maker should develop the criteria, attributes, and 

alternatives for the project.  The second requirement is the ordering of the various elements into 

a hierarchal structure.  This requirement consists of placing the project’s goal at the very top with 

the criteria being placed beneath the goal, the attributes being placed beneath the criteria, and the 

alternatives being placed at the very bottom of the model.   

 The third requirement listed by Joshi and Ravi (2010) is the development of pairwise 

comparisons in order to develop the relative importance of the various elements against one 

another.  These pairwise comparisons develop the weighting system that makes one element 

more important than another.  The final requirement they state is the synthesizing of human 

judgments to give importance to decision elements.   

 

 
Figure 2.6: AHP Logic Diagram by Joshi and Ravi (2010) 
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 When the user is developing their pairwise comparisons, he or she will use the one shown 

in Table 4.1 as a guideline.  This table gives a general guideline to those attempting to generate 

pairwise comparisons by telling the user what number to enter based on a description of the scale 

used.  For example, if attribute A is of an extreme level of importance greater than attribute B, 

they what to input for the pairwise comparison of the two elements.  

By calculating the weights, one can generate the Consistency Ratio for a set of pairwise 

comparisons in order to see if the decision maker’s judgments are sound.  The weights are 

formed into a matrix similar to the one in Figure 2.7. 

 

 

 
Figure 2.7: Sample Comparison Matrix (Ghanem 2007) 

 

 By determining the dominant eigenvector for each comparison matrix, and comparing it 

with the appropriate value from the Random Indices table (Table 2.3) created by Saaty (1980), 

one can determine if the decision maker is producing sound judgments.  So long as the final 

value, the consistency ratio (CR), is below 0.1, then the decision maker’s choices were sound for 

that comparison matrix and he or she can move on. 

 

Table 2.3: Approximated Random Indices RI (Saaty 1980) 
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2.5 Building Information Modeling Platform 

 The use of a building information modeling (BIM) platform in regards to this thesis is as a 

location to store information associated with the utility values of the model.  A building 

information modeler is a computer program that allows the user to see their design in 3 dimensions 

while also knowing that the program has an understanding of what the drawings are related to.  In 

traditional 3D CAD, the program can generate 3D shapes, however the program doesn’t 

understand that a certain shape is representative of an object.  In BIM, the model understands that 

what a column or beam is and takes into account its properties when necessary.   

 Krygiel and Nies 2008 determined that BIM aids in energy modeling, building massing, 

water harvesting and day lighting analyses.  These tools allow for a better understanding of how 

the building will consume energy and where improvements to its energy efficiency can be made.  

One way to improve energy efficiency is through passive solar techniques such as building 

orientation.  With the help of BIM, one can determine the best way to orientate a building so as to 

maximize daylighting, and therefore, reduce energy consumption. 

 Azhar et al. (2011a) looked into the ability of BIM to generate a return on investment 

(ROI).  Upon viewing a set of case study buildings, the authors concluded that the ROI for BIM 

varied between 634% and 1633%.  Azhar (2011a) stated that BIM also had use in cost estimating, 

facility management, and for visualization and the fabrication of shop drawings.  Taylor and 

Bernstein (2009) determined that there are four paradigms in the implementation of BIM.  They 

found that it started with visualization and went to coordination to analysis and finally to supply 

chain integration.  The authors found that most firms started off with BIM’s use as a visualization 

tool and then they generally expand out from there. 
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 Barnes and Castro-Lacouture (2009) postulated that they could develop an optimization 

tool that could use the building geometry and LEED NC formulas to make some LEED 

calculations.  The hope was that they would be able to develop a toolbar in Revit that would aid 

the user in these calculations.  Bynum et al. (2013) concluded that the earlier in the design phase 

the more effective BIM was at benefiting the project.  

 

 Nyugen 2010 concluded that one can store sustainability indicators into a BIM file to aid 

in recording elements of a project’s sustainability.  Kim et al. (2011) and Kim et al. (2013) utilized 

the energy modeling program, DOE-2, in order to generate quick and accurate energy 

measurements.  Kim et al. (2013) then compared the results to AutoDesk’s Green Building Studio 

and Energy Plus. 

 

2.5.1 Green Building Studio 

 Autodesk’s Green Building Studio is one of the methods for calculating a building’s carbon 

footprint and expected energy consumption rates.  According to AutoDesk’s website, Green 

Building Studio is an energy analysis software that generates an energy model of the building.  

GBS also looks at the water usage charts, carbon emissions, daylighting analysis, and location of 

the sun.  The authors suggest the use of this or another energy analysis software in order to 

determine carbon emission and water and energy consumption values.  This is particularly 

important if no actual data exists yet due to either it being too early in the design phase or because 

the building hasn’t been in operation long enough to be able to give an accurate measure of these 

values.   
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Figure 2.8: Read Out of Energy Analysis Done by AutoDesk’s Green Building Studio 

 

2.6 Life Cycle Cost Equations 

 The Life Cycle Cost method was used in order to determine the net present value of 

future costs and benefits.  Using this method, as described by Stanford University’s document, 

Guidelines for Life Cycle Cost Analysis, the model can develop benefit to cost ratios of an 

investment.  The user can then compare this value with desired and minimum acceptable benefit 

to cost ratios.  An example of these equations is given in Appendix I.  These equations are visible 

in the “LCC Calculations” tab in the model. 
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CHAPTER 3 

SUSTAINABILITY ASSESSMENT MODEL 

 

 This chapter will explain how the proposed decision-making model will function and 

how the information from the literature review will be used in this model.  The model will be 

utilizing a combination of the Analytical Hierarchy Process (AHP) and the Multi-Attribute 

Utility Theory (MAUT) to generate utility values for sets of competing alternatives.  The project 

goal is broken down into several criteria, which are then broken down into sub-criteria.  This 

report’s spreadsheet will utilize AHP to determine a set of weights for the criteria and sub-

criteria.  MAUT will be utilized by the spreadsheet to develop utility functions that will allow for 

the user to deductively determine if a sub-criteria is meeting its goals.  The final product is a 

utility value for an alternative that can be compared with the utility value(s) of other 

alternative(s) in order to determine which of these alternatives bests fits the project’s goals. 

    

3.1 Assessment Model 

The project’s goals are met through the satisfaction of a set of three differing criteria; the 

project’s ability to obtain LEED credits (and thus some form of LEED accreditation), the 

project’s costs/benefits (associated with choosing to build in a sustainable manner, and the 

project’s ability to approach a net-zero/carbon neutral design.  Each of these criteria is further 

broken down into sub-criteria.  It is the project’s ability to meet these sub-criteria that decides 

whether or not the project is meeting its goals for each of its individual criteria.  In order for the 

user to determine whether or not a sub-criteria is being met, a utility function is generated to 

show how close the sub-criteria is to meeting’s its desired goals.   
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Figure 3.1: Logic Flowchart of Model 
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Figure 3.2: Steps for Using Model 
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3.1.1 Model Description 

Figure 3.1 shows a logic flowchart that displays the step-by-step method to properly use 

the model.  This section will describe how the model works and what needs to be input in each 

step.  The following sections will describe how the various elements researched in the literature 

review are used in this model. 

 The first step of the model is the development of the project’s goals.  This process is 

where the user must think about what the project hopes to accomplish or how close the project 

has come to meeting its goals (in the case of an already constructed building).  The user should 

also obtain any information available about the building’s LEED goals, costs (especially those 

associated with sustainable design), desired benefits associated with sustainable design, and 

information that can contribute to a project’s ability to be net-zero/carbon neutral.  If possible, 

the user may also wish to run its Revit file through Autodesk’s Green Building Studio or gather 

up data to give an adequate estimate for the building’s utility consumption.  If the building has 

already been constructed, then the user can utilize utility billings to determine costs and 

quantities for energy and water consumption.    

Utilizing AHP’s ability to take a user’s expertise and knowledge on a subject and 

integrate it with the decision making process, the program can take into account the user’s 

preferences to make a judgment that is not only sound in a deductive manner but also one that 

meets the goals of the project as specified by the user.  In order to do this, the program must as 

the user to determine the relative importance of one criteria to another.  This allows the decision 

making tool to determine which elements of a project’s overall goal are more important to the 

user (e.g. a user may find criteria 1 to be five times more important than criteria 2).  As such, the 

decision making tool will understand that the user will better like an alternative that closely 
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meets the goals of the favored criteria.  In this phase of the model, the user will enter their 

pairwise comparisons into the spreadsheet program, under the tab called “Pairwise 

Comparisons,” under the section labeled “Level 2 - Criteria.”  

The aforementioned process not only applies to the competing criteria but to the criteria’s 

associated sub-criteria.  The sub-criteria are the elements that breakdown the criteria so that they 

can be more accurately measured.  For instance, it is difficult to measure a project’s ability to be 

a net-zero/carbon neutral design without first breaking it down to its various components (i.e. 

reduction in energy demand, quantity of green power generated on-site, etc.).  While the various 

sub-criteria all exist with the goal to help the criteria meet its goal, these sub-criteria often have 

to compete with one another for a limited number of resources.  As such, the user often cannot 

generate a scenario where the competing sub-criteria all meet their desired goals.  Due to this 

fact, the user must determine which of the sub-criteria are most vital to a project’s goals.  

Alternatives that devote more of their resources to the vital sub-criteria generally are the ones 

that have the highest overall utility value, and thus are the ones that are often chosen by the user.  

During this phase of the model, the user will enter in all of their pairwise comparisons of the sub-

criteria under the tab labeled “Pairwise Comparisons” and the section called “Level 3- Sub-

Criteria.” 

The next step of the model is to enter in values for the utility functions that are located in 

the “Utility Function Calculations” tab.  Here the user will begin to input the data from the 

information that they have obtained either from their utility bills, payment worksheets, 

Autodesk’s Green Building Studio output, etc.  The user must also determine two values for each 

utility function, UL and UH.  The UL value is a minimum acceptable level that an element of the 

project must meet before being able to adequately meet the project’s goals.  Any value that is 
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equal to or less than this value will result in a utility value of zero.  (Note: While the term UL is 

considered to be a minimum acceptable level, it could also refer to a maximum allowable level.  

[i.e. The maximum allowable water consumption per month by a building is 150 cgal/month; 

therefore, the utility value for this sub-criteria of the project will equal to zero if the quantity of 

water consumption is equal to or greater than 150 cgal/month]).  The UH value is the desired 

value that a project element must reach in order to completely satisfy a user.  For example, if a 

project must generate 1700 kwh/month for a user to be completely satisfied with a project’s on-

site green power generation, then the decision making tool will give the sub-criteria a utility 

value of 1.0 (complete user happiness) for the project if it produces an amount of green power 

equal to or greater than 1700 kwh/month.  Even if the project produces more than 1700 

kwh/month, its utility value will not go above 1.0 (as this is the desired amount of green power).  

Any sub-criteria that has a value between the UL and UH values will result in the sub-criteria’s 

utility value being between 0 and 1.0 (without being either 0 or 1.0).  As such, the user must 

specify these UL and UH values to let the decision making tool know what each sub-criteria’s 

goals are.  This portion of the model is where it follows the process defined by the Multi-

Attribute Utility Theory (MAUT).   

The next step is where the user will check to ensure that their computed Consistency 

Ratios are less than 0.1.  According to Saaty (1980), if the Consistency Ratio is calculated to be 

above 0.1, then the user must reevaluate their pairwise comparisons.  To check their pairwise 

comparisons, the user must select the tab called “Matricies” and scroll to column “AS.”  If the 

Consistency Ratio for a criteria (there will be three such ratios) is above 0.1, then the appropriate 

box in column “AS” will state “NO GOOD.”  If this is the case, then the user must revise their 

pairwise comparisons.  If the box states “OK,” then the user doesn’t need to evaluate their 
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pairwise comparisons for the criteria.  Once all three boxes state “OK,” then the user doesn’t 

need to revise their pairwise comparisons.  The user can then click on the tab called “Project 

Utility Function” to view the alternative’s utility value for the project (it will be called “Utility 

Value for this Project”).  The closer the value is to 1.0, the closer the alternative (or the project in 

the case where the project has already been constructed) has come to completing its goals.  

Underneath that value are individual utility values for the various criteria.  This will show how 

close each criteria came to meeting its own goals. 

Once this has been completed, the user may redo the process for another alternative.  In 

this case, the user will follow all of the proceeding steps (where necessary) and select the 

alternative with the highest “Utility Value for this Project” value.  The alternative with the 

highest associated utility value is the one that best meets the goals of the project.  As such, this is 

the alternative that this decision making tool suggests you should pick based on the user’s inputs 

and pairwise comparisons. 
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CHAPTER 4 

CASE STUDY 

 

 This chapter of the thesis outlines how to utilize the proposed model for a building 

project.  In order to better be able to better explain the model, a case study building will be 

incorporated into the paper.  The case study building will then be run through the model with 

data given by the architect, data that had to be assumed by the authors of this thesis, and values 

derived by the authors on pairwise comparisons.  In situations where some of the values for the 

thesis are either based on given data or derived from assumptions, an explanation into how the 

assumed values were determined or decided upon will be given.  The paper will also provide 

three alternatives for the building to show how the model can allow the user to choose between 

competing alternatives.  The three alternatives will consist of the actual building as it was 

designed and two other alternatives with slight design differences.  The two alternatives that 

differ from the designed building have been generated by the authors of this paper with the 

purpose of exploring how the model can allow the user to choose an alternative that best fits the 

user’s goals.  No data was given by the architect on alternative designs, so the alternatives have 

been made up entirely by the authors.  This chapter will conclude why a particular alternative 

was chosen and what this should mean for the user and for the project in general. 

 The chapter will start off with an in-depth analysis of the spreadsheet inputs and outputs 

for Alternative 1 (the Eastside Branch library as it was constructed) and will finish with a review 

of the changes associated with Alternatives 2 and 3 and their respective outputs.  Finally, the 

results of the three alternatives will be examined and discussed.  
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4.1 Case Study: Eastside Branch Library 

 The Eastside Branch Library is located at 1583 Pedrick Road in Tallahassee, Florida.  

The library was designed by Johnson Peterson Architects, who made sustainable design a major 

goal of the project.  The architect designed the building with the intent that it would become 

LEED Gold accredited.  The library has been constructed and is currently in operation.  Though 

the library has been in operation, it still hasn’t received its LEED Gold certification due to the 

fact that LEED has yet to finish inspecting all of the forms, claims, etc., that have been submitted 

by the architect.  In speaking with one of the authors, the architect stated that he fully expected 

the library to meet its LEED Gold goal.  To affirm this, the architect had stated that the building 

was designed to receive enough LEED credits, that if a couple of credits were not awarded to the 

project, the project would still be able to achieve LEED Gold accreditation.   

 

 
Figure 4.1: Eastside Branch Library’s Bid Document Picture 
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Figure 4.2: Interior of the Eastside Branch Library 

 

Some of the major areas of sustainability that were highlighted by this particular project 

were its ability to save large quantities of energy (a projected 79.48% savings compared to a 

baseline building), its ability to generate sustainable energy on-site, its use of water efficient 

landscaping (allowing it to not require the installation of a permanent irrigation system), and the 

installation of an efficient HVAC system (for both the health and comfort of the building’s 

occupants).  These and other areas of sustainability in the project will be explained later on in the 

project. 

 

 
Figure 4.3: Solar Panels on Library’s Roof 
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4.2 Pairwise Comparisons 

 For this project, pairwise comparisons were developed by the authors for the case study 

so that the reader can see how the model works.  The pairwise comparisons could alternatively 

be generated from the polling of several experts in the construction industry; however, the 

purpose of the model is to develop a ranking of project alternatives based on the user’s goals and 

preferences.  As such, the authors used their own assumptions for generating the pairwise 

comparisons.  The authors used similar means to determine UL and UH values for the utility 

functions; however, this will be explained later on in the paper. 

 

4.2.1 Criteria Pairwise Comparisons 

 The three major goals developed for this project were the projects ability to generate 

LEED credits, its ability to maximize benefits and minimize costs, and developing a building that 

is close to the user’s goal for net-zero/carbon neutral design.  In this portion of the model the 

user must rank these competing goals and determine how much more important a particular goal 

is when compared to another.  These goals are all competing for the same pool or resources; and 

thus, there is likely no optimal scenario where all goals are completely met.  Due to this, the user 

must define which of these goals are more important to meet. 

 The very first inputs into the model are those for the pairwise comparisons for the second 

level elements (i.e. the project’s criteria).  For this project, the despite the fact that the library has 

made obtaining LEED Gold a priority, the goal with the highest level of importance has been 

identified as the building’s ability to minimize costs and increase benefits.  The buildings 

Costs/Benefits goal is considered to be 2 times more important that obtaining LEED credits and 

3 times more important than having the building reach its Net-Zero/Carbon Neutral goals.  These 
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pairwise comparisons were developed using the table created by Saaty (1980), as shown in Table 

4.1.   

 

Table 4.1: Pairwise Comparisons Table as Developed by Saaty (1980) 

Degree of 
Importance 

Definition Explanation 

1 Equal 
Importance 

Two elements contribute equally to the property 

3 Moderate 
Importance 

Experience and judgment slightly favor one element 
over another 

5 Strong 
Importance 

Experience and judgment strongly favor one element 
over another 

7 Very Strong 
Importance 

An element is strongly favored and its dominance is 
demonstrated in practice 

9 Extreme 
Importance 

The evidence favoring one element over another is of 
the highest possible order of affirmation 

 

 From the table created by Saaty (1980) and from the above mentioned pairwise 

comparisons, that the Costs/Benefits goal of the project is more important than obtaining LEED 

credits.  Since the Costs/Benefits goal was determined to be 2 times more important than 

obtaining LEED credits, the authors are stating that the building’s costs/benefits are between 

equally and moderately more important than the building’s ability to generate LEED credits.  

The pairwise comparison between Costs/Benefits and Net-Zero/Carbon Neutrality is that the 

Costs/Benefits are three times more important.  As such, the Costs/Benefits are seen to be 

moderately more important than the Net-Zero/Carbon Neutral goals.  Finally, the LEED goal 



51 
 

was determined to be 2 times more important than the Net-Zero/Carbon Neutrality goal.  The 

figure below shows a visual of what the aforementioned inputs in the model. 

 

Table 4.2: Model with the Pairwise Comparisons for the Project’s Criteria Input 

 
 

 After the values are input for the Criteria, the model generates a matrix of the pairwise 

comparisons that includes the data generated from the input.  The matrix is used to later on for 

the determining if a project’s weights are acceptable to the model (this will be explained later in 

the chapter) and for factoring the weights of the project’s criteria.  The matrix generated from the 

aforesaid inputs is shown below in Table 4.3.  The matrix also includes the inverses of data 

previously input (e.g. Costs/Benefits are 2 times more important than LEED Credits, thus LEED 

Credits are 0.5 times more important than Costs/Benefits). 

 

Table 4.3: Matrix Generated from Project Criteria Pairwise Comparisons Input 

 
 

Once the user has finished generating the inputs for the pairwise comparisons for the 

project’s criteria, one will then move on to the pairwise comparisons for the project’s sub-

criteria.    

 

Level 2 ‐ Criteria
Input Values in this column

For this project, I feel that Costs/Benefits are 'X' times more important than obtaining LEED Credits: 2

For this project, I feel that Costs/Benefits are 'X' times more important than the building being Net‐Zero/Carbon Neutral: 3

For this project, I feel that obtaining LEED Credits is 'X' times more important than being Net‐Zero/Carbon Neutral: 2

Criteria Cost LEED Net‐Zero
Cost 1.00 2.00 3.00

LEED 0.50 1.00 2.00

Net‐Zero 0.33 0.50 1.00

Project Sustainability & Costs/Benefits Matrix
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4.2.2 Sub-Criteria Pairwise Comparisons 

 Once the project’s criteria (or goals) have been weighted, the user needs to move on to 

the next section of the spreadsheet, the sub-criteria pairwise comparisons.  In this portion of the 

spreadsheet, the user must determine how important each sub-criteria of a criteria is when 

compared to each other. Each criteria in the model has either six or seven different sub-criteria 

associated with it.  These sub-criteria are elements of a project that compete with one another for 

resources while attempting to meet their common goal; meeting the goal of the criteria.  For 

example, the user wants to make a project meet his or her net-zero or carbon neutral goals.  In 

order to do so, the user must choose how to accomplish this goal with a finite amount of 

resources (e.g. money).  As such, the owner may choose to meet this goal through spending 

money on reducing the energy usage of the building and through the generation of green power.  

While the project may utilize both methods to reduce GHG emissions, the project will have to 

choose which of these sub-criteria (i.e. energy use reduction and green power generation) to 

allocate more of the project’s resources in order to maximize the project’s criteria (i.e. Net-

Zero/Carbon Neutrality).   

 Due to the fact that there may be up to 21 pairwise comparisons to make per each 

individual criteria, this paper will not go into in-depth discussion on why certain values were 

chosen.  Each set of sub-criteria for each criteria will be ranked and an explanation as to why 

they are ranked in the way they are will be given.  

 

4.2.3 Costs/Benefits Sub-Criteria 

 The sub-criteria for the Costs/Benefits criteria are ones that favor either a reduction in 

costs or an increase in benefits.  This element of the project’s overall goal is the only one in this 
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model that doesn’t directly tie in with the building’s overall sustainability.  Despite this fact, this 

component of the model is directly affected by sustainability design features due to their ability 

to generally increase upfront costs (when compared with a standard design) while reducing long-

term costs.   

In this section, the model needs to know which sub-criteria of the library’s Costs/Benfits 

criteria are the most important to the user.  In this case, the authors ranked the sub-criteria as 

shown by Figure 4.4. 

 

 
Figure 4.4: Rankings of Costs/Benefits Sub-Criteria 

 

 

 Figure 4.4 shows that the sub-criteria with the highest level of importance are Anticipated 

Productivity benefits and HVAC costs.  Due to the fact that these two elements are on the same 

rank (and for any sub-criteria on the same rank) they are considered to be of equal importance.  

Highest Rank (Most Important)Rank 1
� Anticipated Productivity Benefits
� HVAC Costs

Second Highest RankRank 2
� Materials Costs

Third Highest RankRank 3
� Water Consumption Costs
Energy Consumption Costs

Lowest Rank (Least Important)Rank 4

� Construction, LEED Certification and Miscellaneous Costs



54 
 

The ranking continues from Rank 1 (most important sub-criteria) to Rank 4 (least important sub-

criteria).  The lowest rank, Rank 4, consists of the sub-criteria of Construction, LEED 

Certification and Miscellaneous Costs.  Table 4.4 shows the pairwise comparisons that were 

developed for each of the sub-criteria for the Costs/Benefits criteria. 

 

   Table 4.4: Pairwise Comparisons for the Cost/Benefits Sub-Criteria 

 
 

The pairwise comparison values, shown in the orange boxes, follow the ranking structure 

shown in Figure 4.4 and show each sub-criteria’s overall importance to the Cost/Benefit criteria.  

In cases where the user is asked about the importance of an sub-criteria that is less important 

than one it is being compared to (e.g. Water Consumption being compared to HVAC cost 

reduction), the user will input a value that is an inverse of one of the ones shown in Table 4.1.  

For example, reducing HVAC costs is 3 times more important than reducing Energy 

Costs/Benefits
Input Values in this column

For my project, I would like to emphasize the following reductions in costs:

Water Consumption cost reduction is 'X' times more important than Energy Consumption cost reduction: 1.00

Water Consumption cost reduction is 'X' times more important than HVAC cost reduction: 0.33

Water Consumption cost reduction is 'X' times more important than Materials cost reduction: 0.50

Water Consumption cost reduction is 'X' times more important than Construction and Miscellaneous cost reduction: 2.00

Water Consumption cost reduction is 'X' times more important than Anticipated Productivity gains: 0.33

Energy Consumption cost reduction is 'X' times more important than HVAC cost reduction: 0.33

Energy Consumption cost reduction is 'X' times more important than Materials cost reduction: 0.50

Energy Consumption cost reduction is 'X' times more important than Construction & Miscellaneous cost reduction: 2.00

Energy Consumption cost reduction is 'X' times more important than Anticipated Prodcutivity gains: 0.33

HVAC cost reduction is 'X' times more important than Materials cost reduction: 2.00

HVAC cost reduction is 'X' times more important than Miscellaneous cost reduction: 6.00

HVAC cost reduction is 'X' times more important than Anticipated Productivity gains: 1.00

Materials cost reduction is 'X' times more important than Construction and Miscellaneous cost reduction: 4.00

Materials cost reduction is 'X' times more important than Anticipated Productivity gains: 0.50

Construction and Miscellaneous cost reduction is 'X' times more important than Anticipated Productivity gains: 0.17
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Consumption costs; therefore, reducing Energy Consumption costs is 1/3 (or 0.33) times more 

important than reducing HVAC costs.   

The authors decided to place Anticipated Productivity benefits and HVAC costs as the 

most important elements of the Costs/Benefits due to their ability to heavily influence the 

finances of a building.  HVAC costs can be a major factor in the pricing of a building due to their 

high upfront costs.  In the case of this building, the HVAC costs make up 7.36% of the total 

project’s budget.  On top of this, the HVAC system has a great deal of influence on the 

building’s overall energy use and overall sustainability.  The Anticipated Productivity benefits of 

the building were also put into the highest rank due to their ability to generate a sizable portion 

of the benefits associated with sustainable design. 

The second rank consists of the sub-criteria, Materials costs.  The reason this sub-criteria 

is in Rank 2 is due to how it affect the overall cost of the project.  When one examines the 

project’s Pay Application Continuation Sheet, located in the Appendix, one can see that just the 

Wood Framing alone is scheduled to constitute 14.43% of the total upfront cost of the project.  

The project also can also expect to expect to generate savings associated with reduced 

maintenance and other miscellaneous costs.  Due to the inability/difficulty to separate health 

benefits associated with sustainable materials and those relating to a well-designed HVAC 

system, the health benefits for Materials (and for the HVAC system) are to be accounted for in 

the Anticipated Productivity gains sub-criteria. 

 The third rank consists of the Water Consumption and Energy Consumption sub-criteria.  

These costs look at the plumbing and electrical costs and benefits associated with water and 

energy conservation measures taken by the project.  These sub-criteria look into how well the 

savings from water and energy conservation compare with the associated with their respective 
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increased up-front costs.  These costs and benefits of the project can vary depending on what 

sustainability strategies are implemented by the project.  For the Eastside Branch library, energy 

conservation and water conservation are major aspects of the project’s overall goal and the 

project’s sustainability.  Due to the generous implantation of solar panels and the use of energy 

and water saving measures, the project expects to have major savings on its monthly energy and 

water bills.  Due to this, the Water Consumption and Energy Consumption sub-criteria are in the 

third rank.      

 The fourth and final rank consists of the Costs/Benefits sub-criteria, Construction, 

LEED Certification and Miscellaneous (or Construction and Miscellaneous Costs for short).  

These costs consist of the costs associated with the LEED certification process, the additional 

costs associated with having a contractor construct a green building, and any other costs that 

were not covered by any of the other sub-criteria.  These costs can vary by project and can have a 

significant impact on the project’s overall costs.  However, due to the variability of this section 

of costs, this sub-criteria was put on the lowest rank.   

  

4.2.4 LEED Sub-Criteria Pairwise Comparisons 

 The sub-criteria list for the LEED credit criteria includes the following: Indoor 

Environmental Quality, Energy & Atmosphere, Water Efficiency, Sustainable Sites, Materials & 

Resources, Innovation, and Regional Priority.  These sub-criteria all are derived from the names 

of the major sections making up the LEED v2009 credit library.  For this case study, the authors 

ranked and weighted the LEED sub-criteria as shown in Figure 4.5.  The sub-criteria with the 

highest rank is associated with the one that will have the largest weight.  Projects that meet the 



57 
 

goals of the sub-criteria with the highest weights will most likely be the ones to be chosen by the 

decision maker.  

 

     
Figure 4.5: Ranking of LEED Credits Sub-Criteria 

 

The highest rank in Figure 4.5 consists of the Indoor Environmental Quality sub-criteria.  

This sub-criteria was determined to be the most important to the project due to the fact that this 

section of LEED focuses on the health and wellness of the inhabitants of the library.  The library 

should expect to not only have a staff of employees working in the library for hours at a time, but 

also researchers/readers who will spend large amounts of time in the library looking for books 

and reading them, teens coming to the library for studying, reading, etc. (the library has a section 

specifically set aside for teens), and a meeting room set up to allow for presentations.  As a result 

of the potential for having a large variety of occupants with the potential of staying the library 

Highest Rank (Most Important)Rank 1
�Indoor Environmental Quality

Second Highest RankRank 2
�Energy & Atmosphere

Third Highest RankRank 3
�Water Efficiency

Fourth Highest RankRank 4
�Sustainable Sites
�Materials & Resources 

Lowest Rank (Least Important)Rank 5
�Innovation

�Regional Priority
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for long durations, the Indoor Environmental Quality LEED credits were given the highest 

priority.   

The second highest rank consists of the Energy & Atmosphere credits.  These credits 

relate to how energy efficient a building is against a baseline building.  The USGBC’s website 

describes the baseline building process as follows, “Calculate the baseline building performance 

according to Appendix G of ANSI/ASHRAE/IESNA Standard 90.1-2007 (with errata but 

without addenda1) using a computer simulation model for the whole building project.”  Due to 

the library’s focus on reducing energy consumption and utilizing solar panels to generate on-site 

renewable energy, this section of LEED credits was given a high priority. 

Rank 3 consists of the Water Efficiency and Materials & Resources sub-criteria.  The 

Water Efficiency sub-criteria was determined to be the important enough to be placed on the 

third highest rank due to the project’s efforts to utilize water efficient landscaping and its lack of 

a need to install a permanent irrigation system.  The Materials & Resources sub-criteria was 

placed in the third rank due to the project’s strategies on diverting waste from landfills, its usage 

of recycled materials and its use of regional materials.  Both of these sub-criteria were important 

to the building’s goal of reaching a LEED Gold accreditation; however, they were of a lower 

magnitude of importance to the project’s overall LEED goals.  As such, these two sub-criteria 

were placed in Rank 3. 

Rank 4 consists of the Sustainable Sites credit category.  This category consists of several 

types of credits that emphasize building on brownfield sites, making the building accessible to 

alternative forms of transportation, stormwater management, reducing the heat island effect, and 

site development among other areas of sustainability.  The project did emphasize certain 

elements of the Sustainable Sites credits; however, it didn’t fulfill the requirements of certain 
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critical, high-credit yielding criteria.  Examples of these criteria that were not met are 

“Development density and community connectivity” (up to 5 credits are available) and 

“Alternative transportation – public transportation access” (up to 6 credits are available).  In light 

of these credits not being awarded, the project can only receive up to 17 of the 26 available 

credits for Sustainable Sites.  These credits have more to do with planning the library’s location; 

however, the location of the library was likely tied more to making a library available to those to 

the East of Tallahassee rather than to ensuring that the library site was one that would maximize 

its sustainability or LEED credit potential.  Despite this, the project did give priority parking 

spots to low-emission vehicles, installed bike racks and showering facilities, made efforts to 

reduce impact on the local environment, made efforts to reduce the heat island effect and light 

pollution, and ensured the proper treatment of stormwater.  Taking all of this into account, the 

authors determined to place Sustainable Sites into Rank 4. 

The fifth and final rank consists of the Innovation and Regional Priorities sub-criteria.  

These criteria have a relatively low amount of credits available (just 5 for Innovation and 4 for 

Regional Priorities), which is one reason for them to be placed in the lowest rank.  While these 

two sets of credits have an impact on the sustainability of a site, they were not determined to be 

particularly important for the Eastside Branch library.  The authors felt that achieving credits in 

the other categories far out-weighed the importance of receiving points in these categories.  

However, despite their low importance, they do have an impact on the holism of the LEED credit 

system and adapt LEED to take the individual project’s location into consideration (particularly 

Regional Priorities).  

The input of the aforementioned LEED credit categories into the spreadsheet model is 

shown in Table 4.5. 
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Table 4.5: Pairwise Comparisons for the LEED Credits Sub-Criteria 

 
 

4.2.5 Net-Zero/Carbon Neutral Sub-Criteria Pairwise Comparisons 

The sub-criteria for the Net-Zero/Carbon Neutral category consist of On-Site Green 

Power Generation, Energy Efficiency, Greenhouse Gas Emission Reduction, Water Efficiency, 

Off-Site Green Power, and Carbon Offsets.  These elements all make up the various elements 

that can make up a project’s ability to reach a certain type of net-zero or being carbon neutral.  

This model doesn’t specify whether or not the building must achieve any type of net-zero level 

or carbon neutrality; therefore, the user’s input in later sections will determine how close they 

LEED Credits (v2009)
Input Values in this column

For my project, my project would like to emphasize on obtaining the following LEED credits:
Sustainable Sites credits are 'X' times more important than Water Efficiency credits: 0.50

Sustainable Sites credits are 'X' times more important than Energy & Atmosphere credits: 0.20

Sustainable Sites credits are 'X' times more important than Materials & Resources credits: 0.50

Sustainable Sites credits are 'X' times more important than Indoor Environmental Quality credits: 0.17

Sustainable Sites credits are 'X' times more important than Innovation and Design Process credits: 3.00

Sustainable Sites credits are 'X' times more important than Regional Priority credits: 3.00

Water Efficiency credits are 'X' times more important than Energy & Atmosphere credits: 0.50

Water Efficiency credits are 'X' times more important than Materials & Resources credits: 1.00

Water Efficiency credits are 'X' times more important than Indoor Environmental Quality credits: 0.25

Water Efficiency credits are 'X' times more important than Innovation and Design Process credits: 3.00

Water Efficiency credits are 'X' times more important than Regional Priority credits: 3.00

Energy & Atmosphere credits are 'X' times more important than Materials & Resources credits: 2.00

Energy & Atmosphere credits are 'X' times more important than Indoor Environmental Quality credits: 0.33

Energy & Atmosphere credits are 'X' times more important than Innovation and Design Process credits: 7.00

Energy & Atmosphere credits are 'X' times more important than Regional Priority credits: 7.00

Materials & Resources credits are 'X' times more important than Indoor Environmental Quality credits: 0.25

Materials & Resources credits are 'X' times more important than Innovation and Design Process credits: 3.00

Materials & Resources credits are 'X' times more important than Regional Priority credits: 3.00

Indoor Environmental Quality credits are 'X' times more important than Innovation and Design Process credits: 9.00

Indoor Environmental Quality credits are 'X' times more important than Regional Priority credits: 9.00

Innovation and Design Process credits are 'X' times more important than Regional Priority credits: 1.00
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came to their goal for this criteria.  The sub-criteria were ranked in a manner shown in Figure 

4.6. 

   
Figure 4.6: Ranking Net-Zero/Carbon Neutral Sub-Criteria 

 

 The first rank for the Net-Zero/Carbon Neutral sub-criteria consists of On-Site Green 

Power Generation and Energy Efficiency.  These two elements were determined to be the highest 

importance of all due to their ability to lead to a reduction in carbon emissions as well as a 

reduced dependency on external power sources.  By focusing on these two sub-criteria, one 

produce a building that is both sustainable and able to produce lucrative long-term benefits.  

Both of these sub-criteria were heavily considered in the design of the Eastside Branch library.  

While the library isn’t carbon neutral or net-zero in any form, it does make great strides towards 

reducing energy demands through energy efficient strategies and technologies (such as an energy 

efficient HVAC system and energy recover units amongst other strategies) and solar energy 

generation. 

Highest Rank (Most Important)Rank 1
�On‐Site Green Power Generation
�Energy Efficiency

Second Highest RankRank 2
�Greenhouse Gas Emission Reduction

Third Highest RankRank 3
�Water Efficiency
�Off‐Site Green Power

Lowest Rank (Least Important)Rank 4
�Carbon Offsets



62 
 

 The second rank consists of the Greenhouse Gas Emission Reduction sub-criteria.  This 

sub-criteria is in the second rank due to it being vital in obtaining a carbon neutral and/or net-

zero building.  For many projects this criteria could be considered to be more important or 

equally important to those sub-criteria in Rank 1.  This is due to the fact the major sustainability 

goal for those strategies is to reduce the building’s dependence on non-renewable energy (i.e. 

energy from a power plant) or off-site renewable energy (e.g. energy from a wind farm).  

However, the authors felt that the project didn’t focus on achieving a net-zero or carbon neutral 

definition enough to outweigh the sub-criteria in Rank 1.  The Rank 1 sub-criteria also have the 

added benefit of reducing utility bills, which reducing pollution levels doesn’t do directly.  

Despite the similarity of Greenhouse Gas Emission Reduction’s similarity to both of the sub-

criteria in Rank 1, it was deemed to be slightly less important.  Despite this, this sub-criteria was 

still considered to be vital to the overall Net-Zero/Carbon Neutral criteria.  

 The third rank consists of the Water Efficiency and Off-Site Power sub-criteria.  These 

two sub-criteria were not deemed to be nearly as vital to the overall Net-Zero/Carbon Neutral 

goal as the sub-criteria listed in Rank 1 or 2.  Off-site power generation, though better than 

receiving power from a power plant, is less efficient than getting the power from on-site or 

increasing a building’s energy demands.  Water efficiency, though important to a building’s 

sustainability, isn’t vital for a net-zero or carbon neutral building.  It still does prove to be 

important for the overall sustainability of a building and cab factor into certain net-zero 

calculations.  As such, these two sub-criteria are placed in Rank 3.  

 The final rank consists of the Carbon Offsets sub-criteria.  This sub-criteria would allow 

buildings the ability to factor in carbon offset credits that would allow a building to reduce its 

carbon footprint by funding projects that reduce a carbon footprint in a different location.  This 
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allows for a building to reach a carbon neutral or net-zero designation despite not meeting the 

necessary criteria in the tradition sense.  The use of carbon offsets may or may not be something 

that is important or pertinent for the project and may be seen in a negative light by some decision 

makers.  However, the model allows for the project to account for carbon offsets if the decision 

maker feels the need to utilize them to reach a goal.  Due to the fact that the Eastside Branch 

library didn’t feel the need to utilize carbon offsets, particularly since it didn’t attempt to achieve 

a net-zero or carbon neutral state (to the knowledge of the authors), this sub-criteria was put in 

the lowest rank. 

 Table 4.6 shows a screenshot taken of the spreadsheet with all of the aforesaid inputs 

entered into the model. 

 

Table 4.6: Pairwise Comparisons for Net-Zero/Carbon Neutral Sub-Criteria 

 
 

Net‐Zero/Carbon Neutral
Input Values in this column

For my project, my project would like to emphasize on obtaining the following Net‐Zero/Carbon Neutral qualities:
On‐site Green Power is 'X' times more important than Off‐site Green Power: 5.00

On‐site Green Power is 'X' times more important than Energy Efficiency: 1.00

On‐site Green Power is 'X' times more important than Carbon Offsets: 9.00

On‐site Green Power is 'X' times more important than Water Efficiency: 5.00

On‐site Green Power is 'X' times more important than Greenhouse Gas Emission Reduction: 2.00

Off‐site Green Power is 'X' times more important than Energy Efficiency: 0.20

Off‐site Green Power is 'X' times more important than Carbon Offsets: 2.00

Off‐site Green Power is 'X' times more important than Water Efficiency: 1.00

Off‐site Green Power is 'X' times more important than Greenhouse Gas Emission Reduction: 0.33

Energy Efficiency is 'X' times more important than Carbon Offsets: 9.00

Energy Efficiency is 'X' times more important than Water Efficiency: 5.00

Energy Efficiency is 'X' times more important than Greenhouse Gas Emission Reduction: 2.00

Carbon Offsets is 'X' times more important than Water Efficiency: 0.50

Carbon Offsets is 'X' times more important than Greenhouse Gas Emission Reduction: 0.20

Water Efficiency is 'X' times more important than Greenhouse Gas Emission Reduction: 0.33
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4.2.6 Consistency Ratio Check 

 In the spreadsheet model, just below the Net-Zero/Carbon Neutral pairwise comparison 

inputs, there is a section where the user may check their pairwise comparisons for consistency.  

Here the user needs to ensure that the cells under the title “Consistency Check” consist of text 

stating “OKAY.”  Should any of the cells state “NO GOOD,” then the user must reevaluate their 

pairwise comparisons.  Usually this means that there is a logical error in this region.  For 

example, the user may have input that On-Site Green Power Generation is 5 times more 

important than Off-Site Green Power and Water Efficiency.  If the user then states that Off-Site 

Green Power is 3 times more important than Water Efficiency, inconsistency occurs.  Too much 

of this inconsistency can lead to an error.  For an exact idea of the inconsistency being generated, 

the user can check the “Matrices” tab and check row AQ (any value above 0.1 produces the “NO 

GOOD” error).  For the Eastside Branch library, all of the consistency ratios are adequate and 

thus all cells read “OKAY.”  See Table 4.7 for a visual example. 

 

Table 4.7: Consistency Ratio Check 

 
 

4.3 Utility Function Generation 

 Once the “Pairwise Comparisons” tab has had all of its inputs filled in, one can then 

move on to the “Utility Function Calculations” tab.  In this portion of the model, the utility 

functions will be generated for the Eastside Branch library.  This is the second and final tab that 

requires user input.  The input here will develop the utility functions that develop the decision 

Consistency Ratio Check
Consistency Check

Project Criteria  OKAY

Costs/Benefits Sub‐Criteria OKAY

LEED Credits Sub‐Criteria OKAY

Net‐Zero/Carbon Neutral Sub‐Criteria OKAY
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making tool into one that combines the AHP elements (from the piecewise comparisons) with 

those of MAUT (from the utility functions) to form the decision making tool used in this thesis. 

 The design of the utility functions requires certain inputs for the spreadsheet to work.  

There are three major aspects of each sub-criteria that allow for the generation of a utility 

function; the UL, the UH and the actual values.  The user must develop these three values in order 

to develop a utility function for a sub-criteria.  For some of these values, data will be generated 

from LEED documents or contract documents provided by the library’s architect.  Other values 

were either not obtained and thus must be calculated or determined, while other values are 

developed using assumptions and/or educated guesses.   

 

4.3.1 LEED Utility Function Calculations 

 The first inputs that need to be made are for the LEED utility functions.  One utility 

function should be generated for each sub-criteria for the LEED criteria.  For the LEED sub-

criteria, the UL, UH and actual/expected values relate to a quantity of LEED credits for a 

particular category.  Since the library is still undergoing the process of achieving LEED 

accreditation, the values that must be input into the model will come from a few different 

sources.  The LEED scorecard on the LEED website will be used to try and develop 

actual/expected values for the utility functions.  Since the scorecard online isn’t completed yet, 

other documents provided by the architect will be utilized to determine actual/expected values 

along with UL and UH values.  The UL and UH values were developed based on assumptions 

generated by studying the LEED Online Scorecard (given by the architect [not the version 

available online]), LEED Certification Project Review Report, and the LEED for New 
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Construction and Major Renovations 2009 Project Scorecard, amongst other documents provided 

by the architect.  All of these documents have been provided in the Appendix of this thesis. 

 Most UL and UH values for this project were determine utilizing the LEED for New 

Construction and Major Renovations 2009 Project Scorecard.  The UL values were determined 

by assuming that it would consist of values only shown in the check boxes marked “Yes.”  For 

example, Sustainable Sites has an 11 written in its checkbox under the column title “Yes;” 

therefore, the UL value for Sustainable Sites was determined to be 11.  The LEED for New 

Construction and Major Renovations 2009 Project Scorecard was also used to calculate the UH 

values.  The UH values were determined from adding the number under the column titled “Yes” 

with the one under the column titled “?”  This value assumes that all guaranteed credits (those 

under the “Yes” category) were achieved along with all of the credits that the project wasn’t sure 

it would obtain (those under the “?” category).  These values only differed in cases where the 

goals changed drastically from what they were upon the generation of the LEED Project 

Scorecard (i.e. the Energy & Atmosphere credits). 

 The actual/expect values were developed from a combination of credits actually obtained 

in the project according to the online scorecard, looking at the values in the LEED for New 

Construction and Major Renovations 2009 Scorecard, and examining the LEED Certification 

Project Review Report.  The actual/expected values for a project can come from a variety of 

sources, depending on what the model is being used for.  If the building has been finished and 

has a completed LEED scorecard, then the user can just input this data into the model.  If the 

building is going through the process of LEED certification (much like the case study) where it is 

incomplete, then use the known credits and combine those with assumptions to generate a likely 

expected/actual value for each LEED credit sub-criteria.  The utility value for each sub-criteria is 
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generated upon completing the input of variables for the UL, UH and actual/expected values.  The 

values tended to range from the UL to the UH values giving a utility value between 0 and 1.  

Table 4.8 shows the spreadsheet with the utility values and their necessary inputs.  

 The values in the orange cells (shown in Table 4.9) are those that the user must input 

information into.  Specifically, the user must input minimum acceptable, desired, and 

actual/expected values for the LEED Credits sub-criteria.  The spreadsheet then develops the 

utility function from these inputs.  These utility functions are developed to produce a utility value 

for the particular sub-criteria.  These values will later be factored in with their appropriate 

weights to produce final utility values.   

 

Table 4.8: Spreadsheet Model with LEED Sub-Criteria Utility Function Data Input 

 

LEED Credits
In the following sections, list both the minimum

allowable and desired amounts of credits per
each LEED‐NC 2009 section
Sustainable Site (0‐26 credits possible) Number of Credits 0, Y1<= 11.00

Minimum Acceptable: 11.00 U1Y1= 0.67 0.333333333 *Y1 ‐3.66667 11.00 < Y1 < 14

Desired Level: 14 1, 14 >=Y1

Number of Credits Obtained: 13

Water Efficiency (0‐10 credits possible) Number of Credits

Minimum Acceptable: 4.00 0, Y2<= 4.00

Desired Level: 6.00 U1Y2= 0.5 0.5 *Y2‐ ‐2 4.00 < Y2 < 6

Number of Credits Obtained: 5.00 1, 6 >=Y2

Energy & Atmosphere (0‐35 credits possible) Number of Credits

Minimum Acceptable: 26.00 0, Y3<= 26.00

Desired Level: 35.00 U1Y3= 0.78 0.111111111 *Y3‐ ‐2.88889 26.00 < Y3 < 35

Number of Credits Obtained: 33.00 1, 35 >=Y3

Materials & Resources (0‐14 credits possible) Number of Credits

Minimum Acceptable: 4.00 0, Y4<= 4.00

Desired Level: 9.00 U1Y4= 0.80 0.2 *Y4‐ ‐0.8 4.00 < Y4 < 9

Number of Credits Obtained: 8.00 1, 9 >=Y4

Indoor Environmental Quality (0‐15 credits possible) Number of Credits

Minimum Acceptable: 12.00 0, Y5<= 12.00

Desired Level: 14.00 U1Y5= 1.00 0.5 *Y5‐ ‐6 12.00 < Y5 < 14

Number of Credits Obtained: 14.00 1, 14 >=Y5

Innovation and Design Process (0‐6 credits possible) Number of Credits

Minimum Acceptable: 2.00 0, Y6<= 2.00

Desired Level: 6.00 U1Y6= 0.75 0.25 *Y6‐ ‐0.5 2.00 < Y6 < 6

Number of Credits Obtained: 5.00 1, 6 >=Y6

Regional Priority (0‐4 credits possible) Number of Credits

Minimum Acceptable: 1.00 0, Y7<= 1.00

Desired Level: 2.00 U1Y7= 0.00 1.000000 *Y7‐ ‐1 1.00 < Y7 < 2

Number of Credits Obtained: 1.00 1, 2 >=Y7

Utility Function Equations

Utility Function Equations

Utility Function Equations

Utility Function Equations

Utility Function Equations

Utility Function Equations

Utility Function Equations
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Table 4.9: Utility Function Data Input for the Energy & Atmosphere Sub-Criteria 

Energy & Atmosphere (0‐35 credits possible)  Number of Credits 

Minimum Acceptable:  26.00 

Desired Level:  35.00 

Number of Credits Obtained:  33.00 
 

 

Table 4.10: Utility Value Generation for Energy & Atmosphere Sub-Criteria 

  Utility Function Equations 

      0,        Y3<=  26.00    

U1Y1=  0.78  0.111111111  *Y3‐  ‐2.88889  26.00  < Y3 <  35 

      1,        35  >=Y3    
 

 As can be seen from Table 4.9, the minimum number of credits, the desired number of 

credits, and actual/expected number of credits that the author generated are displayed for the 

Energy & Atmosphere Sub-Criteria.  Table 4.10 shows the equation that is generated from these 

assumptions and this equations associated utility value.  The utility value of 0.78 shows that the 

actual/expected value has come closer to meeting its desired goal of 35 credits than it has its 

minimum acceptable value of 26.  A graph showing how close each sub-criteria for the LEED 

credits has come to meeting its goals is shown in Figure 4.7. 

  

4.3.2 Costs/Benefits Utility Function Calculations 

 The Costs/Benefits Utility Function Calculations require a greater set of inputs than the 

LEED Credit utility function calculations in order to develop their utility function.  Many of the 

sub-criteria compare upfront costs to long-term benefits, thus life-cycle cost calculations must 
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occur in order to determine if a sub-criteria is meeting its goals.  The sub-criteria generally 

require a listing of monthly or annual savings compared with increased upfront costs associated 

with choosing to build a green alternative.  If no baseline for a non-sustainable building is 

available, one can assume a general 2-3% increase in costs (according to Kats 2003) that is 

associated with LEED buildings (up to LEED Gold).   

 

 
Figure 4.7: LEED Sub-Criteria’s Goal Achievement 

 

These upfront costs and long-term savings will be account for in the life-cycle 

calculations and a savings to investment ratio will be generated for the sub-criteria.  This ratio 

will be compared to ones generated by the user (these will consist of the UL and UH values).  

These values will be the minimum acceptable ratio, UL, and the desired ratio, UH, so that the 

calculated ratio must be compared with to generate a utility value.  Also required in these 

calculations will be escalation rates, discount rates, and a study period that will be used for 
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determining how the long-term benefits will compare with upfront costs.  For this example case 

study, the escalation rate will be assumed to be 7% and the discount rate will be assumed to be 

4%.  The sub-criteria Water Consumption and Energy Consumption will have study periods of 

15 years while the sub-criteria HVAC costs and Materials costs will have study periods of 20 

years.   

 The Construction, LEED Certification and Miscellaneous costs will follow a format 

closer to the LEED Credit sub-criteria, in that the costs will have a desired cost, maximum 

acceptable cost, and an actual cost.  These costs will be the only information necessary to 

generate the Construction, LEED Certification and Miscellaneous cost utility function. 

 The Anticipated Productivity value will calculate the values based on the number of 

employees, the average hourly wage of an employee, and the anticipated increase in productivity.  

These values will be used to determine an amount of savings generated from an increased 

productivity.  This savings value will be compared with a minimum acceptable savings and a 

desired savings to determine the sub-criteria’s utility value 

 

Table 4.11: Energy Consumption Utility Function Inputs 

  
 

Table 4.11 shows the input values for the Eastside Branch library’s utility function.  The 

values show that the Energy Consumption Costs sub-criteria have not met their ultimate goal but 

Energy Consumption Costs Costs

Average Monthly Electricity Bill Savings 638.02$                          
Average Monthly Gas Bill Savings 30.64$                            
Cost of Investment 21,140.88$                    
Study Period Length (yr) 15

Escalation Rate 7%

Discount Rate 4%

Minimum Accepatble Savings to Investment Ratio 2

Desired Savings to Investment Ratio 8

Annual Savings per year 8,023.92$                      
Calculated Savings to Investment Ratio 6.73                                 
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they are approaching it.  As such, the utility value for the sub-criteria is 0.788.  Table 4.12 shows 

how this utility value is generated. 

 

Table 4.12: Energy Consumption Utility Value Generation 

  
 

 
Figure 4.8: Costs/Benefits Sub-Criteria’s Goal Achievement 

 

 
The set up for the remainder of the sub-criteria are developed in a similar manner and can 

be viewed in the Appendix of this thesis.  Figure 4.8 gives a visual representation of how close 

each sub-criteria came to meeting its desired goals. 

0, Y1<= 2.00

U2Y2= 0.788 0.1667 *Y1 ‐0.33333 2.00 < Y1 < 8

1, 8 >=Y1
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4.3.3 Net-Zero/Carbon Neutral Utility Function Calculations 

 The Net-Zero/Carbon Neutral utility functions are generated in similar fashions to those 

of the LEED credits.  The main differences between the two are that the Net-Zero/Carbon 

Neutral sub-criteria’s inputs may vary.  The sub-criteria for LEED credits all were based on 

obtaining a certain amount of LEED credits and comparing it to the minimum acceptable value 

and the desired value.  For the Net-Zero/Carbon Neutral utility functions, the inputs can change 

from kwh/month to lbs or pollution/month.  Despite this, the main aspects of the utility function 

generation are the same as with the LEED Credits.  Three inputs are required for the utility 

function to be generated for a Net-Zero/Carbon Neutral sub-criteria; a desired value, an 

actual/expected value, and a maximum (or minimum) acceptable value.  From these three inputs, 

any of the utility functions for a Net-Zero/Carbon Neutral sub-criteria can be made. 

 

Table 4.13: Green Power Generated On-Site Utility Function Inputs 

 
 

 

 Table 4.14: Green Power Generated On-Site Utility Value Generation 

 
 

 

Green Power Generated On‐site Quantity

Minimum Acceptable Quantity of R.E Generated On‐site (kwh/month) 3049.39

Desired Quantity of R.E. Generated On‐site (kwh/month) 3557.505

Actual Quantity of R.E. Generated On‐Site (kwh/month) 3388.1

0, Y1<= 3049.39

U3Y1= 0.667 0.00     *Y1 (6.00)        3049.39 < Y1 < 3558

1, 3558 >=Y1

Utility Function Equations
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 Table 4.13 shows the inputs required for the generation of the utility function for the sub-

criteria Green Power Generated On-Site.  These values are then used in the generation of a utility 

value for the sub-criteria (as shown in Table 4.14). 

 Similar methods are used in the determination of the remainder of the utility functions for 

the Net-Zero/Carbon Neutral sub-criteria.  The inputs for these functions and their utility 

function equations are shown in the Appendix. 

 

 
Figure 4.9: Net-Zero/Carbon Neutral Sub-Criteria’s Goal Achievement 
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4.4 Project Utility Value and Criteria Utility Values 

 After all of the inputs for the case study have been input into the system, the project’s 

utility value and its criteria’s utility values can be determined from the weights and utility values 

generated from the previous inputs.  Utilizing Equation 2.2, the utility value for the Eastside 

Branch library can be determined.  By selecting the spreadsheet’s tab called “Project Utility 

Value,” the user can view the project’s utility value and the utility value for each of the criteria.  

According to the outputs of the spreadsheet model, the project received a utility value of 0.761.  

This value shows that the project has made some headway into reaching its ideal goals; however, 

it still has/had the ability to better meet the user’s goals.  For this thesis, this utility value will be 

the one for Alternative 1.  This value will be compared to the ones that will be generated for 

Alternatives 2 and 3, which will be explored following this analysis of Alternative 1.  

 

Table 4.15: Project’s Utility Value and Criteria Utility Values 

 
 

The three utility values for the LEED Credits, Costs/Benefits, and Net-Zero/Carbon 

Neutral criteria are 0.806, 0.748 and 0.726 respectively.  The important value here is how 

0.761

0.748

0.806

0.726

Utility Value for this Project

Utility Function for Cost/Benefits

Utility Function for LEED Credits

Utility Function for Net‐Zero/Carbon Neutral
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project’s utility goal because it shows us how close we came to meeting all of the project’s 

competing goals; however, the criteria utility values allow one to examine which of these criteria 

were favored more than the others.   

 

 
Figure 4.10: Project’s Overall Utility Value and Criteria Utility Values 

 

4.5 Alternative 2 

 The second alternative generated for this case study was one that would involve the 

removal of the library’s rooftop solar panels.  The idea of this is to investigate whether or not the 

removal of the solar panels would reduce the upfront price of the library enough to make up for 

its increases in utility bills, lost LEED credits, and its increased pollution generation.  The 

authors assumed that the upfront savings of removing the PV solar panel system would amount 

to $16,330.  The 3381.1 kWh of energy that were usually produced by the renewable on-site 

solar panels will not have to be purchased from the power plant.  As a result, the building will 

produce more pollution and have higher utility bills.  The building would also lose 7 LEED 
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credits in EAc2 and 2 credits in EAc6 as a result of removing its renewable energy generation 

system.  

  

Table 4.16: Utility Function for Energy & Atmosphere with Solar Panel Removal 

 
 As can be seen from Table 4.16, the removal of the solar panels greatly adjusts the utility 

value for the Energy & Atmosphere attribute.  In Alternative 1, the utility value for this very 

same attribute was 0.78, which is much closer to reaching its goals than in Alternative 2’s case. 

 

Table 4.17: Changed Input Values for On-Site Green Power’s Utility Function 

 
 

 

Table 4.18: Changed Input Values for Greenhouse Gas Emissions’ Utility Function 

 
 

0, Y3<= 26.00

U1Y3= 0.00 0.111111111 *Y3‐ ‐2.88889 26.00 < Y3 < 35

1, 35 >=Y3

Utility Function Equations

Green Power Generated On‐site Quantity

Minimum Acceptable Quantity of R.E Generated On‐site (kwh/month) 3049.39

Desired Quantity of R.E. Generated On‐site (kwh/month) 3557.505

Actual Quantity of R.E. Generated On‐Site (kwh/month) 0

Greenhouse Gas Emissions (in terms of CO2 equivalents) Quantity

Desired Quantity of GHG Emissions (lbs/month) 20116.86

Maximum Acceptable Quantity of GHG Emissions (lbs/month) 22483.08

Actual Quantity of GHG Emissions (lbs/month) 24634
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 As one can see from Tables 4.17 and 4.18, there are major changes associated with 

removing the solar panels.  The elimination of these panels causes a large drop in renewable 

energy on-site (to zero kWh) and an increase in the library’s carbon footprint.  These changes 

and the slight increase in the utility value for Energy consumption (due to the decrease in the 

investment cost associated with the solar panels) modified the project’s utility value.  Table 4.19 

shows that Alternative 2 produces a much smaller utility value than Alternative 1.   

 

Table 4.19: Project Utility Values for Alternative 2 

Utility Value for this Project  0.661 
              
              
              

Utility Function for Cost/Benefits  0.768 
              

Utility Function for LEED Credits  0.630 
              

Utility Function for Net‐Zero/Carbon Neutral  0.368 
 

4.6 Alternative 3 

 The third and final alternative examined by this paper is one which involves an increase 

in on-site renewable energy, an increase in off-site renewable energy purchased, and the 

purchase of carbon offsets.  The aim of this alternative is to improve upon certain sustainable 

elements of the project (when compared with Alternative 1) and determine whether or not they 

are worth the increased investment.  The steps taken by the authors were the increase in on-site 

renewable energy by 50%, the purchase of 2881.91 kWh worth of off-site energy, and the 

purchase of 1 ton/month worth of carbon offsets.   
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 The increases in on-site renewable energy lead to an overall reduction in energy 

consumption, thus lowering the monthly utility bills.  The use of off-site renewable energy 

causes the monthly utility bills to increase by an assumed $0.015/kWh.  The increased use of 

carbon offsets and off-site renewable energy cause their respective utility functions to approach 

zero (neither are a preferred option when considering the ability to utilize on-site renewable 

energy).  The costs associated with carbon offsets are included in the Miscellaneous costs portion 

of the spreadsheet.  The final effect of the modifications to the original design is the reduced 

GHG emissions. 

 

Table 4.20: Input Values for Alternative 3 

 
 

 Table 4.20 shows the changes to the on- and off-site renewable energy value input 

sections.  Both values experienced an increase in their Actual values as per Alternative 3’s goals.  

These increases lead to the reduction in the Actual amount of pollution being generated by the 

building, as shown in Table 4.21. 

Green Power Generated On‐site Quantity

Minimum Acceptable Quantity of R.E Generated On‐site (kwh/month) 3049.39

Desired Quantity of R.E. Generated On‐site (kwh/month) 3557.505

Actual Quantity of R.E. Generated On‐Site (kwh/month) 5082.15

Green Power Purchased Off‐Site Quantity

Desired Quantity of R.E Purchased Off‐site (kwh/month) 0

Maximum Anticipated Quantity of R.E. Purchased Off‐site (kwh/month) 2881.91

Actual Quantity of R.E. Purchased Off‐site (kwh/month) 2881.91
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Table 4.21: Input Values for Greenhouse Gas Emissions for Alternative 3 

 
 

The improvements in the Net-Zero/Carbon Neutral goals of the project come with a 

corresponding reduction in the utility value for the Cost/Benefit criteria. 

 

Table 4.22: Input Values for Energy Consumption Costs for Alternative 3 

 
 

 Table 4.22 shows the reduction in the Savings to Investment ratio (when compared with 

Alternative 1) and the overall effect the changes have on the up-front costs and long-term benefits.  

The utility function for Energy Consumption Costs attribute is 0.69, which is lower than the 0.788 

utility value for Energy Consumption Costs attribute in Alternative 1.  Table 4.23 and Figure 4.11 

show the project’s utility values for Alternative 3. 

Greenhouse Gas Emissions (in terms of CO2 equivalents) Quantity

Desired Quantity of GHG Emissions (lbs/month) 20116.86

Maximum Acceptable Quantity of GHG Emissions (lbs/month) 22483.08

Actual Quantity of GHG Emissions (lbs/month) 13224.37

Energy Consumption Costs Costs

Average Monthly Electricity Bill Savings 748.12$                          
Average Monthly Gas Bill Savings 30.64$                            
Cost of Investment 29,305.88$                    
Study Period Length (yr) 15

Escalation Rate 7%

Discount Rate 4%

Minimum Accepatble Savings to Investment Ratio 2

Desired Savings to Investment Ratio 8

Annual Savings per year 9,345.12$                      
Calculated Savings to Investment Ratio 5.65                                 
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Table 4.23: Utility Values for Alternative 3 

Utility Value for this Project  0.759

              

Utility Function for Cost/Benefits  0.729

              

Utility Function for LEED Credits  0.806

              

Utility Function for Net‐Zero/Carbon Neutral  0.775
 

 
Figure 4.11: Graph Showing Utility Values for Alternative 3 

 

4.7 Discussion 

 When examining the data from Figures 4.23, 4.28, and 4.32, one can see that the 

alternative that best aligns with the project’s goals is Alternative 1.  Alternative 1 with a utility 
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value of 0.761 was a whole 0.1 higher than Alternative 2 and only 0.02 higher than Alternative 3.  

As such, the user should chose to design the building according to Alternative 1 given the 

preferences of the user.  Alternative 3 showed to be very similar in utility value to Alternative 1 

and could feasibly be chosen over Alternative 1 if any inputs are even slightly changed. 

   

4.8 Integration with BIM Platform 

 The final part of the thesis is the inclusion of the model read outs into a BIM platform.  

The BIM platform that will be utilized for this thesis is Autodesk’s Revit due to the fact that the 

architect utilized this BIM platform to develop a model.  The model provided by the Johnson 

Peterson Architects shows in detail the numerous floor plans and 3-D views needed to design the 

library.  Figure 4.12 displays a 3D image of the library that was created by the paper’s author. 

 

 
Figure 4.12: Library 3D Image Generated by Revit 

 

 This unrendered view of the library shows the BIM user a projection of the appearance of 

the building.  This view makes it easier for the project’s various parties to visualize the 
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appearance of the building.  The BIM file also holds the plan views of the project.  Figure 4.13 

displays the overall floor plan of the building.  The floor plan is similar to one that would be 

developed utilizing AutoCAD.  The major difference between this floor plan and one generated 

in AutoCAD is Revit’s ability as a BIM platform to contain properties of the various objects.  By 

storing these different types of properties, one can simply select a particular object and the BIM 

platform will recall information from a database about the object.  This ability to store 

information can make BIM a powerful tool capable of developing material take-offs and creating 

project schedules.  BIM can also use information from the model to run energy analyses capable 

of determining how sustainable a project is in regards to certain green building principles. 

 

 
Figure 4.13: Plan View of Eastside Branch Library 
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Figure 4.14: BIM Highlighting a Wall Segment 

 

 

 Figure 4.14 displays an example of BIM’s ability to highlight certain elements of a 

project and recall its information.  In Figure 4.14, a wall segment has been selected and its 

properties are shown to the left.  Thanks to this properties list, one can determine that the wall is 

load-bearing (structural) as well as determine its height, length, thickness, area, and volume.   

 The purpose of this thesis is the organization of output from the model and export it to 

the user’s Revit file.  Doing so will allow for the two sustainability tools to synthesize and 

organize the project’s sustainability information into one source.  This will allow the user to take 

their outputs from this thesis’s model and compile them into the BIM file.  By placing the data 

into a BIM file, it will allow for easy access of the project’s sustainability information later on in 

the project’s life and give a proof that the chosen alternative was in fact the ideal option given 

the user’s preferences. 
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Figure 4.15: Creating a Table on AutoCAD 

 

 The user will specify that the data should be input from a data link.  The user will open 

up the Data Link Manager Dialogue box and will create a new link.  The spreadsheet file then 

needs to be tabbed as the file to be linked with this CAD file.  The user will then select to either 

import an entire page or to select “Link to Range” and choose which information they would like 

to have carried over.  The user will then finish up the process and select a region to place the 

data.  The data will show up looking similar to Figure 4.16. 

 The user can then save the file and open up AutoDesk’s Revit.  Once Revit is open, the 

user can click on the “Insert” tab and select the option called “Import CAD.”  Once you have 

done this, simply select the file.  The table will be inserted into the program where it can be 

stored and viewed at another time.  Figures 4.17 and 4.18 show how the inserted model data 

should appear. 
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Figure 4.16: Importing Tabular Information to AutoCAD 

 

 
Figure 4.17: Inserting a Utility Function for LEED credits (for Sustain. Sites) into Revit 
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Figure 4.18: Inserting Alternative 1’s Project Utility Values into Revit 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

 This thesis has developed a model capable of determining if a project has met a set of 

user goals or to choose the best alternative from a given set of alternatives based on a set of user 

inputs.  This chapter will summarize the research and examine its results.  The chapter will then 

describe the significance of the results and how they may validate the spreadsheet’s capabilities.  

The chapter will then end with a description of the limitations it faced and with possible avenues 

for future research. 

 

5.1 Summary of Research 

The model described in the previous chapters was developed to allow the user to 

determine how well a certain set of criteria (LEED credits, cost/benefits, and Net-Zero/carbon 

neutrality of a building) were met by a collection of alternatives.  The model can be used to 

compare the competing sets of alternatives and determine which of the alternatives bests fits the 

goals of the user based on sets of pairwise comparisons, UL, and UH values.  The model also can 

be used to simply determine if a project (whether it be in the design phase or post-LEED 

accreditation stage) has met the user’s goals.  Either way, the model can be used to aid the user 

in determining if the project has been successful in achieving its goals and just how successful it 

was in achieving each of these individual goals.  The user can examine the results and determine 

areas where the project has made great strides into meeting its desired criteria/attributes as well 

as highlighting which criteria/attributes the project hasn’t done a good job of addressing.     
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The Eastside Branch library was used as a case study building to validate the ability of 

the model to effectively gauge whether or not it can ascertain how close a project has come to 

achieving its goals.  Three alternatives were input into the model and then compared.  

Alternative 1 (the project as it was actually constructed) ended up with the highest calculated 

utility value (0.761) and was hence the best alternative.  Despite this, Alternative 2 had the 

highest Benefit/Cost utility value (0.768) and Alternative 3 had the highest Net-Zero/Carbon 

Neutral utility value (0.775).  In the end, Alternative 1 was seen to have the best utility value due 

to the fact all of its individual criteria’s’ utility values either close to the highest utility value or 

were the highest utility value.  As a result, the user would be able to determine that Alternative 1 

is the option that best follows the user’s inputs; and therefore, may be the best alternative for the 

project. 

 

5.2 Research Contributions 

 The contributions of this research are as follows:      

 An AHP/MAUT model was developed to integrate the concepts of LEED, net-

zero/carbon neutrality, buildings costs/benefits, and the user’s pairwise comparisons into 

a decision making tool. 

 A decision making tool for building sustainability was generated to examine alternatives 

and determine the alternative that best meets the author’s sustainability and cost goals as 

defined by the user’s pairwise comparisons, UL and UH values.  

  A case study, the Eastside Branch library, was used to prove the validity of the model 

and to examine the model’s ability to evaluate the user’s liking of multiple competing 
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building design alternatives and choose the alternative that best fits the overall goals of 

the project. 

 An analysis of the case study and its alternatives was conducted.  The first alternative, the 

library as it was actually constructed, was chosen as the best alternative.  Spreadsheet 

information on the first alternative was entered into a BIM file in order to integrate the 

model with a BIM platform. 

 

5.3 Limitations 

 Some of the areas where the thesis was limited include the availability of the case study 

data.  The data for the given case study was incomplete, partially due to the author not having 

complete data and partially due to it not being available to anyone (e.g. complete LEED data 

wasn’t available since the library is still undergoing LEED certification inspections).  Due to 

this, in certain calculations, data either had to be assumed from documents provided by the 

architect. 

 As mentioned in the literature review section of this thesis, there are a few ways to 

determine risk when developing a utility function; however, for this model, the attitude 

towards risk is risk neutral.  The model could be improved if it allowed for users to develop 

the spreadsheet with the option of choosing a particular risk strategy.   

 In order to best determine how well this methods works, it should be developed alongside 

the person who will be the decision maker.  The decision maker can determine what 

attributes should and should not be included in the examination of a building, thereby 

improving the usability of the model.   
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5.4 Recommendations for Future Work 

 Due to the heavy expenses that are associated with construction and that it is always best 

to make changes to the design early on in the design process, utilizing a model such as this 

one will allow the user to determine if a particular alternative design or change will 

positively affect the overall project.  Any future work in this region will hopefully improve 

the accuracy and practicality of this model. 

 The addition of a sensitivity analysis tool would allow the user to better understand how 

changing some of the model’s parameters will affect the overall output of the program.  The 

decision maker may also wish to add or change certain project criteria, which would lead to 

the requirement of major changes to the model.  Future work should better grasp a model that 

can use a more holistic way of determining a project’s sustainability.  
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APPENDIX A 

COST INFORMATION 
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ARCHITECT PAY 

APPLICATION INFORMATION 

 

   

Item Number  Description of Work  Scheduled Value 
010  General Conditions   $                           313,545.19 
020  Insurance / Bonds   $                             43,530.00  
030  Sitework   $                           317,210.00 
035  OCO # 4 ‐ Stone Swale   $                             49,152.00  
040  Retaining Wall / Site Amenities   $                             31,275.63  
050  Landscaping   $                           129,139.00 
060  Building Concrete   $                             98,111.10  
070  Concrete Paving   $                           160,645.00 
080  Masonry / Stonework   $                             22,778.79  
090  Structural Metal Framing   $                             51,723.33  
100  Wood Framing   $                           416,865.21 
110  Damproofing / Insulation   $                             20,723.32  
120  Roofing   $                           166,750.00 
130  Glass / Glazing / Storefronts   $                           119,216.22 
140  Skylights   $                             24,984.38  
150  Doors / Hardware   $                             29,954.92  
160  Gypsum Board / Finishing   $                             76,811.96  
170  Stucco System   $                           141,309.00 
180  Ceramic Tile   $                             49,900.00  
190  Flooring   $                             45,375.00  
200  Acoustical Ceilings   $                             20,800.00  
210  Painting   $                             26,903.00  
220  Signage / Specialties   $                             21,059.43  
230  AV Equipment   $                                6,400.02 
240  Window Blinds   $                             14,500.00  
250  Plumbing   $                             20,625.87  
260  HVAC   $                           212,778.48 
270  Electrical   $                           176,692.46 
275  Directional Bore Electrical Work   $                                4,250.00 
284  OCO # 5 ‐ Various RFI Impacts   $                             31,794.82  
285  OCO # 6 ‐ Various Issues   $                             44,276.57  

  Total   $ 2,889,080.70  
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APPENDIX B 

SUMMARY OF LEED CREDITS 

 

 

SUSTAINABLE SITES 

 

SSp1  (Prerequisite) Construction Activity Pollution Prevention 

   

In adherence with Environmental Protection Agency (EPA), stormwater pollution prevention 
plan was developed to eliminate chances of runoff erosion and sedimentation from leaving the 
site. 

 

Intent 

To reduce pollution from construction activities by controlling soil erosion, waterway 

sedimentation and airborne dust generation. 

 

SSc1  Site Selection 

   

Extensive studies were conducted to select the site that has the most amenities, best location, 
and available utilities for the project. 

 

Intent 

To avoid the development of inappropriate sites and reduce the environmental impact from the 

location of a building on a site. 

 

Requirements 

Do not develop buildings, hardscape, roads or parking areas on portions of sites that meet any of 

the following criteria: 

n Prime farmland as defined by the U.S. Department of Agriculture in the United States 

Code of Federal Regulations, Title 7, Volume 6, Parts 400 to 699, Section 657.5 (citation 

7CFR657.5) 
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n Previously undeveloped land whose elevation is lower than 5 feet above the elevation of 

the 100-year flood as defined by the Federal Emergency Management Agency (FEMA) 

n Land specifically identified as habitat for any species on federal or state threatened or 

endangered lists 

n Land within 100 feet of any wetlands as defined by the U.S. Code of Federal 

Regulations 40 CFR, Parts 230-233 and Part 22, and isolated wetlands or areas of 

special concern identified by state or local rule, OR within setback distances from 

wetlands prescribed in state or local regulations, as defined by local or state rule or law, 

whichever is more stringent 

n Previously undeveloped land that is within 50 feet of a water body, defined as seas, 

lakes, rivers, streams and tributaries that support or could support fish, recreation or 

industrial use, consistent with the terminology of the Clean Water Act 

n Land that prior to acquisition for the project was public parkland, unless land of equal or 

greater value as parkland is accepted in trade by the public landowner (park authority 

projects are exempt). 

 

 

 

SSc4.2  Alternative Transportation – Bicycle Storage and Changing Rooms 

   

Secure bicycle racks are provided within 200 yards of building entrance for more than 5% of all 
building users (measured at peak periods).   Shower and changing facilities were also provided in 
the building for 0.5% of full‐time equivalent occupants. 

 

Intent 

To reduce pollution and land development impacts from automobile use. 

 

Bicycle racks, shower and changing facilities were provided in the building for 0.5% of full-time 

equivalent occupants 

 

SSc4.3  Alternative Transportation – Low‐Emitting and Fuel‐Efficient Vehicles 

   

Preferred parking for low‐emitting and fuel‐efficient vehicles for 5% of the total vehicle capacity 
of the site was provided. 

  

Intent 
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To reduce pollution and land development impacts from automobile use. 

 

SSc5.1  Site Development – Protect or Restore Habitat 

   

Natural habitat was protected to the best extent possible by the use of buffers and conservation 
easements.  Low and no‐maintenance landscaping was used. 

 

Intent 

To conserve existing natural areas and restore damaged areas to provide habitat and promote 

biodiversity. 

 

Restore or protect a minimum of 50% of the site (excluding the building footprint) or 20% of the 

total site area (including building footprint), whichever is greater, with native or adapted 

vegetation3. 

 

SSc5.2  Site Development – Maximize Open Space 

   

The library site maximized open space by the use of natural environment, natural/existing 
stormwater facility and the use of human environment and open spaces for recreational 
purposes. 

 

Intent 

To promote biodiversity by providing a high ratio of open space to development footprint. 

 

Reduce the development footprint and/or provide vegetated open space within the project 
boundary such that the amount of open space exceeds local zoning requirements by 25%. 

 

SSc6.1  Stormwater Design 

   

The site is designed such that the quantity of stormwater runoff from the site prior to the 
development does not exceed the quantity of stormwater runoff post development. This helps 
minimize and promote stormwater quantity control. 
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The site is designed such that the quantity of post‐development stormwater runoff does not 
exceed the quantity of pre‐development stormwater runoff. 

 

SSc6.2  Stormwater Design 

   

Stormwater runoff from the library development is managed and treated using innovative 
technology and the existing regional stormwater facility to ensure and enhance water quality 
leaving the site.  Runoff from the parking lot is routed through meandering, stone and vegetated 
swales to simulate natural effect and maximize treatment. 

 

SSc7.1  Heat Island Effect – Non‐Roof 

   

More than 50% of the site’s hardscape has a high SRI (Solar Reflectance Index) which reduces 
the heat island effect. 

 

SSc7.2  Heat Island Effect – Roof 

   

  The roofing used has a high SRI which reduces the heat island effect. 

 

SSc8  Light Pollution Reduction 

   

Light trespass from the building and site was minimized, sky‐glow was reduced to increase night 
sky access, nighttime visibility was improved through glare reduction, and development impact 
from lighting on nocturnal environments was reduced. 

 

WATER EFFICIENCY 

 

WEp1  (Prerequisite) Water Use Reduction – 20% 

   

A 20% reduction in domestic water consumption below baseline value. 
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WEc1  Water Efficient Landscaping 

   

Native plants and shrubberies were selected and planted with temporary irrigation system to 
allow for the plants to take hold without wasting good water. 

 

 

 

ENERGY & ATMOSPHERE 

 

EAp1  (Prerequisite) Fundamental Commissioning of the Building Energy Systems 

   

This is the minimum Initial Commissioning prerequisite all commissioned projects must maintain 
before gaining additional EA Credits. 

 

Intent 

To verify that the project’s energy‐related systems are installed, and calibrated to perform 
according to the owner’s project requirements, basis of design and construction documents. 

Benefits of commissioning include reduced energy use, lower operating costs, fewer contractor 
callbacks, better building documentation, improved occupant productivity and verification that 
the systems perform in accordance with the owner’s project requirements. 

 

EAp2  (Prerequisite) Minimum Energy Performance 

   

10% building energy savings as compared to a baseline building (See EAc1 for further savings). 

 

EAp3  (Prerequisite) Fundamental Refrigerant Management 

 

All CFC based refrigerants eliminated from the design. 

 

EAc1  Optimize Energy Performance 
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Energy savings of 79.46% over the baseline building, 69.46% over the prerequisite of 10% (see 
EAp2). 

 

EAc2  On‐Site Renewable Energy 

   

On‐site renewable energy self‐supply used to reduce environmental and economic impacts 
associated with fossil fuel energy use.  Photovoltaic (PV) solar panels on the roof generate 7.1 
kW of electrical power, which represents 23 percent of the electrical power needed to operate 
the Library annually.   

 

EAc3  Enhanced Commissioning 

 

Additional Cx LEED Credit to attempt.  Provides additional project commissioning services 
including: activities to review contract documents at each design phase, reviewing relevant 
submittal data, and uploading additional performance and energy reduction documentation for 
LEED review.  Additionally, management support for obtaining accurate and complete O&M 
manuals and Owner training are integrated with the construction team. 

 

 

 

MATERIALS & RESOURCES 

 

MRp1  (Prerequisite) Storage and collection of Recyclables  

   

The building contains facilities for the everyday waste recycling of paper, cans, and plastic 

 

MRc2  Construction Waste Management 

   

 Contracted with materials hauler who used local recycler.  Debris is comingled and sorted at 
Marpan Recycling, a state certified recycler.  Marpan sorts C&D debris to divert recyclables from 
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the waste stream.  PRBC tracks the dumpster pulls and monthly average recycling rates for the 
Marpan facility. 

 

Diverted construction and demolition debris from disposal in landfills and incineration facilities. 
Redirected recyclable recovered resources back to the manufacturing process and reusable 
materials to appropriate sites. 

 

MRc3  Materials Reuse 

   

 This project was not eligible for this credit 

 

MRc4  Recycled Content 

   

 Documented use of recycled materials in accordance with the contract specifications.  Major 
contributors include structural and reinforcing steel. 

 

Specification of products that incorporate recycled content materials, thereby reducing impacts 
resulting from extraction and processing of virgin materials.  Major contributors include 
structural and reinforcing steel. 

 

MRc6  Rapidly Renewable Materials 

   

 Documented use of at least 20% materials (by value) harvested, processed, and manufactured 
within 500 miles of the project site.  Concrete contributed heavily toward achieving this credit. 

 

 

INDOOR ENVIRONMENTAL QUALITY 

 

IEQp1  (Prerequisite) Minimum Indoor Air Quality Performance 

   

Meet the minimum industry standard for ventilation and indoor air quality. 
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IEQp2  (Prerequisite) Environmental Tobacco Smoke Control 

   

Smoking of tobacco products prohibited in the building and within 25 feet of entries, outdoor air 
intakes and operable windows. 

 

IEQc1  Outdoor Air Delivery Monitoring 

   

   

 

IEQc3.1 Construction IAQ Management Plan 

   

 Created and managed Indoor Air Quality Plan to minimize introduction of pollutants into the 
project and minimize potential airborne irritants for occupants. 

 

IEQc3.2 Construction IAQ Management Plan 

   

 Not part of this project 

 

IEQc4.1 Low‐Emitting Materials 

   

 Documented compliance with contract specifications requiring use of low‐VOC paints and 
coatings to minimize potential irritants for occupants and installers. 

 

IEQc4.2 Low‐Emitting Materials 

   

 Documented compliance with contract specifications requiring use of low‐VOC adhesives and 
sealants to minimize potential irritants for occupants and installers. 

 

IEQc4.3 Low‐Emitting Materials 
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Documented compliance with contract specifications requiring use of low‐VOC flooring 
materials to minimize potential irritants for occupants and installers. 

 

IEQc4.4 Low‐Emitting Materials 

   

 Documented compliance with contract specifications requiring use of composite wood and 
agrifiber materials with no added urea‐formaldehyde to minimize potential irritants for 
occupants and installers. 

 

IEQc5  Indoor Chemical and Pollutant Source Control 

   

Employed permanent entryway carpet at least 10 feet long in the primary direction of travel to 
capture dirt and particulates entering the building at regularly used exterior entrances.  

 

IEQc6.2 Controllability of Systems ‐ Thermal 

   

Provided individual thermal comfort controls for over 50% of individual occupants or groups in 
multi‐occupant spaces, promoting productivity, comfort and well‐being.   

 

Provide individual comfort controls for 50% (minimum) of the building occupants to enable 
adjustments to meet individual needs and preferences. 

 

IEQc8.1 Daylight & Views ‐ Daylight 

 

Provided building occupants a connection to the outdoors through the introduction of daylight 
into the regularly occupied areas of the building.   

 

IEQc8.2 Daylight & Views ‐ Views 

 

Provided building occupants a connection to the outdoors through the introduction of views 
into the regularly occupied areas of the building.  A direct line of sight to the outdoor 
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environment via vision glazing between 30 inches and 90 inches above the finish floor for 
building occupants in 90% of all regularly occupied areas. 

 

 

 

INNOVATION IN DESIGN 

 

IDc1.1  Exemplary Performance – Eac1 

 

IDc1.2  Exemplary Performance – Eac2 

 

 

 

 

 

 

 WEp1  Water Use Reduction, 20% 

o Document a minimum of 20% reduction in domestic water consumption below 
baseline value. 

 EAp2  Minimum Energy Performance 

o Document 10% building energy savings as compared to a baseline building. 

 EAp3  Fundamental Refrigerant Management 

o Eliminate all CFC based refrigerants from the design. 

 EAc1  Optimize Energy Performance 

o Document energy savings beyond the 10% required as a prerequisite. 

 EAc5 Measurement and Verification 

o Provide a plan means to measure energy consumed by the building. 

 IEQp1  Minimum Indoor Air Quality Performance 

o Meet the minimum industry standard for ventilation and indoor air quality. 
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 IEQc6.2  Controllability of System – Thermal Comfort 

o Provide individual control of HVAC system operation for 50% of the building 
occupants (work spaces only) 

 

 

 

 

 

 

 

Ea Prerequisite #1           Fundamental Commissioning of the Building Energy Systems 

This is the minimum Initial Commissioning prerequisite all commissioned projects must maintain before 
gaining additional EA Credits. 

  

EA Credit 3                          Enhanced Commissioning 

Additional Cx LEED Credits to attempt. Provides additional project commissioning services including; 
activities to review contract documents at each design phase, review relevant submittal data and upload 
additional performance and energy reduction documentation for LEED review. Additionally, 
management support for obtaining accurate and complete O&M manuals and Owner training are 
integrated with the construction team. 

 

 

 

 

 

 

 

1. The computer-programmed lighting control system detects the level of illumination in 
all public spaces (lobby, circulation, and collections) either by sunlight from the 
exterior or by electrically-powered lighting fixtures, and dims the lighting fixtures in 
order to conserve energy consumption. 
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2. Solar tubes are installed in the Collections Area and the Meeting Room to harvest 
sunlight in order to allow the computer-programmed lighting control system to 
substitute sunlight for powered lighting and to conserve electricity. 

3. All lighting fixtures in the facility are energy-conserving and use LED, compact 
fluorescent or modern fluorescent lamps. 

4. All site/parking lot fixtures are LED or use compact fluorescent lamps. 
5. Photovoltaic (PV) solar panels on the roof generate 7.1 kW of electrical power, which 

represents 23 percent of the electrical power needed to operate the Library annually.   
 

 

 

 

 

SSP1: (Prerequisite) Construction Activity Pollution Prevention: 

 

In adherence with Environmental Protection Agency (EPA), stormwater pollution prevention plan was 
developed to eliminate chances of runoff erosion and sedimentation from leaving the site. 

 

SS C1: Site Selection –  

 

Extensive studies were conducted to select the site that has the most amenities, best 

location, and available utilities for the project.  

 

SS C5.1: Site Development- Protect or Restore Habitat – 

 

Natural habitat were protected to the best extent possible by the use of buffers and 

conservation easements. 

 

SS C5.2: Site Development Maximize Open Space –  

 

The library site maximized open space by the use of natural environment, natural/existing 

stormwater facility and the use of human environment and open spaces as park for 

recreational purposes. 
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SS C6.1: Stormwater Design Quantity Control –  

 

The site is designed such that the quantity of stromwater runoff from the site prior to the 

development does not exceed the quantity of stormwater runoff post development. This 

helps minimize and promote stormwater quantity control. 

 

SS C6.2: Stormwater Design Quality Control –  

 

Stormwater runoff from the library development is managed and treated using innovative 

technology and the existing regional stormwater facility to ensure and enhance water 

quality leaving the site. 

Runoff from the parking lot is routed through meandering, stone and vegetated swales to 

simulate natural effect and maximize treatment. 

 

WE C1: Water Efficient Landscaping –  

 

Native plans and shrubberies were selected and planted with temporary irrigation system 

to allow for the plants to take hold without wasting good water. 
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APPENDIX C 

TARGETED LEED CREDITS  

 

SS Credit 1- Site Selection: This credit shall be achieved. 

 We need to verify that site is not: 

o Prime farmland 

o Land that is identified as habitat for species on Federal/State 

Endangered Species list. 

 We have verified: 

o Site is above FEMA 100-Year Flood Definition 

o Site is 50’ from water body. 

o Site is not public parkland, is residential preservation 

 

SS Credit 4.2- Alternative Transportation, Bicycle Storage & Changing Rooms: This 

credit shall be achieved.  

 Assume 15 FTE building occupants then 1 shower is required within 200 

yards of building entrance to achieve this credit. 

AND 

 Assume 250 transient occupants at peak period, then 13 secure bicycle 

stations are required within 200 yards to achieve this credit. 

 

SS Credit 4.3- Alternative Transportation, Low-Emitting & Fuel Efficient Vehicles: This 

credit shall be achieved. 

 Option 1: Provide preferred parking for low-emitting and fuel-efficient 

vehicles for 5% of total vehicle parking capacity of the site. 

 

SS Credit 4.4- Alternative Transportation, Parking Capacity: This credit shall be 

achieved. 

 Option 1: If we do not exceed local zoning requirements AND provide 

preferred parking for carpools/vanpools for 5% of provided parking 

spaces. 
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SS Credit 5.1- Site Development, Protect or Restore Habitat: This credit shall be 

achieved. 

o Assuming site is a previously developed site. Restore or protect 

minimum of 50% of total site (excluding building footprint) or 20% 

of total site (including building footprint) with native or adapted 

vegetation.  

 

SS Credit 5.2- Site Development, Maximize Open Space: This credit shall be achieved. 

 Exceed local zoning requirements for vegetated open space requirements 

on the project site. 

 

SS Credit 6.1- Stormwater Design, Quantity Control: This credit shall be achieved. 

 Implement stormwater management plan to prevent post-development 

peak discharge rate & quantity from exceeding pre-development peak 

discharge rate & quantity for 1 & 2 year 24-hour design storms 

 Use pervious paving. 

 Reuse stormwater volumes for landscape irrigation, toilet flush, custodial 

uses 

 

SS Credit 6.2 – Stormwater Design, Quality Control: This credit shall be achieved. 

 Implement stormwater management plan that reduces impervious cover, 

promotes infiltration and captures and treats 90% of average annual 

rainfall. 

 

SS Credit 7.1- Heat Island Effect, Non-Roof: This credit shall be achieved. 

 Option 1: Combination of the following for 50% of site hardscape (roads, 

sidewalks, courtyards & parking lots) 

o Shade within 5 years 

o Paving material with SRI ≥ 29 

o Open grip paving 
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SS Credit 7.2- Heat Island Effect, Roof: This credit shall be achieved. 

 Option 1: 75% of Roof shall have SRI of: 

o Low slope ≤ 2:12 than SRI ≥ 78 

o Steep slope > 2:12 than SRI ≥ 29 

 

SS Credit 8- Light Pollution Reduction: This credit shall be achieved. 

 All interior light (minus emergency light) shall have automatic turn off 

during non-business hours. 

 Site lighting: only for safety and comfort. Do not exceed: 

o 80% exterior areas 

o 50% building facades & landscape features 

 Follow requirements for zone- LZ2 (low residential zone) 

 

 

 

 

WE Credit 1.1- Water Efficient Landscaping, Reduce by 50% 

WE Credit 1.2- Water Efficient Landscaping, No Potable Water Use of No Irrigation: 

These points shall be achieved. 

 Use only captured rain water, recycled wastewater, recycled graywater or 

water treated & conveyed by a public agency specifically for non-potable 

uses for irrigation. 

 

WE Credit 2 – Innovative Wastewater Technologies: This credit may be achieved. 

 Reduce potable water use for building sewage by 50% through use of 

water-conserving fixtures or non-potable water. 

 

WE Credit 3 - Water Use Reduction, 30% - 40% Reduction: This credit may be achieved. 

 The prerequisite is to reach a 20% reduction, once calculations are done it 

will show if a greater reduction can be achieve and thus achieve this 

credit through the use of water conserving and graywater systems. 
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EA Credit 1 – Optimize Energy Performance, 12-48%: These credits can be achieved. 

 The building envelope and systems shall be designed to maximize energy 

performance. A simulation model will be used to compare a baseline 

building energy performance against the designed building. The project 

team hopes to exceed the required energy performance percentage and 

receive multiple points within this credit. 

 

EA Credit 2 – On-Site Renewable Energy, 1-13%: These credits shall be achieved. 

 The project shall be designed to incorporate on-site renewable energy 

systems to offset building energy cost. 

 

EA Credit 5 – Measurement & Verification: This credit shall be achieved. 

 A measurement and verification plan shall be developed to evaluate the 

energy system performance. These systems shall provide for the ongoing 

accountability of building energy performance. 

 

EA Credit 6 – Green Power: This credit can be achieved. 

 The Owner can engage in a minimum of 2-year renewable energy 

contract to provide a minimum of 35% of the building’s electricity form a 

renewable source. Certificates can be purchased for green power to 

achieve this credit. 
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MR Credit 2 – Construction Waste Management, Divert 50-75% from Disposal: These 

points shall be achieved. 

 A specification will be included in the project documents detailing and 

directing the contractor on diverting through recycling and/or salvage of 

construction debris. 

 

MR Credit 3 – Materials Reuse, 5-10%: At least one of these credits may be achieved. 

 Project team, will research for salvaged, refurbished or reused materials 

to incorporated into the building design to constitute at least 5-10% 

based on total material cost. 

 

MR Credit 4 – Recycled Content, 10-20% (post consumer + ½ pre-consumer): At least 

one of these credits shall be achieved. 

 Project team will specify recycled materials, identify material suppliers 

that supply recycled materials and confirm installation of recycled 

materials. 

 

MR Credit 5 – Regional Materials, 10-20%: At least one of these credits shall be 

achieved. 

 Project team will specify desire for locally sourced materials, identify 

materials & material suppliers and confirm installation of regional 

materials. 

 

MR Credit 6 – Rapidly Renewable Materials, 2.5%: This credit may be achieved. 

 Rapidly renewable materials shall be specified to meet or exceed the 

requirements for this credit. 
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IEQ Credit 1 – Outdoor Air Delivery Monitoring: This credit shall be achieved. 

 The building design will include CO2 and airflow measurement 

equipment that feeds into the HVAC system and triggers an alarm when 

levels vary by 10% or more to the building operator or a visual alarm to 

building occupants. 

 

IEQ Credit 3 – Construction IAQ Management Plan, During Construction & Before 

Occupancy: These credits shall be achieved. 

 An IAQ management plan will be designed and implemented during 

construction and prior to occupancy to reduce IAQ problems or 

pollutants. 

 

IEQ Credit 4 – Low-Emitting Materials, Adhesives & Sealants; Paints & Coatings; 

Flooring Systems; Composite Wood & Agrifiber Products: These credits shall be 

achieved. 

 Specifications will define the requirements for low VOC materials in 

construction, paints, products that are certified under the Green Label 

Plus program and that contain no added urea-formaldehyde resins. 

 

IEQ Credit 5 – Indoor Chemical and Pollutant Source Control: This credit shall be 

achieved. 

 The project will minimize and control the entry of pollutants into the 

building and cross-contaminated areas through the implementation of 

entryway systems to capture dirt and pollutants, separation and exhaust 

spaces with hazardous gases or chemicals. 

 

 IEQ Credit 6 – Controllability of System, Lighting; Thermal Comfort: These credits shall 

be achieved. 

 The building will be designed with occupant controls for lighting and 

individual thermostats controls for spaces. 
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IEQ Credit 7 – Thermal Comfort, Design & Verification: Theses credits shall be 

achieved. 

 The building HVAC system shall be designed to meet comfort criteria 

according to ASHRAE 55 and a survey will be given to building occupants 

within 6-18 months after occupancy to collect their responses concerning 

individual thermal comfort within the building. 

 

IEQ Credit 8 – Daylight and Views, Daylight for 75%; Views for 90% of Spaces: These 

credits shall be achieved. 

 The building shall be designed to maximize interior daylighting and view 

opportunities. 

 

 

 

ID Credit 1 – Innovation in Design: Multiple credits may be achieved. 

 The building design shall apply strategies that demonstrate a 

comprehensive approach in the building environment and/or health 

benefits.  

 

ID Credit 2 – LEED Accredited Professional: This credit shall be achieved. 

 The project team includes at least 1 principal participant whom is a LEED 

Accredited Professional. 
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APPENDIX D 

PHOTOVOLTAIC SYSTEM 
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APPENDIX E 

LEED REQUIREMENTS 

 

 

(SSp1)  Create and implement an erosion and sedimentation control plan for all construction activities 
associated with the project. The plan must conform to the erosion and sedimentation requirements of 
the 2003 EPA Construction General Permit OR local standards and codes, whichever is more stringent. 
The plan must describe the measures implemented to accomplish the following objectives: 

 Prevent loss of soil during construction by stormwater runoff and/or wind erosion, including 
protecting topsoil by stockpiling for reuse. 

 Prevent sedimentation of storm sewers or receiving streams. 
 Prevent pollution of the air with dust and particulate matter. 

 

(SSc4.2)  Provide secure bicycle racks and/or storage within 200 yards of a building entrance for 5% or 
more of all building users. Provide shower and changing facilities in the building for 0.5% of FTE 
occupants. 

 

(SSc4.3)  Provide preferred parking for low‐emitting and fuel‐efficient vehicles for 5% of the total vehicle 
parking capacity of the site.  

 

(SSc4.4)  Size parking must meet but not exceed minimum local zoning requirements. Provide preferred 
parking for carpools or vanpools for 5% of the total parking spaces. 

 

(SSc5.1)  Previously developed areas or graded sites: Restore or protect a minimum of 50% of the site 
(excluding the building footprint) or 20% of the total site area (including building footprint) whichever is 
greater, with native or adapted vegetation. 

 

(SSc7.1)  Use any combination of the following strategies for 50% of the site hardscape (including roads, 
sidewalks, courtyards and parking lots): 

 Provide shade from the existing tree canopy or within 5 years of landscape installation. 
Landscaping must be in place at the time of occupancy. 

 Provide shade from structures covered by solar panels that produce energy used to offset some 
nonrenewable resource use. 

 Provide shade from architectural devices or structures that have a solar reflectance index of at 
least 29. 
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 Use hardscape materials with an SRI of at least 29. 
 Use an open grid pavement system (at least 50% pervious). 

 

(SSc7.2)  Use roofing materials with a SRI equal to or greater than 29 (slope >2:12) or 78 (slope </= 2:12) 
for a minimum of 75% of the roof surface. 

 

(EAp1)  Following commissioning process activities must be completed by the project team: 

Designate an individual as the CxA to lead, review and oversee the completion of the commissioning 
process activities. 

Owner must document the OPR. Design team must develop BOD. The CxA must review these documents 
for clarity and completeness. The owner and design team must be responsible for updates to their 
respective documents. 

Develop and incorporate commissioning requirements into the construction documents. 

Develop and implement a commissioning plan. 

Verify the installation and performance of the systems to be commissioned. 

Complete a summary commissioning report. 

 

(EAp3)  Zero use of chlorofluorocarbon (CFC)‐based refrigerants in new base building HVAC&R systems.  

 

(EAc5)  Develop a Measurement & Verification Plan to evaluate building and/or energy system 
performance. 

 

(MRp1)  Provide an easily‐accessible dedicated area or areas for the collection and storage of materials 
for recycling for the entire building. Materials must include, at a minimum: paper, corrugated cardboard, 
glass, plastics and metals. 

 

(MRc2)  Recycle and/or salvage nonhazardous construction and demolition debris. Develop and 
implement a construction waste management plan that, at a minimum, identifies the materials to be 
diverted from disposal and whether the materials will be sorted on‐site or comingled. Excavated soil and 
land‐clearing debris do not contribute to this credit. Calculations can be done by weight or volume, but 
must be consistent throughout. 75%‐2 points; 50%‐ 1 point 
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(MRc4)  Use materials with recycled content such that the sum of postconsumer recycled content plus ½ 
of the preconsumer content constitutes at least 10%‐20%  based on cost of the total value of the 
materials in the project.  

 

(MRc5) Use building materials or products that have been extracted, harvested or recovered, as well as 
manufactured, within 500 miles of the project site for a minimum of 10% or 20% based on cost, of the 
total materials value. If only a fraction of a product or material is extracted, harvested, or recovered and 
manufactured locally, then only that percentage (by weight) can contribute to the regional value. 

 

(MRc6)  Use rapidly renewable building materials and products for 2.5% of the total value of all building 
materials and products used in the project, based on cost. Rapidly renewable products are made from 
plants that are typically harvested within a 10‐year or shorter cycle. 

 

(IEQp1)  Meet minimum requirements of Sections 4‐7 of ASHRAE Standard 62.1‐2007, Ventilation for 
Acceptable Indoor air Quality. Mechanical ventilation systems must be designed using the ventilation 
rate procedure or the applicable local code, whichever is more stringent. 

 

(IEQp2)  Prohibit smoking in the building. Prohibit on‐property smoking within 25 feet of entries, 
outdoor air intakes and operable windows. Provide signage to allow smoking in designated areas, 
prohibit smoking in designated areas or prohibit smoking on the entire property. 

 

(IEQp3)  Install permanent monitoring systems to ensure that ventilation systems maintain 
requirements. Configure all monitoring equipment to generate an alarm when airflow values or carbon 
dioxide levels vary by 10% or more from the design values via either a building automation system alarm 
to the building operator or a visual or audible alert to the building occupants. AND Monitor CO2 
concentrations within all densely occupied spaces (those with a design occupant density of 25 people or 
more per 1,000 SF) CO2 monitors must be between 3 and 6 FT above the floor. Provide a direct outdoor 
airflow measurement device capable of measuring the minimum outdoor air intake flow with an 
accuracy of plus or minus 15% of the design minimum outdoor air rate, as defined by ASHRAE. 

 

(IEQc3.1)  Develop and implement an IAQ management plan for the construction and preoccupancy 
phases of the building as follow: 

 During construction meet or exceed the recommended control measures of the SMACNA IAQ 
Guidelines for occupied buildings under construction. 

 Protect stored on‐site and installed absorptive materials from moisture damage. 
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 If permanently installed air handlers are used during construction, filtration media with a 
minimum efficiency reporting value of 8 must be used at each return air grille, as determined by 
ASHRAE. Replace all filtration media immediately prior to occupancy. 

 

(IEQc3.2)  Develop an IAQ management plan and implement it after all finishes have been installed and 
the building has been completely cleaned before occupancy. 

 Option 1: After construction ends, prior to occupancy and with all interior finishes installed, 
install new filtration media and perform a building flush‐out by supplying a total air volume of 
14,000 cubic‐feet of outdoor air per square foot of floor area while maintaining an internal 
temperature of at least 60º F and relative humidity no higher than 60% 

 Option 2: Conduct baseline IAQ testing after construction ends and prior to occupancy using 
testing protocols consistent with the EPA Compendium of Methods for the Determination of Air 
Pollutants in Indoor Air and as additionally detailed in the LEED Reference Guide for Green 
Building design and Construction, 2009 Edition.  

 

(IEQc4.1)  All adhesives and sealants used on the interior of the building must comply with the following 
requirements as applicable to the project scope: 

 

Architectural Applications 

 

VOC Limit (g/L 
less water) 

Specialty Applications  VOC Limit (g/L 
less water) 

Indoor carpet adhesives  50  PVC welding 510 

Carpet pad adhesives  50  CPVC welding 490 

Wood flooring adhesives  100  ABS welding 325 

Rubber floor adhesives  60  Plastic cement welding 250 

Subfloor adhesives  50  Adhesive primer for plastic  550 

Ceramic tile adhesives  65  Contact adhesive 80 

VCT & asphalt adhesives  50  Special purpose contact 
adhesive 

250 

Drywall and panel adhesives  50  Structural wood member 
adhesive 

140 

Cove base adhesives  50  Sheet applied rubber lining 
operations 

850 

Multipurpose construction 
adhesives 

70  Top and trim adhesive 250 

Structural glazing adhesives  100   
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Substrate Specific 
Applications 

VOC Limit (g/L 
less water) 

Sealants  VOC Limit (g/L 
less water) 

Metal to metal  30  Architectural 250 

Plastic forms  50  Nonmembrane roof 300 

Porus material (except wood)  50  Roadway 250 

Wood  30  Single‐ply roof membrane  450 

Fiberglass  80  Other 420 

Sealant Primers    Aerosol Adhesives  VOC Limit 

Architectural, nonporous  250  General Purpose mist spray  65% VOC by 
weight 

Architectural, porous  775  General Purpose web spray  55% VOC by 
weight 

Other  750  Special purpose aerosol 
adhesives (all types) 

70% VOC by 
weight 

 

(IEQc4.2)  Paints and coatings used on the interior of the building must comply with the following 
criteria as applicable to the project scope: 

 Architectural paints and coatings applied to interior walls and ceilings must not exceed the VOC 
content limits established in Greeen Seal Standard GS‐11 

 Anti‐corrosive and anti‐rust paints applied to interior ferrous metal substrates must not exceed 
the VOC content limit of 250 g/L established in GS‐03 

 Clear wood finishes, floor coatings, stains, primers and shellacs applied to interior elements 
must not exceed the VOC content limits established in SCAQMD Rule 1113 

 

(IEQc4.3)  All flooring must comply with the following as applicable to the project scope: 

 All carpet installed in the building interior must meet the testing and product requirements of 
the Carpet and Rug Institute Green Label Plus program. 

 All carpet cushion installed in the building interior must meet the requirements of the Carpet 
and Rug Institute Green Label Plus program. 

 All carpet adhesive must meet the requirements of IEQ Credit 4.1, which includes a VOC limit of 
50 g/L 

 All hard surface flooring must be certified as compliant with the FloorScore standard by an 
independent third‐party. Flooring products covered by FloorScore include vinyl, linoleum, 
laminate flooring, wood flooring, ceramic flooring, rubber flooring and wall base. 

 An alternative compliance path using FloorScore is acceptable for credit achievement: 100% of 
the non‐carpet finished flooring must be FloorScore‐certified and must constitute at least 25% 
of the finished floor area. Examples of unfinished flooring include floors in mechanical rooms, 
electrical rooms and elevator service rooms. 
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 Concrete, wood, bamboo and cork floor finishes such as sealer, stain and finish must meet the 
requirements of SCAQMD Rule 1113. 

 The setting adhesives and grout must meet SCAQMD Rule 1168. VOC limits correspond to an 
effective date of July 1, 2005 and rule amendment date of January 7, 2005. 

 

(IEQc4.4)  Composite wood and agrifiber products used on the interior of the building must contain no 
added urea‐formaldehyde resins. Laminating adhesives used to fabricate on‐site and shop‐applied 
composite wood and agrifiber assembles must not contain added urea‐formaldehyde resins. Composite 
wood and agrifiber products are defined as particleboard, medium density fiberboard, plywood, 
wheatboard, strawboard, panel substrates and door cores. Materials considered fixtures; furniture and 
equipment are not considered base building and are not included. 

 

(IEQc5)  Design to minimize and control the entry of pollutants into buildings and later cross‐
contamination of regularly occupied areas through the following strategies: 

 Employ permanent entryway systems at least 10 feet in the primary direction of travel to 
capture dirt and particulates entering the building at regularly used exterior entrances. 
Acceptable entryway systems include permanently installed grates, grills and slotted systems 
that allow for cleaning underneath. Roll‐out mats are acceptable only when maintained on a 
weekly basis by a contracted service organization. 

 Sufficiently exhaust each space where hazardous gases or chemicals may be present or used (i.e. 
garages, housekeeping, laundry area, copying and printing rooms) to create negative pressure 
with respect to adjacent spaces when the doors to the room are closed. For each of these 
spaces, provide self‐closing doors and deck to deck partitions or a hard‐lid ceiling. The pressure 
differential with the surrounding spaces must be at least 5Pa on average and 1Pa at a minimum 
when the doors to the rooms are close. 

 In mechanically ventilated building, install new air filtration media in regularly occupied areas 
prior to occupancy, these filters must provide a MERV of 13 or higher. Filtration should be 
applied to process both return and outside air that is delivered as supply air. 

 Provide containment for appropriate disposal of hazardous liquid wastes in places where water 
and chemical concentrate mixing occurs. 

 

(IEQc6.1)  Provide individual lighting controls for 90% of the building occupants to enable adjustments to 
suit individual task needs and preferences. Provide lighting system controls for all shared multi‐occupant 
spaces to enable adjustments that meet group needs and preferences. 

 

(IEQc6.2)  Provide individual comfort controls for 50% of the building occupants to enable adjustments 
to meet individual needs and preferences. Operable windows may be used in lieu of controls for 
occupants located 20 feet inside and 10 feet to either side of the operable part of a window. The area of 
operable window must meet the requirements of ASHRAE 62.1. Provide comfort system controls for all 
shared multi‐occupant spaces to enable adjustments that meet group needs and preferences. 
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(IEQc7.1)  Design HVAC systems and the building envelope to meet the requirements of ASHRAE 
Standard 55. 

 

(IEQc72.)  Provide a permanent monitoring system to ensure that building performance meets the 
desired comfort criteria as determined by IEQ Credit 7.1.  Agree to conduct a thermal comfort survey of 
building occupants within 6‐18 months after occupancy. This survey should collect anonymous 
responses about thermal comfort in the building, including an assessment of overall satisfaction with 
thermal performance and identification of thermal comfort related problems. Agree to develop a plan 
for corrective action if the survey results indicate that more than 20% of occupants are dissatisfied with 
thermal comfort in the building. This plan should include measurement of relevant environmental 
variables in problem areas in accordance with ASHRAE Standard 55. 
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APPENDIX F 

UPDATED TARGETED LEED CREDITS 

 

 

SS Credit 1- Site Selection: This credit shall be achieved. 

 We need to verify that site is not: 

o Prime farmland 

o Land that is identified as habitat for species on Federal/State 

Endangered Species list. 

 We have verified: 

o Site is above FEMA 100-Year Flood Definition 

o Site is 50’ from water body. 

o Site is not public parkland, is residential preservation 

 

SS Credit 4.2- Alternative Transportation, Bicycle Storage & Changing Rooms: This 

credit shall be achieved.  

 Assume 15 FTE building occupants then 1 shower is required within 200 

yards of building entrance to achieve this credit. 

AND 

 Assume 250 transient occupants at peak period, then 13 secure bicycle 

stations are required within 200 yards to achieve this credit. 

 

SS Credit 4.3- Alternative Transportation, Low-Emitting & Fuel Efficient Vehicles: This 

credit shall be achieved. 

 Option 1: Provide preferred parking for low-emitting and fuel-efficient 

vehicles for 5% of total vehicle parking capacity of the site. 

 

SS Credit 4.4- Alternative Transportation, Parking Capacity: This credit shall be 

achieved. 
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 Option 1: If we do not exceed local zoning requirements AND provide 

preferred parking for carpools/vanpools for 5% of provided parking 

spaces. 

 

SS Credit 5.1- Site Development, Protect or Restore Habitat: This credit shall be 

achieved. 

o Assuming site is a previously developed site. Restore or protect 

minimum of 50% of total site (excluding building footprint) or 20% 

of total site (including building footprint) with native or adapted 

vegetation.  

 

SS Credit 5.2- Site Development, Maximize Open Space: This credit shall be achieved. 

 Exceed local zoning requirements for vegetated open space requirements 

on the project site. 

 

SS Credit 6.1- Stormwater Design, Quantity Control: This credit shall be achieved. 

 Implement stormwater management plan to prevent post-development 

peak discharge rate & quantity from exceeding pre-development peak 

discharge rate & quantity for 1 & 2 year 24-hour design storms 

 Use pervious paving. 

 Reuse stormwater volumes for landscape irrigation, toilet flush, custodial 

uses 

 

SS Credit 6.2 – Stormwater Design, Quality Control: This credit shall be achieved. 

 Implement stormwater management plan that reduces impervious cover, 

promotes infiltration and captures and treats 90% of average annual 

rainfall. 

 

SS Credit 7.1- Heat Island Effect, Non-Roof: This credit shall be achieved. 

 Option 1: Combination of the following for 50% of site hardscape (roads, 

sidewalks, courtyards & parking lots) 

o Shade within 5 years 
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o Paving material with SRI ≥ 29 

o Open grip paving 

 

SS Credit 7.2- Heat Island Effect, Roof: This credit shall be achieved. 

 Option 1: 75% of Roof shall have SRI of: 

o Low slope ≤ 2:12 than SRI ≥ 78 

o Steep slope > 2:12 than SRI ≥ 29 

 

SS Credit 8- Light Pollution Reduction: This credit shall be achieved. 

 All interior light (minus emergency light) shall have automatic turn off 

during non-business hours. 

 Site lighting shall not exceed 80% of the lighting power densities for 

exterior areas, and 50% for building facades & landscape features. 

 Exterior Lighting shall comply with the requirements of Zone LZ2 (Low, 

Residential). 

 

 

 

WE Credit 1.1- Water Efficient Landscaping, Reduce by 50% 

WE Credit 1.2- Water Efficient Landscaping, No Potable Water Use of No Irrigation: 

These points shall be achieved. 

 Use only captured rain water, recycled wastewater, recycled graywater or 

water treated & conveyed by a public agency specifically for non-potable 

uses for irrigation. 

 

WE Credit 2 – Innovative Wastewater Technologies: This credit may be achieved. 

 Reduce potable water use for building sewage by 50% through use of 

water-conserving fixtures or non-potable water. 

 

WE Credit 3 - Water Use Reduction, 30% - 40% Reduction: This credit may be achieved. 
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 Once calculations are done, it will be determined if a greater reduction 

can be achieved and thus achieve this credit through the use of water 

conserving, captured rain water and graywater systems. 

 

EA Credit 1 – Optimize Energy Performance, 12-48%: These credits can be achieved. 

 The building envelope and systems shall be designed to maximize energy 

performance. A simulation model will be used to compare a baseline 

building energy performance against the designed building allowing the 

energy efficiency of various building elements and systems to be 

comparatively predicted The project team hopes to exceed the required 

energy performance percentage and receive multiple points within this 

credit by identifying and implementing a balanced building envelope and 

mechanical system incorporating energy recovery. 

 

EA Credit 2 – On-Site Renewable Energy, 1-13%: These credits can be achieved. 

 The project shall be designed to incorporate on-site renewable energy 

systems to offset building energy cost.  These renewable energy systems 

will involve a combination of roof-mounted photovoltaic collectors, 

individual collectors for site lighting, and remote pole-mounted 

collectors that track sunlight for maximum energy production. 

 

EA Credit 5 – Measurement & Verification: This credit shall be achieved. 

 A measurement and verification plan shall be developed to evaluate the 

energy system performance. These systems shall provide for the ongoing 

accountability of building energy performance. 

 

EA Credit 6 – Green Power: This credit can be achieved. 

 The Owner can engage in a minimum of 2-year renewable energy 

contract to provide a minimum of 35% of the building’s electricity form a 

renewable source. Certificates can be purchased for green power to 

achieve this credit. 
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MR Credit 2 – Construction Waste Management, Divert 50-75% from Disposal: These 

points shall be achieved. 

 A specification will be included in the project documents detailing and 

directing the contractor on diverting through recycling and/or salvage of 

construction debris. 

 

MR Credit 3 – Materials Reuse, 5-10%: At least one of these credits may be achieved. 

 Project team, will research for salvaged, refurbished or reused materials 

to incorporated into the building design to constitute at least 5-10% 

based on total material cost. 

 

MR Credit 4 – Recycled Content, 10-20% (post consumer + ½ pre-consumer): At least 

one of these credits shall be achieved. 

 Project team will specify recycled materials, identify material suppliers 

that supply recycled materials and confirm installation of recycled 

materials. 

 

MR Credit 5 – Regional Materials, 10-20%: At least one of these credits shall be 

achieved. 

 Project team will specify desire for locally sourced materials, identify 

materials & material suppliers and confirm installation of regional 

materials. 

 

MR Credit 6 – Rapidly Renewable Materials, 2.5%: This credit may be achieved. 

 Rapidly renewable materials shall be specified to meet or exceed the 

requirements for this credit. 
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IEQ Credit 1 – Outdoor Air Delivery Monitoring: This credit shall be achieved. 

 The building design will include CO2 and airflow measurement 

equipment that feeds into the HVAC system and triggers an alarm when 

levels vary by 10% or more to the building operator or a visual alarm to 

building occupants. 

 

IEQ Credit 3 – Construction IAQ Management Plan, During Construction & Before 

Occupancy: These credits shall be achieved. 

 An IAQ management plan will be designed and implemented during 

construction and prior to occupancy to reduce IAQ problems or 

pollutants. 

 

IEQ Credit 4 – Low-Emitting Materials, Adhesives & Sealants; Paints & Coatings; 

Flooring Systems; Composite Wood & Agrifiber Products: These credits shall be 

achieved. 

 Specifications will define the requirements for low VOC materials in 

construction, paints, products that are certified under the Green Label 

Plus program and that contain no added urea-formaldehyde resins. 

 

IEQ Credit 5 – Indoor Chemical and Pollutant Source Control: This credit shall be 

achieved. 

 The project will minimize and control the entry of pollutants into the 

building and cross-contaminated areas through the implementation of 

entryway systems to capture dirt and pollutants, separation and exhaust 

spaces with hazardous gases or chemicals. 

 

 IEQ Credit 6 – Controllability of System, Lighting; Thermal Comfort: These credits shall 

be achieved. 

 The building will be designed with occupant controls for lighting and 

individual thermostats controls for spaces. 
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IEQ Credit 7 – Thermal Comfort, Design & Verification: Theses credits shall be 

achieved. 

 The building HVAC system shall be designed to meet comfort criteria 

according to ASHRAE 55 and a survey will be given to building occupants 

within 6-18 months after occupancy to collect their responses concerning 

individual thermal comfort within the building. 

 

IEQ Credit 8 – Daylight and Views, Daylight for 75%; Views for 90% of Spaces: These 

credits shall be achieved. 

 The building shall be designed to maximize interior daylighting and view 

opportunities. 

 

 

 

ID Credit 1 – Innovation in Design: Multiple credits may be achieved. 

 The building design shall apply strategies that demonstrate a 

comprehensive approach in the building environment and/or health 

benefits.  

 

ID Credit 2 – LEED Accredited Professional: This credit shall be achieved. 

 The project team includes at least 1 principal participant whom is a LEED 

Accredited Professional. 
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APPENDIX G 

LEED PRELIMINARY DESIGN REVIEW REPORT 
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APPENDIX H 

SITE CREDITS 
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APPENDIX I 

LIFE CYCLE COST EQUATIONS 

 

Equations: 

Annual Savings = 12 * (monthly water savings * monthly sewer savings) 

Net Present Value = ∑ 	 	 ∗ 	 	 	 	 	 	 	
	 	 	 	 	 	  

Benefit/Cost Ratio = 
	 		  

 

Example for Water Consumption: 

Annual Savings = 12*$2.32*$7.43= $117 

Net Present Value = ∑ $ ∗ 	
 = $2074.77 

Benefit/Cost Ratio = 
$ .$ .  = 3.35 
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