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Abstract 

While green building rating systems allow for projects to follow a set of guidelines to construct a healthy, 

resource-efficient building, a building should only be considered sustainable, in a holistic sense, if a similar 

level of thought is placed on the project’s site.  The US Green Building Council’s Leadership in Energy & 

Environmental Design (USGBC LEED) rating system provides a set of credits related to the site’s location in 

its Sustainable Sites, Location & Transportation, Energy & Atmosphere, and Regional Priority categories, 

however these parameters cannot account for the feasibility of these solutions or their financial 

effectiveness.  This study proposes to mitigate this problem utilizing a combined Analytical Hierarchy 

Process (AHP) and Multi-Attribute Utility Theorem (MAUT) decision-making tool that will assess several 

desired site attributes (e.g. cost, distance to public transportation, solar potential) using a set of user-

defined attribute weights, via pairwise comparisons, to produce a site score that outlines each location’s 

desirability and allows for comparisons between the alternatives.  The study proposes assessing the 

desirability of four potential sites (in the state of Florida in the United States) for the location of a low-rise 

office building seeking LEED certification.  A GIS model, constructed predominately from information 

provided by the Florida Geographic Data Library, will allow for estimating several site parameters that 

would otherwise be difficult to obtain without on-site analysis.  The four project alternatives will be 

compared based on their site scores and how well they meet the project’s individual goals.   
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1. Introduction 

While any client making the decision to have their building project pursue certification with a sustainable 

rating system (e.g., the US Green Building Council’s Leadership in Energy and Environmental Design [LEED], 

Building Research Establishment Environmental Assessment Method [BREEAM]) is trying to incorporate 

sustainability as a major aspect of their project, its inclusion in a construction project often leaves the 

question of how to consider the trade-off between a project’s sustainability goals and its financial goals.  

Sustainable construction can often be viewed as a more expensive venture than typical construction 

practices and past studies have found that LEED construction typically incurs a cost premium in the range 

of 2% [1,2].  Given that sustainable construction may be more expensive, the decision-maker may 

encounter the question of ‘How much am I willing to spend to achieve to obtain a more sustainable project?’  

We are often conditioned to look for an objective method to solve this tradeoff problem but this type of 

problem is subjective in nature.  When expanding this subjectivity to other aspects of the problem, a 

decision-maker will find that several project parameters contribute to the desirability of a project but may 

lack an identifiable tradeoff relationship with each other.  For example, when selecting a residence/building 
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to purchase/rent, the decision-maker will consider the purchase cost of the building will be of great 

importance, but the location of the project, the size of the building, and its proximity to other amenities or 

transportation networks may also be influencing factors.  Without any guidelines, it can be difficult to 

understand how to model tradeoffs between the size of the building and its location.  As such, an ideal 

decision-support system should be flexible (i.e., capable of considering multiple competing goals) and 

should be able to incorporate a decision-maker’s own subjective bias.  Based on these criteria, the Analytical 

Hierarchy Process (AHP) was implemented to assist in applying a set of user-defined weights/biases to 

create a decision-support system that can compare numerous competing project goals and assess their 

relative importance to the overall desirability of a project.  It can assist the decision-maker in identifying 

their own biases and using them to understand how they view the tradeoff between a project’s sustainable 

and financial goals.  While AHP is effective at allowing the decision-maker to conceptualize the relative 

importance of a project’s criteria, it doesn’t provide a method for determining how well any given alternative 

meets the goals of a criteria (i.e., it tells us the relative importance of sustainability on a project, but not 

necessarily how well a given alternative meets the sustainability goals).  The inclusion of the Multiple 

Attribute Utility Theory (MAUT) allows for modeling the relationship between project parameters and their 

overall desirability to the project.  This combined AHP-MAUT decision-making approach takes the weighting 

system from AHP and combines it with the goal achievement modeling from MAUT to produce a flexible 

decision-support tool that takes objective project information (e.g., project cost, site solar energy potential) 

and subjective preferences to produce a decision-making tool that assists the decision-maker in selecting 

a preferable option from a set of alternatives. 

AHP and MAUT are relatively straightforward systems, but it can be difficult for those unfamiliar with the 

systems to understand how to apply them to the decision-making process.  As such, the objective of this 

research is to provide a framework for the AHP-MAUT decision-making approach and explain how it can be 

used for decision-support on projects looking to pursue some form of sustainable certification.  The study 

will introduce a case study where a set of four different low-rise office buildings will be assessed by their 

ability to meet the financial and sustainable project goals, the approach’s framework will be introduced, 

and an analysis of the model output will provide a clear understanding on how to interpret the results.  

Several site characteristics will be extracted from publicly available GIS data to better assess the 

attractiveness of the site to the decision-maker. 

2. Literature Review 

The Analytical Hierarchy Process (AHP) describes a decision-making process wherein the decision-maker is 

looking to compare two or more alternatives using multiple, competing criteria.  The process described in 

[3,4] involves modeling a problem so that the decision-maker can identify their goal, alternatives (i.e., 

solutions to the problem), and the criteria that will be used to define how well an alternative solves the 

problem.  Four different steps that AHP uses to support the decision-making process include: 1) definition 

of the problem; 2) structuring the decision hierarchy (typically with the goal at the top, followed by the 

criteria, the subcriteria, and with the alternatives at the bottom); 3) the development of pairwise 

comparison matrices (where each criteria’s subcriteria are compared against one another); 4) using the 

weight values from the pairwise comparison matrices to determine each element’s global priority (i.e., how 

important an individual element is to the overall goal) until the final priorities of the alternatives are known 

[4].  The definition of the problem and structuring of the hierarchy requires identifying the project’s overall 

goal (e.g., construction of an office building), the criteria that act as barometers to determine how well an 

alternative has met the overall goal (e.g., building cost, number of LEED points obtained), and the sub-

criteria that define the level of attainment an alternative achieves with the individual criteria (e.g., building 

size, facility maintenance costs, points obtained in the Energy & Atmosphere category).  Each upper-level 

element (e.g., project goal, criteria) requires the development of a pairwise comparison matrix that will rank 

the elements in the level below.  The decision-maker will use Table 1 to perform this action thereby defining 

the relative importance of each subcriteria in meeting the objectives of the criteria.  For example, if a project 

has a cost criterion, then the pairwise comparison matrix will be used to define the relative importance of 

each cost subcriteria (e.g., building cost, maintenance cost, property taxes) in achieving the goals of that 

criterion.  Once performed for the project’s criteria and subcriteria, each element’s global priority will be 
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known, thus providing the decision-maker with both a ranking of each element and an understanding of 

the relative difference in the importance between any two elements. 

The flexibility of the Analytical Hierarchy Process allows for it to provide decision support on problems from 

a multitude of disciplines.  Previous literature has attributed the ease of handling multiple, diverse criteria 

[5,6,7], capable of working with both qualitative and quantitative data [5], and ease of use [5,7] to AHP.  In 

the area of sustainability, methodologies involving AHP in the decision-making process have included those 

for prioritizing the most relevant sustainability initiatives in a business [8], the selection of a socially 

sustainable supplier [9], selecting a building alternative based on sustainability and cost parameters [10], 

and the selection of sustainable materials for construction projects [11].   

Table 1. The fundamental scale of absolute numbers [4]. 

Intensity of 

Importance 
Definition Explanation 

1 Equal Importance Two activities contribute equally to the objective 

2 Weak or slight 
 

3 Moderate importance Experience and judgement slightly favor one activity over 

another 

4 Moderate plus 
 

5 Strong importance Experience and judgement strongly favor one activity over 

another 

6 Strong plus 
 

7 Very strong or demonstrated importance An activity is favored very strongly over another; its dominance 

demonstrated in practice 

8 Very, very strong 
 

9 Extreme importance The evidence favoring one activity over another is of the 

highest possible order of affirmation 

Reciprocals of 

above 

If activity I has one of the above non-zero 

numbers assigned to it when compared 

with activity j, then j has the reciprocal 

value when compared with i 

A reasonable assumption 

1.1-1.9 If the activities are very close May be difficult to assign the best value but when compared 

with other contrasting activities the size of the small numbers 

would not be too noticeable, yet they can still indicate the 

relative importance of the activities 

 

Given the method’s flexibility and qualitative nature, AHP was selected for use in this study, as comparing 

sustainability goals to cost goals requires some level of subjectivity.  However, while AHP is beneficial for 

obtaining an exact weighting system for the model’s elements, it lacks the ability to determine how well a 

given alternative achieves each goal.  This requires a method that can objectively assess goal attainment, 

which is where the multiple attribute utility theorem (MAUT) is applied in the model.  This paper will follow 

a similar application of MAUT as those from [10,12] where each alternative will be assessed for how well it 

can meet the goals of each element in the AHP hierarchy.  To determine how well an alternative meets an 

element’s goals, the decision-maker will produce an upper bound value UH and lower bound value UL for 

each model element. These two user-defined values provide a best-case scenario (UH) and worst-case 

scenario (UL) for how well an alternative meets the objectives of an element.  For example, if a consumer is 

looking to purchase a fuel-efficient vehicle then the UH and UL values provide the highest and lowest 

expected fuel efficiency values that the consumer could expect to encounter, respectively.  UH represents a 

highly desirable outcome and gives a utility value of 1.0, while UL depicts an undesirable outcome and 

provides a utility value of 0.0.  In the instance where any values exceeding UH or below UL are encountered, 
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they will be assigned the utility values of 1.0 and 0.0, respectively.  Any value (xi) between the UH and UL will 

be assigned a value between 0.0 and 1.0 based on an assumed linear relationship between the two points, 

as shown in Equation 1.  This ‘risk neutral’ behavior, along with other theoretical non-linear risk seeking 

behaviors are visualized in Figure 1 [10,12]. 

𝑢𝑦𝑖 = 
(𝑥𝑖−𝑈𝐿)

(𝑈𝐻−𝑈𝐿)
  

  (1) 

 

 

Fig. 1. Example Utility Curves [10]. 

Each alternative will have every element’s utility determined, thus providing the model with an 

understanding of how well the alternative meets the goals of each subcriteria.  When combined with the 

AHP weighting system, the model can assess the overall utility of each alternative.  Once performed for 

every alternative, the one with the highest overall utility will be the superior option, at least based on the 

parameter input and the decision-maker’s own subjective analysis. 

3. Methodology 

Four potential vacant, low-rise office building sites across the state of Florida, in the United States, were 

assessed for their ability to meet a set of author-defined financial and sustainability goals.  Project goals 

are defined in Table 2 based on their position on the AHP hierarchy as either criteria or subcriteria.  Certain 

environmental goals (i.e., Transportation Access, Brownfield, HUD/Enterprise/Empowerment Zone, FAR, 

and Diverse Uses) are based on LEED credit requirements, so the project goals will align to the LEED code 

requirements. 

Environmental data from the Florida Geographic Data Library, the National Renewal Energy Laboratory, 

and SolarGIS were checked to ensure a consistent datum (GCS_WGS_1984) and avoid any x-y positioning 

errors.  A new feature class was created for the four office buildings and a basemap was added to the file 

to assist with their placement.  The office building layer extracted data from the environmental sources 

either via manual entry (for vector files) or using the ‘Extract Values to Points’ (for raster files).  Any GIS data 

where the only input was whether or not the building was located in a specific area (i.e., Brownfield, Public 

Transportation Access, HUD/Enterprise/Empowerment Zone) was recorded as a binary value, where ‘0’ 

represented a case where the building wasn’t located in a zone and ‘1’ indicated that the building was in a 

zone.  All other data simply extracted its information directly from where the point intersected the raster 

file.  Samples of the two project locations from Jacksonville and the project from Orlando are shown in 

Figure 2. 
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Some of the GIS analyses required the inclusions of a buffer zone to ensure consistency with LEED credit 

guidelines.  This was the case for the ‘Public Transportation’ layer, as it was buffered using a distance of 400 

meters to keep it in line with LEED’s ‘Access to Quality Transit’ requirements.  A similar 800-meter buffer 

was placed around each building to assess the surrounding land uses, as per the LEED ‘Surrounding Density 

and Diverse Uses’ credit, however the actual site assessment (i.e., determining the number of diverse 

facilities around the building site) was performed using a visual assessment via Google Maps. 

Table 2. Project Element Hierarchy and Data Sources. 

Goal/Project 

Parameter Hierarchy Level Associated Criteria Method obtained 

Cost/Location Criteria - - 

Renewable Energy Criteria - - 

Sustainable Site Criteria - - 

Purchase Cost Sub-Criteria Cost/Location Online Commercial Property Search (loopnet.com) 

Office Size (Area) Sub-Criteria Cost/Location Online Commercial Property Search (loopnet.com) 

Number of Parking 

Spaces 
Sub-Criteria Cost/Location Online Commercial Property Search (loopnet.com) 

Trip Time to Nearest 

Airport 
Sub-Criteria Cost/Location Online Commercial Property Search (loopnet.com) 

Global Horizontal 

Irradiance (Solar 

Potential) 

Sub-Criteria Renewable Energy 
SolarGIS:  https://solargis.com/maps-and-gis-

data/download/world 

Average Wind Speed 

(Wind Potential) 
Sub-Criteria Renewable Energy 

National Renewable Energy Laboratory:  

https://www.nrel.gov/gis/wind-resource-maps.html 

Public Transportation 

Access 
Sub-Criteria Sustainable Site 

Florida Geographic Data Library: Public Transit Routes in 

Florida - 2019 

Brownfield Sub-Criteria Sustainable Site 
Florida Geographic Data Library: Brownfield Areas in Florida 

- May 2021 

HUD, Enterprise, or 

Empowerment Zone 
Sub-Criteria Sustainable Site 

Florida Geographic Data Library: HUD, Empowerment 

Zones, and Enterprise Communities in Florida - 2016 

Number of Diverse 

Uses 
Sub-Criteria Sustainable Site *Visual Assessment from Google Maps 

Floor-to-Area Ratio 

(FAR) 
Sub-Criteria Sustainable Site Online Commercial Property Search (loopnet.com) 

 

  

Fig. 2. GIS Models for (a) Alternatives 1 and 4; (b) Alternative 2. 
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Fig. 3. Case Study Data. 

After extracting all GIS data from the vector and raster files, the information for all four alternatives was added to the Excel 

file.  Determining how well each alternative manages to achieve its criteria and subcriteria goals requires the development 

of utility curves for each subcriteria. As the risk behavior of the decision-maker is assumed to be ‘risk neutral’, the utility 

curve will simply consist of a linear line that spans between two boundary conditions (UL and UH).  These two conditions 

should be defined by the decision-maker and will provide a worst-case scenario and best-case scenario for each subcriteria.  

While scenarios may exceed the UH value or be lower than the UL value, their overall desirability/utility will not be any 

different than they were directly equivalent to the UH or UL.  Equation 1 is applied for any cases where the subcriteria value 

falls between the two boundary conditions (Table 3).  All subcriteria where the input is binary were exempted from this 

process. 

Table 3. Example MAUT Calculation for Alternative 2 Purchase Cost. 

Case Cost ($) Desirability/Utility 

UL 1500000 0 

UH 750000 1 

Alternative's 

Value 
899000 0.80 

 

After calculating each subcriterion’s utility, the model has completed the MAUT analysis and requires the 

development of the AHP pairwise comparisons.  Each level of the hierarchy needs to be independently 

assessed using Table 1 with the goal of ranking the elements and determining how much weight they add 

to the model (i.e., how important the model element to the project’s overall goals).  As this case study has 

identified three criteria (i.e., Cost/Location, Renewable Energy, and Sustainable Sites) and their associated 

subcriteria, four different pairwise matrices must be developed.  Each subcriteria matrix provides weights 

for each of its elements so as to define how important each subcriteria is to the overall criteria’s goals.  

Similarly, the criteria matrix provides weight values to define the relative importance of each criteria to the 

project’s overall utility.  An example of a questionnaire developed to produce the pairwise comparisons is 

provided in Figure 4. 

 

Fig. 4. Example Pairwise Comparison Questionnaire (partial) 

Prior to assessing model results, the pairwise comparisons must be assessed to ensure consistency in their 

assumptions (e.g., If parameter A is considered to be of equal importance to B and strongly more important 

Name City Area (sq ft) Parking Spaces Cost ($) FAR Airport Travel Time (min) Public Transportation Brownfield HUD_Ent_Emp Wind Speed (m/s) DIF (kWh/m2) Diverse Uses

Alternative A Jacksonville 10365 35 2750000 0.55 26 1 0 0 2.83 4.88 5

Alternative B Orlando 6478 15 899000 0.31 36 1 0 0 2.97 5.02 2

Alternative C Tallahassee 7817 22 899000 1.99 18 1 0 0 2.17 4.86 6

Alternative D Jacksonville 6412 40 681000 0.17 32 1 1 1 2.28 4.91 3

Pairwise Comparisons
Level 2 - Criteria Comparisons

Input Values in this column

For this project, I feel that achieving  Cost/Location goals are of _____ importance compared to achieving Renewable Energy goals: 3

For this project, I feel that achieving Cost/Location goals are of _____ importance compared to achieving Sustainable Site goals: 5

For this project, I feel that obtaining Renewable Energy goals are of _____ importance compared to achieving Sustainable Site goals: 3

Level 3 - Sub Criteria Comparisons

Cost/Location

Achieving a lower Purchase cost is of _____ importance compared to getting the right Office size (square footage) : 3

Achieving a lower Purchase cost is of _____ importance compared to Parking : 4

Achieving a lower Purchase cost is of _____ importance compared to minimizing Airport travel time : 7

Achieving  the right Office size (square footage) is of _____ importance compared to getting the right Parking : 2

Achieving  the right Office size (square footage) is of _____ importance compared to minimizing Airport travel time : 6

Achieving  the project's Parking goals is of _____ importance compared to minimizing Airport travel time : 3

Renewable Energy

Achieving a higher Global Horizontal Irradiance is of _____ importance compared to maximizing Average Wind Speed : 5
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than C, then it isn’t logically consistent to state that parameter B is of equal importance to C) by calculating 

their consistency ratio.  The process requires normalizing the columns in each matrix (i.e., dividing each cell 

value by the column summation), developing an nx1 eigenvector matrix (by averaging each row in the 

normalized matrix), multiplying the original pairwise comparison matrix by the eigenvector matrix to 

produce a transition matrix, and calculating the dominant eigenvalue (λmax).  The consistency ratio can be 

calculated using Equation 2 and the information from Figure 5.  If the calculated consistency ratio is less 

than 0.10, then the provided pairwise comparisons are said to be sufficiently consistent and they can be 

used for the analysis.  This procedure can be seen in greater detail in [3,4,10,12]. 

𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝑅𝑎𝑡𝑖𝑜 =
𝜆𝑚𝑎𝑥 − 𝑛

(𝑛−1) ∗ 𝑅𝐼
   (2) 

 

Fig. 5. Consistency Ratio Table [4]. 

The final calculation of an alternative’s overall utility (i.e., how desirable an alternative is to the decision-

maker) is a function of the summation of each individual subcriterion’s utility multiplied by the AHP-derived 

criterion/subcriterion weight factors.  Equation 3 provides the generalized formula for determining an 

alternative’s utility, where Ci and Si are, respectively, the appropriate criteria and subcriteria weight factors 

taken from their eigenvector matrices. 

𝑢(𝑦𝑖, 𝑦𝑖+1, … , 𝑦𝑛) = ∑ 𝐶𝑖𝑆𝑖 ∗ 𝑢𝑦𝑖
𝑖
𝑛    (3) 

 

4. Results & Discussion 

Calculating the utility values for each subcriterion and criterion, developing the pairwise comparison 

matrices, and calculating the utility value for each of the four alternatives produced the model output in 

Table 4.  The top three rows provide an assessment of how well the alternative manages to meet the 

individual criterion goals. The decision-maker should be of the mind that each alternative meets the 

project’s renewable energy goals, while also believing that the other two criteria are more mixed in their 

results.  The decision-maker should review the alternatives and their ability to meet each of the project’s 

criteria goals to identify any potential bias in the selection of possible alternatives or if the subcriteria 

boundary conditions require modification.  The fourth row provides the overall utility for the project, thus 

providing the decision-maker with a value that should express the desirability of the project when 

considering the goals of all three criteria.  Theoretically, the decision-maker can simply choose the 

alternative with the highest project utility value as this is the one that best aligns with their overall project 

goals and their tradeoffs.  Given the results provided in Table 4, Alternative 4 is the most desirable of the 

four options and is the one that should be pursued.  This conclusion may require addition analysis and 

introspection when there are one or more alternatives that have similar levels of attainment, as a small 

change to one of the original input parameters could change the output enough to cause a ranking change.  

To address this concern, the study performed a sensitivity analysis through the introduction of three 

additional scenarios where the AHP weight factors (obtained from the eigenvector matrices) were adjusted 

to see if a change in the weighting system may introduce a change in the alternative ranking. 

Table 4. Calculation of Criteria and Project Utility Values. 

Criteria Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Cost/Location 0.37 0.47 0.60 0.67 

Renewable Energy 0.81 0.94 0.72 0.78 

Sustainable Sites 0.57 0.37 0.71 0.62 

Project 0.51 0.58 0.64 0.70 

 

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49
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The three additional scenarios considered are as follows: 

• Increasing the weight of the Cost/Location criteria by 10% 

• Reducing the weight of the Cost/Location criteria by 10% 

• Changing the weight of the Sustainable Sites criteria to equal 25% 

 

Fig. 6. Project Utility Values with Sensitivity Analysis. 

The results from Figure 6 don’t identify any cases where the project utility from Alternatives 1, 2, or 3 

manage to surpass Alternative 4, though changing the Sustainable Sites criteria weight to 25% does manage 

to narrow the gap between Alternatives 3 and 4.  No changes in the alternative ranking means that the 

decision-maker should be more confident in their selection since the introduction of some level of 

controlled volatility to the weighting system didn’t produce a significant difference.  In a theoretical scenario 

where the ranking does fluctuate based on the sensitivity analysis, the decision-maker should consider 

which scenario(s) best align with their convictions but should also realize that the alternatives may be quasi-

interchangeable when considering their overall utility. 

5. Conclusions 

With the growing popularity of green building rating systems and continued push from government 

initiatives and regulations, decision-makers need a platform to conceptualize tradeoffs between project 

finance and sustainability goals.  This process for competing criteria is made more difficult when they aren’t 

directly comparable (e.g., costs versus LEED credits), thus requiring some method that can bridge the gap 

and allow for proper tradeoffs to occur.   

The goal of this study is to provide a basic AHP-MAUT decision-making approach framework that can 

provide a decision-maker with a model capable of taking their own preferences, multiple alternatives, and 

site/building parameters with the goal of identifying the most desirable alternative.  The study provides an 

example of the framework being used through the introduction of a case study involving four alternative 

office buildings and a set of cost/location, renewable energy, and sustainable site criteria and subcriteria.  

An example of the model set up, GIS mapping, steps used to calculate the alternative utility, an analysis of 

the case study output, and a discussion of the results from a sensitivity analysis provide an overview on 

how the framework can be used for decision-makers when considering similar project goals.  However, the 

main takeaway from the study is to provide a framework that can be adapted by decision-makers to meet 

the needs of their project.  Examples may include utilizing different project criteria (e.g., schedule or safety 

in place of renewal energy, obtaining LEED credits instead of sustainable sites), different subcriteria (e.g., 

property tax, project aesthetics, air pollution), and their own sensitivity analysis cases.  Since every project 

has its own unique considerations and goals, the framework should be flexible enough to accommodate 

for these changing situations while also being logically consistent (e.g., consistency ratio, risk behavior).   
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As the proposed AHP-MAUT decision-making approach incorporates subjective data, through the form of 

pairwise comparisons and boundary conditions, the output relies on the decision-maker to validate their 

own results.  The goal of the framework is to provide the decision-maker with a conclusion based on their 

own input and biases, which contrasts with more typical, objective decision-making approaches in 

construction (e.g., life cycle calculations).  The inclusion of a sensitivity analysis can provide some insurance 

to the decision-maker by providing a method to create controlled shifts in the model’s criteria weights with 

the goal of seeing if the alternative utilities shift enough to produce a change in the alternative rank.  This 

will not remove the subjectivity from the analysis, but it does protect against concerns that slight model 

input changes could significantly affect the overall conclusion. 

Future research can further investigate the inclusion of non-linear risk behaviors (i.e., risk aversion, risk 

seeking) in the MAUT calculations to potentially better map how changes in model parameters contribute 

to model utility.  While the proposed framework was used for decisions involving sustainable office building 

projects, it can be implemented for any projects where the decision-maker needs to perform tradeoffs 

between dissimilar, competing criteria.  
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