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ABSTRACT 

On October 5th 2009 an Executive Order was signed with a goal for all Federal 

Agencies to increase energy efficiency, reduce greenhouse gas emotions and 

conserve natural resources. The Federal Aviation Administration (FAA) along with 

many other agencies was not provided with any additional resources to achieve 

the Executive Order. The main objective was to convert 15% of occupied buildings 

5000 square feet or larger in the current building inventory into 

Green/Sustainable buildings. Because no additional money is provided to the FAA, 

the life cycle cost of the conversion needs to be evaluated in order to ensure the 

cost the conversion will be at zero positive financial impact. 
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1 Context 

1.1 Federal Aviation Administration 

The Federal Aviation Administration (FAA) is a part of the United Stated Department of 

Transportation (DOT). The FAA’s primary mission is “To provide safest, most efficient Aerospace 

System in the world” []. The FAA is in place to regulate and oversee all aspects of civilian and 

commercial aviation. In order to complete its primary mission it requires a lot of effort and 

resources. Taking a look at Table 1, we can see that In Fiscal Year 2011 (FY2011) the total 

budget for the FAA was just under 16 billion dollars. At this time, it employed 48,262 

employees, served over 730 million passengers, and coordinated 50.8 million arrivals and 

departures. [8]  

Table 1: FY2011 FAA Budget 

For Fiscal Year 2011 (FY2011)  

Total Budget $15.929Billion 

Total Employees 48,262 

Estimated Passengers Served 730.4 million 

Estimated Total Flights 50.8 million arrivals and departures 

 

The FAA’s many responsibilities can be summarized into 3 main categories: Air Traffic 

Organizations, Aviation Safety, and Administration Operations. Air Traffic Organizations 

employees are housed in buildings such as radar and control towers at airports. Aviation Safety 

and Administration Operations employees are housed in office buildings. Because of its large 

number of employees, the FAA occupies many real estate properties, as seen in Table 2. [13] 

Table 2: FAA Real Estate Holdings 

Total Real Estate  Number of Properties 

Structures 12,458 

Land 67,587 



Office Buildings 1774 

Owned 1037 

Leased 737 

 

Currently, the FAA owns over 81,000 buildings and structures. Of these 81,000 buildings, 737 

are 5000 square feet or greater and occupied. This means that in order to achieve the goal set 

by E.O. 13514, the FAA must convert 15% of these buildings into HPSB by the year 2015. These 

buildings consist of a mixture of GSA Leased, FAA owned, federally owned but FAA controlled, 

and direct leases [13]. The 15% mentioned in E.O.13514 is an overall goal. In order to achieve 

this goal, the FAA must consider buildings from each sector of use (GSA Leased, FAA owned, 

federally owned but FAA controlled, Direct Leases).  

1.2 Real-Estate Distributions 

The Real Estate properties occupied by the FAA are spread throughout three service areas 

across the United States (Western, Eastern, and Central). Furthermore, each service area is 

separated into 3 regions, as shown in Figure 1. 



 

Figure 1: FAA Regions 

The Western Service Area (WSA) is broken down into 3 regions, which are: Western Pacific 

Region (AWP), Northwest Mountain Region (ANM), and Alaska Region (AAL). AWP consists of 

the following states: Arizona (AZ), California (CA), Hawaii (HI), and Nevada (NV). Its territories 

span over the American Samoa, Guam, and Commonwealth of Northern Mariana Islands. ANM 

consists of the following states: Colorado (CO), Idaho (ID), Montana (MT), Oregon (OR), Utah 

(UT), Washington (WA), and Wyoming (WY). AAL consists only of Alaska (AK). Taking a look at 

Figure 2, we can see that in the Western Service Area, the FAA has 176 buildings that fall within 

the E.O.13514. Furthermore, taking a look at Figure 3 we can see how these 176 buildings are 

spread out through the three regions within the Western Service Area. 

The Central Service Area (CSA) is broken down into three regions, which are: Central Region 

(ACE), Southwest Region (ASW), and Great Lakes Region (AGL). ACE includes the following 

states: Iowa (IA), Kansas (KS), Missouri (MO), and Nebraska (NE). ASW includes the following 

states: Arkansas (AR), Louisiana (LA), New Mexico (NM), Oklahoma (OK), and Texas (TX). AGL 

includes the following states: Illinois (IL), Indiana (IN), Michigan (MI), Minnesota (MN), North 



Dakota (ND), Ohio (OH), South Dakota (SD), and Wisconsin (WI). Taking a look at Figure 2, we 

can see that in the Central Service Area, the FAA has 203 buildings that fall within the 

E.O.13514. Furthermore, taking a look at Figure 3 we can see how these 203 buildings are 

spread out through the three regions within the Central Service Area. 

The Eastern Service Area (ESA) is broken down into: Eastern Region (AEA), New England Region 

(ANE), and Southern Region (ASO). AEA consists of the following states: Delaware (DE), 

Maryland (MD), New Jersey (NJ), New York (NY), Pennsylvania (PA), Virginia (VA), Washington, 

D.C. (DC), and West Virginia (WV). ANE consists of the following states: Connecticut (CT), Maine 

(ME), Massachusetts (MA), New Hampshire (NH), Rhode Island (RI), and Vermont (VT). ASO 

consists of the following states: Alabama (AL), Florida (FL), Georgia (GA), Kentucky (KY), 

Mississippi (MS), North Carolina (NC), Puerto Rico (PR), South Carolina (SC), Tennessee (TN), 

and the Virgin Islands (VI). Taking a look at Figure 2, we can see that in the Eastern Service Area, 

the FAA has 253 buildings that fall within the E.O.13514. Furthermore, taking a look at Figure 3 

we can see how these 253 buildings are spread out through the three regions within the 

Eastern Service Area. 

 

Figure 2: FAA Buildings by Services Area 
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Figure 3: FAA Buildings by Region 

1.3 EO 13514 and HPSB 

Executive Order 13514 (E.O. 13514) was signed on October 5th, 2009 by President Barack 

Obama. E.O.13514 is also known as Federal Leadership in Environmental, Energy, and Economic 

Performance. It was created “in order to create a clean energy economy that will increase our 

Nation’s prosperity, promote energy security, protect the interests of taxpayers, and safeguard 

the health of our environment.” The E.O.13514 encourages the “Federal Government [to] lead 

by example” (Pres. Barack Obama, via E.O.13514). [3] 

One of the main points that Executive Order focuses on is that the all federal agencies must 

lead by example in increasing energy efficiency and reducing greenhouse gas emissions in order 

to conserve natural resources. The E.O. 13514 encourages 15% of all federal agency facilities 

that are 5000 square feet or greater, and occupied by personnel, to be converted into High 

Performance Sustainable Buildings (HPSB) by 2015, with 100% compliance by 2020 [3]. HPSB is 

a term that is described in the Guiding Principles of Federal Leadership in High Performance 

Sustainable Buildings [7]. The base guiding principle is a Memorandum of Understanding (MOU) 
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that was signed by 19 heads of government agencies. The major element of this MOU is for all 

agencies to create a strategy of implement planning, acquiring, designing, operating and 

maintaining HPSB. The major goal s and objectives of this MOU are for agencies to collaborate 

to establish a common set of guidelines to help: reduce total ownership cost of facilities; 

improve energy and water efficiency; provide a safe, healthy and productive building 

environment; and promote sustainable environmental stewardship. Agencies that signed the 

MOU include: Department of Energy (DOE), Office of Personnel and Management (OPM), 

Department of State (DoS), Environmental Protection Agency (EPA), Department of 

Transportation (DOT), National Aeronautics and Space Administration (NASA), Department of 

Defense (DOT) and others. [7]  



2 Gap Analysis 

2.1 Mandate vs. Actual 

Figure 4 shows the number of leases that mandate EO 13415 requires of the FAA each year 

until 100% compliance is achieved. The mandate requires that all 133 leases be compliant by 

2030, with an interim goal if 15 buildings by 2015. The FAA has no leases currently planned by 

2015 and has only two leases planned by 2028. Figure 4 is a current snapshot of the problem, 

but if the FAA continues to postpone compliance, following only the interim goals, or less, then 

the number of leases that must be renewed in the out years will spike. 

 

Figure 4: FAA Building Inventory Gap 

2.2 Budget Analysis 

Despite the increase in employees and the price of real estate, the FAA’s operational budget 

has been decreasing, as shown in Figure 5. The FAA must find a way to meet increased pay roll 

and real estate costs while complying with the mandate and maintaining a lean budget. 



 

Figure 5: Office of Regions and Center Operations (ARC) Budget 



3 Scope 
For this project, our team will only be dealing with FAA buildings that are leased and more 

specifically directly leased from a private lessor. To reach E.O.13514’s 15% goal, the FAA needs 

to convert 15 of the 125 currently direct leased buildings into HPSB. For direct leased buildings 

the FAA has adopted the Leadership In Energy and Environmental (LEED) standard. This 

standard was created by the United State Green Buildings Council (USGBC) in order to evaluate 

new and existing buildings. LEED awards certifications to buildings based on a point system as 

shown in Table 3 [11]. Credits are awarded based on 5 categories of improvement: Sustainable 

Site, Water Efficiency, Energy and Atmosphere, Materials and Resources, and Indoor 

Environmental Quality. The score of these 5 categories add up to 100. The last 2 categories of 

improvement provide extra/bonus points [11]; they are innovation in operation, and regional 

priority. These points are added to give a building an overall score which can place it in 1 of 4 

categories: Basic, Silver, Gold and Platinum (shown in Table 4). With a score between 40 and 

49, a building can be awarded a LEED Basic Certification. With a score between 50 and 59, a 

building can be awarded a LEED Silver Certification. With a score between 60 and 79, a building 

can be awarded a LEED Gold Certification. With a score of 80 or better a building can be 

awarded a LEED Platinum Certification [11]. The FAA has identified that they are only 

considering LEED Silver, Gold, and Platinum certifications to meet the E.O13514. 

Table 3: LEED Point Scale 

Prerequisites and Credits Possible points 

Sustainable Site 26 

Water Efficiency 14 

Energy and Atmosphere  35 

Materials and Resources 10 

Indoor Environmental 
quality 

15 

Innovation in operation  6 

Regional priority  4 



 

Table 4: LEED Award Scale 

Award Scale 

Certified 40-49 

Silver 50-59 

Gold 60-79 

Platinum 80+ 



4 Stakeholder Analysis  

4.1 Oversight Group 

 

The oversight group established the requirement. The White House decided that they wanted 

to have sustainable buildings. So, the White House wanted government to take the lead not the 

private sector. Therefore, Congress agreed on this with the White House. The other reason for 

doing this was to conserve on energy and be environmentally friendly.  

Basically, Congress, White House, and Office of Management and Budget establish the 

requirement and came up with what needs to be done and they looked over to DOE and EPA to 

set the standards. The senior sustainability officer must report to the CEQ. The reason DOE and 

EPA was given this mission because their primary goal is to be green, protect the environment, 

and use our resources efficiently.  



4.2 Implementers 

 

DOT has an addition to existing resources; they have a primary transportation mission. DOT and 

FAA are responsible for implementation. They come up with an executable plan on how they 

are going to achieve this goal.  

DOT establishes a reporting requirement, which they have to take back to the White House. 

And OMB/DOE guidance applies to all the government agencies. So what APL basically does is 

that they only focus on the FAA’s policy on how we are going to do this. Then AFN works with 

LSAM and RECOs to identify direct leases.  

Furthermore, lessors are in it for business because they want to make money and be 

environmentally friendly. Lessors need to meet the LEED requirements that are set by the U.S. 

GBC. FAA employees want good working conditions.  

U.S. Green building council, the council is made up of Architects, Financial background, 

Education representatives (to educate people about LEED), and Technical backgrounds. USGBC 



are the ones who issue LEED certification for the building. In order to make the building green, 

FAA needs to go through the USGBC to get the right certification to satisfy E.O.13514. 

4.3 Taxpayers and Manufacturers 

 

Taxpayers want to make sure that their tax dollars are being used wisely. A lot of taxpayers 

want to save the environment for their families. They want clean water, clean energy, etc. 

Taxpayers in some cases will agree with congress, the people who are environmentalist and 

other taxpayers have other issues that they have concerns about such as Healthcare, economy, 

etc. 

Some manufacturers would support green requirement for financial and environmental 

reasons. These manufacturers observe the current sustainability process to see what the future 

outcome.  



4.4 Stakeholders Tension 

 

Group (Tension 1 & 2): They set the requirement. The Congress and the White house have 

tension because they are accountable back to the taxpayers on how they spend their money. 

This group set the standards. They get the executive order and they have to figure out how to 

interpret it. OMB assigned DOE to set the requirements to have high performance sustainable 

buildings. So, the first time DOE does this, it may not be right. Therefore, there is some 

communication back and forth between DOE and OMB. And the USGBC imposes tension on all 

Government Agencies because of the E.O.13514. 



Group 3 (tension 3): This group does the implantation. FAA’s primary mission is Safety and 

Aviation. On top of that, they have additional requirement, which is sustainability. But, they 

have limited funds, time constraints, and limited resources. DOT implements what has been 

given to them and they have to figure out how all of this is related to DOT.  

Lessor (Tension 4) – Sometimes the Lexssor do not have money either. But since they have to 

abide by the federal requirement, it leaves them with no choice not to get their building 

certified.  

FAA Employees (Tension 5) – The employees do not want to move or do not like the idea of 

relocation. They like their space and would like to stay there. They want good working 

condition and a comfortable environment.  

Manufacturers (Tension 6) – In some cases they see this change as a positive but in other cases 

they do not want regulation. They do not want to be told as to what to build and how to build 

it. The manufacturers that are building non-green products do not this regulation.  

Taxpayers (Tension 7) – We have a split tension for taxpayers. Some taxpayers are 

environmentalists and some are non-environmentalists. Taxpayers are accountable to Congress 

and the White House. And the White house is responsible to taxpayers because taxpayers want 

to know what is happening with their money. Some taxpayers do not agree with how they are 

spending their money on green initiatives and others do agree.  



4.5 Stakeholders Analysis 

 

1. White House came out with the executive order and the congress agreed with it. 

Therefore, there is communication between both of them. 

2. Congress wants to bring a new change and jobs for the people. But they are 

accountable to the taxpayers because taxpayers want to know where their 

money is being spent.  

3. DOT reports progress to OMB and OMB does clarification of guidance for DOT.  

4. DOT is connected with ISWG because it follows their guidance.  



5. Federal Aviation Administration and Department of Transportation communicate 

back and forth to report progress.  

6. DOE and EPA set energy standards.  

7. FEMP provides training and tools for DOE to educate about this requirement or 

to how it can be possible.  

8. U.S. GBC issue certification and communicate with EPA.  

9. FAA employees want comfortable and good working environment.  

10. Lessor needs to meet the requirements so there is a constant communication 

between U.S. GBC and the lessor.  

11. As of now, manufacturers are part of an independent group.  



5 Decision making factors and interactions in the building leasing 

process 

Cost of Existing 
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E.O.13514 is the driving force behind creating demand and reducing cost though economies of 

scale making green buildings affordable in the Federal marketplace. On the left, the current FAA 

buildings are aging and continue to cause an increase in energy consumption. This fact, along 

with increasing energy prices, adds to the cost of keeping these buildings in operation. So far, 

nothing is happening to increase the number of green buildings or renovate old buildings 

because green buildings are more expensive. The introduction of E.O.13514 incentivizes the 

production of green buildings by creating a demand for innovation. There are two alternatives, 

first is relocation to a green building, the second is to renovate the current buildings to a 

Leadership in Energy and Environmental Design (LEED) certified building. For purposes of this 

effort, the LEED silver certification buildings satisfies the HPSB requirement  



5.1 RECO Leasing Process 

Current RECO Space Acquisition Process
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Figure 6: RECO Leasing Process 

As Figure 6 shows, the Real Estate Contract Officers follow a process for the acquisition of real 

property assets. The types of assets include land, space, and utility services in support of land 

and space assets.  

The process is initiated by a tenant organization which has a lease that is due to expire. It is 

traditionally begun no later than eighteen months from the expiration date of the lease. It is 

normally begun through a written request for market information and a business case for the 

justification of the requirements. After the request is received, the tenant organization and the 

RECO work together to develop the requirements for the space. Requirements for the space 

include personnel space, data transmission requirements, security requirements, etc. There is 

usually a negotiation process as space policies have changed, i.e. gotten smaller, over the years 

and tenant organizations are unwilling to give up the space to which they have become 

accustomed. 

After the space requirements have been agreed upon, the process of finding a suitable building, 

which meets those space requirements, begins. The RECO will perform a market survey to 

assess what prices are fair and reasonable, and then will place an advertisement in the media 

that is most likely to yield the most results, most often in the local newspaper. This gives the 



opportunity for competition for the tenant organization’s contract. Potential lessors will then 

contact the RECO and make the best offer they will.  

The RECO will then evaluate each offer, select two to four that best meet the requirements of 

the tenant organization, and send the potential lessors an official solicitation for offer which 

contains the FAA’s initial offer. After the lessors respond to this offer, negotiations begin.  

Here is where the main bottleneck in the process lies. Sometimes negotiations can be 

turbulent. Lessors are not as willing to negotiate long term contracts as they have been in the 

past. One of the main reasons for this hesitation is the volatility of the real estate market in 

recent years. Another major reason is the economic downturn that has occurred in the last few 

years. Lessors, needing to keep these properties occupied in order to make any money, have 

been forced to charge lower than normal rent prices. Naturally, signing a long term lease would 

hamper their ability to raise the rent when the economy recovers. Since neither the RECO nor 

the lessor may see eye to eye on either of these, and other issues, the contract negotiations can 

last from a few weeks to up to a year or more. Since the interim target set by E.O. 13514 is 15% 

green buildings by FY 2015, this does not lend itself well to lengthy negotiations. 

Similarly, in order to perform the full lifecycle cost analysis of a green building, RECOs must 

commit more time and resources to a full analysis. Currently, their focus is not on the entire 

lifecycle cost vs. benefits, only the obvious costs per square foot upfront. The efforts of this 

team are focused on helping the RECOs have access to analyses for buildings that cover the 

costs AND benefits of making a building comply with the targets of E.O. 13514. 

After negotiations have concluded and both parties agree to the terms of the lease, the RECO is 

then responsible for choosing the contract that best fits the both the building requirements of 

the tenant organization, and the financial needs of the FAA. He then officially awards the 

contract to the winning lessor. After award of the contract, the RECO continues to have follow 

on involvement throughout the length of the lease on things like lease enforcement and 

building issues as reported by the tenant organization.  



5.2 Problem Statement  

Executive Order 13514 sets an interim objective stating that 15% of each agency’s buildings 

(>5000 sq. ft.) must be HPSB’s by 2015, with annual progress toward 100% thereafter. In order 

to reach the objectives stated in E.O. 13514, the FAA has begun the identification process for 

conversion of its owned properties, GSA leased, federally owned and FAA controlled buildings. 

As of 2012, the FAA has <1% of their direct lease buildings identified for conversion. There is no 

additional funding available to complete the analysis necessary to determine what actions the 

FAA should take in identifying which direct lease buildings would be the most beneficial to 

convert to HPSB. Currently, RECO analyses are focused upon obvious, upfront rent cost and not 

on lifecycle costs vs. benefits. Based on feedback from FAA Logistics Management, if the 

current path is maintained; the FAA will not meet the Executive Order’s objective of 15% 

compliant by 2015. 

5.3 Need Statement 

The FAA needs a system that analyzes lifecycle costs and benefits of candidate buildings and 

suggests a course of action that will assist in the identification of 15 direct leases that can be 

made green to comply with E.O. 13514’s target of 15% green inventory by FY 2015. There are 

many stakeholders involved with this problem and each has their own objectives which creates 

some tensions. To satisfy the tension that exists between the oversight group of stakeholders 

and those tasked with implementation of new policies, this system should be able to allow a 

“win-win” solution for the FAA to meet the target set by E.O. 13514 and the financial goal of 

net-zero lifecycle cost. The system should also be able to allow for the minimization of impact 

to the employees that may be affected by any resultant action. 

5.4 Mission Requirements 

We have determined the mission requirements through discussions with our stakeholders. 

They are as follows: 

 The system shall analyze the costs and benefits for each alternative for each 

building taking into account the entire length of the lease, energy savings, and 

utility gained. 



 The system shall rank most cost effective buildings and which alternative is best 

in descending order beginning the most cost effective and ending with the least. 

 The system shall predict time to breakeven within 95% confidence interval 

 The system shall calculate total life-cycle savings within 95% confidence interval 



6 Design Alternatives 
Three alternatives will be considered for each building that the system analyzes: Status Quo, 

Renovation, and Relocation. 

In the Status Quo, no changes are made and the lease is renewed as usual. The benefits of this 

option are that the cost remains low and there is no impact to employees. However, this option 

has no effect on the efficiency of the building and it does not contribute to the accomplishment 

of the goals set by E.O. 13514.  

Second, renovate the building, in which the RECO negotiates that the lessor will add provisions 

to the current building that will allow for LEED Silver certification or better. Lessors will most 

likely try to offset the costs of those conversions by raising the rent a significant amount. This 

option contributes to the accomplishment of E.O. 13514’s goal, but has higher upfront rent 

costs. Since there are savings in energy throughout the lifecycle of the building, those costs 

maybe offset over the length of the lease. There is an added benefit of job satisfaction for 

employees in working in a renovated, green building. 

Third is relocation to a building to a building that already holds a LEED Silver certification. This 

option has the potential to be the most energy efficient and thus, the largest amount of energy 

savings. However, this option entails a relocation cost that can be quite expensive and 

therefore contributes significantly to initial costs. Additionally, there are many impacts to 

employees that must be considered. Some of those impacts include, accessibility to public 

transportation, and change in commute. A major benefit for those employees is increased 

productivity and job satisfaction from working in a new building. 

An alternative that was to be considered included would have incorporated hoteling and 

teleworking options. This would have allowed space to be consolidated. Less space equals 

lower rent and lower energy demand. The FAA agrees with the benefits of these techniques, 

and incorporates a limited policy of teleworking for some of its employees. There is no policy at 

the FAA currently to outline what the policies for widespread incorporation of these options as 

to what percentage would allow for the consolidation of space. Limited data has been found to 



demonstrate what the effect of these practices would have on a company’s bottom line, and 

thus, this alternative is not being considered at this time. 



7 System Model 
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Figure 7 Input-Output Diagram 

The total system can be represented by this input output diagram shown in figure 7. Raw inputs 

to the systems are: 

 Real Estate Management System- REMS. This is a snapshot of the leasing 

inventory of the FAA, snapshot was taken 2012 October. This data includes 

information on each building like: size, length of lease, capital cost number of 

employees and much more. 

 Energy Information Administration-EIA- This source was used to get Electricity, 

Natural Gas and Water price projections 

 Commercial Building Energy Consumptions-CBEC. Because FAA does not track 

current building consumption data, this is why CBEC was used in order to obtain 

surrogate data for utility 

 General Service Administration GSA- This was used to determine the increased 

Rent that the lessor will charge the FAA due to the renovation he will perform on 

his building 

The output of this diagram is a Net zero Ranking of the top 15 buildings. 



8 Method of Analysis 

 

Figure 8: Analysis Method 

8.1 Phase I 

Phase I is the Data and Cost Analysis. This is the first part of the project. In this part the team 

researched and compiled all the possible data that will be needed to complete Phase II and 

Phase III. All the inputs described in fig.7 were used to create a Microsoft Excel database of all 

125 leased buildings equaling to about 1600 cells of data. A small sample of this data can be 

seen in Figure. 9 Sample Data 

 

Figure 9: Sample Data 

8.2 Phase II 

Phase II is the Deterministic Life Cycle Cost Lease Analysis LCCLA. In this phase data that has 

been analyzed and complied from Phase I is used to calculate the Life Cycle Cost of each 
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building and its alternatives: Renovate, and Relocate. The total system equation, shown in 

Equation 1, is a summation of four components: Electricity, Natural Gas, Water, and Rent. 

Equation 1: Total LCCLA 

 

Variables 

 N =Length of Lease 

 d =Discount Rate: used to adjust cash flow to present value, derive values from Price 

Index Tables found in OMB Cir. A-94 

 CElec = Annual Electricity Cost 

 CNG = Annual Natural Gas Cost 

 CWater = Annual Water/Disposal Cost  

 CRent = Annual Rent Cost 

8.2.1 Price Index Tables 

Price index tables provide discount rates for LCCLA. These rates are adjusted for energy 

forecasts, census region, and divided by end-user and fuel type. Rows are listed by study length 

or the year of the lease. [2] 

The four census regions divide the nation into: West, Midwest, South, and Northeast 

The three end-user types are: Residential, Commercial, and Industrial.  

Fuel Type: Electricity, Distillate Oil, Residual Oil, Natural Gas, Coal 

This project will use indexes for leases in all census regions, which are commercial end-users, 

using electricity, and natural gas.  

A sample of this data can be seen in Figure 10: Sample Census Data 
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N

å +
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å +
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Figure 10: Sample Census Data 

8.3 Phase III 

Phase III is adding a stochastic component to the Deterministic LCCLA calculation from Phase II. 

In Phase I, EIA provided us with energy projections, and GSA provided us with % rent increase 

for the rent component. However, projections are unreliable and are never perfect. Thus, the 

team used Historical Data fitted to distributions in order to vary these parameters. To do this 

the team used Excel Plug in Crystal Ball. A sample of this information can be shown in Figure 11: 

Sample Historical Data 

 

Figure 11: Sample Historical Data 

8.4 Design of Experiment (DOE) 

8.4.1 Model Assumptions 

 Square footage remains the same 

 Number of employees remains the same 

 HPSB is available in the market area 

 Relocation: will remain in the same market  

 Renovation: Lessor agrees to pay/perform necessary work 

 Partial service lease: Includes M&R costs 



 Utility costs are separate from rent 

Table 5: Sample DOE 

 

8.5 Value Hierarchy  

Utility
 

Efficiency
0.315

Employee Satisfaction
0.307

Addition to Compliant 
Inventory

0.378

Natural Gas reduction
0.293

Water Usage reduction
0.328

Electricity Reduction
0.379

 

Figure 12 Value Hierarchy  

 

In addition to monetary considerations, the utility of different attributes must be added to the 

function to give value to non-monetary considerations. A survey was sent to twenty 

stakeholders to assess the preferences for these non-monetary values. The survey contained 

ten questions that asked the respondents to answer on a scale from one to ten, ten being the 

best, about several attributes of what they valued in a new building. Those ten questions were 

phrased to ask about three main attributes; E.O. 13514 compliance, efficiency, and employee 



satisfaction in different ways to eliminate any phrasing bias that may exist. The efficiency 

attribute was further decomposed into three sub-categories; electricity consumption, natural 

gas consumption, and water consumption. The results of the survey were then normalized and 

used to determine the weights for each attribute. The results of this process are illustrated in 

Figure 12 Value Hierarchy. These attributes were measured by normalizing each one linearly on 

a scale of 0 to 1 using the following equation, with Difference = the difference in consumption 

given by the Phase II results, worst = lowest ranked attribute score, and best = highest ranked 

attribute score 

WorstBest

WorstDifference
Va lue

-

-
 

The utility was then calculated for each alternative for every building. The highest utility scores 

revealed that larger buildings yielded the most utility since the larger energy profile allowed for 

greater savings in energy. However, large buildings have much higher renovation/relocation 

costs associated with them. Due to the limited resources of FAA, the team was asked by the 

manager of FAA’s High Performance Sustainable Building program to rank the buildings 

according to the lifecycle costs and not according to utility score. 

 



8.6 Phase II Results 

 

Figure 13: Current vs. LCCLA 

 

Figure 14: Current FAA Analysis vs. LCC Analysis for 2 Buildings 



Phase II Results. The deterministic results shown in Figure 13: Current vs. LCCLA show a 

complicated bar graph. Figure 14: Current FAA Analysis vs. LCC Analysis for 2 Buildings shows a 

closer look at two specific buildings. Shown in blue is the current method of evaluating leases 

by the FAA. Simply taking the cost of rent and multiplying it by the lease term. The next bars 

shown in purple is the status quo alternative, followed by orange which represents renovate 

and light blue which represents Relocate. Status Quo, Renovate and Relocate are calculated 

using LCCLA. The graph shows that due to energy savings over the term of the lease, the actual 

out of pocked cost for specific buildings is much different than what is calculated using the 

current FAA method. Current and Status Quo are exactly the same building but Current options 

does not take into consideration the energy savings over the length of the lease.  

8.7 Phase III Results 

Phase III Results can be screen in Figure 15: Phase III Results.

 

Figure 15: Phase III Results 

Taking a closer look at two specific building examples both are approximately 15000 sq. ft. and 

have a 10 year lease contract. Building 1 is located in Pennsylvania, which is considered to have 

high energy unit cost. This building has approximately 40 employees and probability of breaking 



even is about 76%, as shown in Figure 16: Status Quo vs. Renovate Breakeven Probability for 

BA92. 

 

Figure 16: Status Quo vs. Renovate Breakeven Probability for BA92 

Buildings 2 shown in Figure 17: Status Quo vs. Renovate Breakeven Probability for BA90 is 

similar size located in New Jersey but has almost twice as many employees, 75 to be exact. 

Because this buildings is located in a Low Energy Unit cost area, its probability of breaking even 

is only 55%. 



 

Figure 17: Status Quo vs. Renovate Breakeven Probability for BA90 

Another factor that is important to look at when evaluating leases is the upper and lower 

bounds of how much money could possibly need to be devoted to the specific buildings. Using a 

Confidence interval of 95 %, Building 1 results are shown in Figure 18 Status Quo vs. Renovate 

Upper and Lower Breakeven Bounds for BA92. Over the life time of the lease, which is ten 

years, the this specific building can cost up to $153,000 however the potential savings in those 

10 years can be up to $323,000. 



 

Figure 18 Status Quo vs. Renovate Upper and Lower Breakeven Bounds for BA92 

8.8 Ranked Results 

After doing this analysis for all 125 buildings in the FAA inventory, the final ranking can be shown at 

Figure 19: Ranked Results. 

 

Figure 19: Ranked Results 

Note that this ranking does not take into considerations the value hierarchy, which was 

required to be generated for this project. Ranking buildings using this utility analysis showed 

that larger buildings would be the best candidates due to bigger reduction in energy 

consumption. However, due to the FAA’s limited resources, the team was asked to ranked 

buildings by E.O. compliance and cost effectiveness. 



8.9 Cost vs Utility 

Having surveyed stakeholders and potential users of this analysis, the team was able to use 

swing weights and create the following graph showing the three different alternatives and their 

Cost vs. Utility. 

 

Figure 20: Utility vs. Costs of Top 15 Buildings 

8.10 Recommendations 

8.10.1 Target Smaller Buildings 

All but one of the buildings Figure 19: Ranked Results is less than 12,500 square feet. This is a 

result of the lower cost of renovation of smaller buildings. 

8.10.2 Capital Expenses Driving Force 

Rent is the largest contributor to costs. As rent does not change throughout the term of the 

lease, it has little potential to contribute to savings. In a green building, the savings are not in 

rent. The savings are only in energy and water efficiency. The greatest savings potential lies in 

areas where energy costs are highest. Therefore, the most cost effective buildings to target are 

ones in areas with low capital rent costs and high energy prices. 



8.10.3 Partial Service Leases 

The analysis also reveals that full service leases do not allow the FAA to reap the benefits of the 

green technology. Since the responsibility of paying utilities falls to the lessor, the lessor is in a 

position to charge a premium rent to cover the stochastic energy costs. If those costs are 

actually less than what was negotiated, the lessor can pocket the difference. Partial service 

leases give finer control over money for utility bills.  

8.10.4 Behavior Adjustment Through Feedback 

This method of leasing also has the capability of giving immediate feedback as to the 

performance of the efficiency of the building. If a full service lease cannot be avoided, the RECO 

should negotiate for a lower rent because the lessor will be receiving the benefits of the 

building’s efficiency. 
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10 Building Life-Cycle Cost (BLCC) 
The Building Life-Cycle Cost (BLCC) Program was developed by The National Institute of 

Standards and Technology (NIST) to provide computational support for the analysis of capital 

investments in buildings. BLCC is compliant with this project’s OMB Analysis methodology. This 

project configured this tool to compare each design alternatives, although this program uses 

price indexes, instead of stochastic variables to forecast energy cost. This requires constant 

updating of these indexes to remain accurate. To improve this program to accurately calculate 

LCCLA these price index tables will be replaced with inflation trend rates. Further stochastic 

energy costs and stochastic rent escalation variables will be added as predictors of unit costs. 

 

Figure 21 BLCC Screenshot 

10.1 Stochastic Variables 

Energy Cost- Replace both LCCLA energy (Electricity and Natural Gas) components with Equation 2. 



Equation 2: Energy LCCLA 

 

Variables: 

 U = is energy used 

 C* = Stochastic Cost Variable 

Escalation Clause-Replace LCCLA rent component with Equation 3. 

Equation 3: Rent LCCLA 

 

Variables: 

 R = Annual rent 

 C* = Stochastic Escalation Rate Variable 

Rate Variable is based on: 

 Probability: 36.36% 

 Mean escalation rate: 3% 

 Sample size: 33 leases  

LCCLA =
U ×Ct

*

(1+ d)t
t=0

N
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LCCLA =
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11 Project Plan 

11.1 Work Breakdown Structure (WBS) 

Below is the work breakdowns structure for this project. The major parts of this project are: 

Management, Research, Data Analysis, Concept of Operation (CONOPS), Design Alternative, 

Requirements, and Simulations. Each major part is broken down into subparts. For example 

Management is broken down into 4 subparts which are: Assign tasks/deadlines, Schedule 

Group meeting, Contact Sponsors, Microsoft Project, and Project Plan. Figure 22 shows the 

entire breakdown of major parts and subparts of this project. 

 

Figure 22: WBS 

 

1. Management 
1. Assign tasks 
2. Assign deadlines 
3. Schedule Group meetings 
4. Contact Sponsors 
5. MS Project 
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WBS 

Management 

Assign 
tasks/deadlin

es 

Schedule 
Group 

meetings 

Contact 
Sponsors 

MS Project 

Project Plan 

Research 

Stakeholders 

E.O.13514 

FAA Strategic 
Plan 

FAA RECO 
Process 

Hierarchy 
within FAA 

Buildings 
Inventory 

REMS 

Energy/Natur
al Gas 

Data Analysis 

Trend data on 
Electricity 

Trend Data on 
Natural gas 

Cost per sq ft 
FAA buildings 

Trend data on 
inflation 

Distribution of 
RECO's and  

energy profile 
per sq.ft 

CONOPS 

Context 

Problem 
Statment 

Need 
Statment 

Tension 

Design 
Alternatives 

Two Tier 
Approach 

Renew 

Relocate to 
HPSB 

Documentatio
n 

Corrections/r
ework 

Deliverables 

Final Report 

Presentation 

Requirements 

Originating 

Functional 

Performance 

Derived 

Simulation 

Energy 
Trends 

Trade off 
analysis  

Financial 
Model ROI 

Validation 

Verification 

Conclusions 

Recomendatio
ns 



2. Research 
1. Stakeholders 
2. Executive Order 13514 
3. FAA Strategic Plan 
4. FAA RECO’s Process 
5. Hierarchy within FAA 
6. Buildings Inventory REMS 
7. Energy/Natural Gas DATA 
8. Cost associated with RECO’s 

3. Data Analysis 
1. Trend Data on Electricity/Price/use by 
2. Trend Data on Natural Gas/Price/use by 
3. Cost per square foot FAA buildings 
4. Trend Data on Inflation rate per year 
5. Distribution of RECO’s and buildings in Regions 
6. Energy Profile per square foot 

4. Concept of Operation 
1. Context 
2. Problem statement 
3. Need Statement 
4. Tensions 

5. Design of Alternatives 
1. Two Tier Approach 

i. Strategic Approach 
ii. Tactical Approach 

2. Renew 
i. LEED certified 

ii. Status quo 
3. Relocate to HPSB 

i. Equal size 
ii. Hoteling 

iii. Space efficient 
4. Prospectus – combine efforts within Government. 

6. Documentation 
1. Corrections / Rework 
2. Deliverables 
3. Final Report 
4. Presentation 
5. Competitions 
6. Poster 
7. IEEE Paper 

7. Requirements 
1. Originating requirements 
2. Functional Requirements  
3. Performance Requirements 
4. Derived Requirements 

8. Simulation 
1. Energy Trends 



2. (Trade off analysis)-Cost-Performance 
3. (Financial Model)-Return on Investment Design 
4. Validation 
5. Verification 
6. Conclusions 
7. Recommendations 

 

11.2 Budget 

The estimated total budget for this project is 160,659.58 Dollars. This estimation is based on 45 

dollars per hour per person. An overhead rate of 2.13 must be multiplied to this total because 

at George Mason University for every 1 dollar a researcher/faculty member charges their 

customer, 0.53 cents go to the university, leaving 0.47 for the researcher/faculty. The estimated 

hours worked each week are correlated with what stage of the project the group is at in this 

particular part. For example we see a very steep slope from week 9 to week 15. This is because 

the group is entering the simulation stage, which will require lots of time and resources. The 

Blue line represents the estimated budget based on estimated hours to be worked each week. 

The Red line represents the actual budget based on actual hours of work each week. This is 

shown in Figure 23. 



 

Figure 23: Budget 

11.3 Cost Performance Index(CPI) and Schedule Performance Index (SPI) 

The Cost Performance Index (CPI) and Schedule Performance Index (SPI) for this project are 

calculated weekly. As we can see in Figure 24 the team is able to stay close to a ratio of 1 for 

most of the weeks. This ratio shows if the team is ahead or behind in the schedule, and if the 

team is over or under the scheduled budget for the specific week.  
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Figure 24: CPI and SPI 

11.4 MS Project 

Figure 25 shows the teams Microsoft Project Plan. All tasks and sub tasks from the Work Break 

Down Structure are included. Highlighted in Red is shows the Critical Path for this project. In 

order for this project and all its deliverables to be completed on time, special attention must be 

given to the tasks that are in the Critical Path because a delay in the Critical Path will lead to a 

delay in the completion of the project. In this project the critical path is developing and running 

the Simulations.  
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Figure 25: Microsoft Project Project Plan 
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