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ABSTRACT 

 
As the largest energy consumer in the United States (U.S.) Department of Defense (DoD), the United 
States Air Force (USAF) needed a new approach to meet both federal guidance, target over-consumers, 
and curtail existing facility energy usage against rising energy costs. Research efforts provided merit for 
the wide ranging applications of whole building retrofitting techniques against single system upgrades 
via modeling software simulations. Investigations into facility energy efficiency classification 
methodologies revealed new suggestions to identify efficiency allowing officials to channel funds more 
accurately to the facilities most in need of renovation. 
 

INTRODUCTION 
 
The United States Air Force (USAF) was the largest energy consumer in 2010 in the U.S. Department of 
Defense (DoD) consuming 64 percent of total DoD energy expenditures. In terms of costs, a total of 
$1.06 billion dollars, 12 percent of consumption, was associated with existing facility operations [11]. 
Released reports documented categories of consumption below in Figure 1. 

 
Figure 1. Air Force Energy Consumption 

 
This figure coupled with new reduction mandates and rising energy costs forced the USAF to begin 
aggressively searching for new energy conservation measures. Although, the USAF made significant 
gains in the reduction of its facility energy intensity, by cutting it by 30 percent between 1985 and 2005, 
energy costs have competed with reduction gains to "outpace the rate of reduced consumption." Rising 
utilities costs grew between 2001 and 2007 by a total of 49 percent as an example. In response, the 
USAF needed a new approach to meet both federal guidance, target over-consumers, and slash existing 
facility energy usage. A new approach was also essential to ensuring the proper funneling of energy 
dollars into the right facilities at the right times. By developing a new classification methodology for 
facility efficiency and examining the whole building retrofitting techniques, researchers answered the 
question, "Should the USAF re-engineer its facility energy retrofitting program to maximize energy 
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savings at lowest cost through a new facility efficiency classification methodology and whole building 
retrofitting techniques?" 
 
Background 
 
Both federal and DoD guidance have forced USAF officials to increase their focus on facility energy 
efficiency [11]. Unfortunately, engineers cannot simply construct new facilities to replace aging 
structures. Most older facilities were built before the advent of energy efficiency codes, and mandates 
for new facilities requiring energy efficiency would do little to change the environmental impact of 
previously constructed facilities [9]. New facilities dominated only three to four percent of the USAF 
physical plant in 2010 [11]. According to the USAF Energy Plan, released in 2010, existing older 
facilities were the primary source of energy reduction potential as new construction was restricted by 
low facility recapitalization rates [11]. Current projections translated this figure into a total of more than 
58,047 facilities or a total of 537 million square feet as available for efficiency upgrades [2].   
 
The USAF made strides to increase the efficiency of facilities by releasing the “Air Force Sustainable 
Design and Development (SDD) Policy” in 2007 and its “Air Force SDD Implementing Guidance” in 
2011. However, it was crucial to remember where these documents focused their efforts. They provided 
additional challenges for engineers implementing policy on the installation level. Both documents 
addressed achieving Leadership in Energy and Environmental Design (LEED) Silver certification in 
new vertical construction projects and major renovations in existing facilities [3]. LEED facilities, 
focusing on a larger series of environmental goals, typically consume less than 25-30% of the energy of 
similar facilities on average [10]. The documents failed to provide a baseline for identifying 
underperforming facilities for LEED inspired renovations, and follow-on instructions on how to obtain 
mandated LEED energy points. Whole building techniques and a recommendation on a new 
methodology for identifying facility energy efficiency provided the best solutions to these issues. 
 
Considering industry research found that the energy use of existing facilities in the U.S. was attributed to 
40% of its energy use, it was true that facility energy was a major factor in the energy use of the country 
and the Air Force [6]. The last quarter century resulted in a 16% increase in energy intensity in U.S. 
commercial facilities. These facts supported the idea that the business case for energy efficiency retrofits 
and the need to identify poor energy performance have increased with time [9]. Fearing the 
implementation of new regulations to combat climate change, large property owners, such as the 
Department of Defense (DOD), have also recently considered the idea that it might be more cost 
effective to retrofit before all property owners prepare to meet standards [12]. Enduring research, 
pushing retrofits, has further established that property owners faced less risk in terms of exposure to 
changing utility costs while preserving savings for other endeavors. Other studies have indicated that 
"greening" efficiency efforts can enable 8-9% reductions in overall facility operating costs, and benefits 
can be extrapolated to $50 to $70 per square foot of facility space [4]. The benefits of a concentration in 
facility efficiency upgrades were seen as obvious. 
 
Whole building retrofits involved upgrades to the energy systems of an entire facility, rather than a focus 
on any single one. This retrofitting approach offered an ideal way maximize energy savings on current 
facilities. It also provided better guidance to personnel and met guidelines set forth by US law. With 
research indicating most office buildings contain a potential for at least 20%-30% in cost-effective 
energy savings projects, the potential existed to realize expanded savings with these techniques in USAF 
facilities which promise 20% to 50% in reduction potential [5]. However, researchers asked whether 
energy facility modeling software could prove itself in developing the right combination of energy 
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efficiency upgrades to maximize savings from these techniques in a cost effective way. Confirming the 
application of facility energy usage modeling to document these savings, several industry simulations 
also documented an average of 20% savings when developing the right combination of energy efficiency 
conservation measures (ECMs) for certain facility types [7]. These facts documented the reasoning for 
concentrating on existing facilities, using whole building techniques, and employing energy modeling 
software to explore potential savings. 
 
Lastly, in examining the procedure by which the Air Force classifies a facility’s energy efficiency to 
benchmark it against other facilities, the question existed whether the process currently employed within 
the USAF to classify the efficiency of facilities was correct. If not, suggestions were needed to identify 
other alternatives. Additional answers were needed to determine if energy efficiency terms could easily 
be applied to assist the Air Force in properly channeling funds to meet organizational goals. Exploration 
into the process of facility energy efficiency identification would empower engineering personnel to 
concentrate their efforts in crucial areas of existing facility inventories. By ensuring officials employed 
the best approach to identify energy efficiency, researchers helped leaders use the best metrics to make 
their decisions.  
 
Problem Statement 

 
The objective of this research effort was to support re-structuring the USAF facility retrofitting program 
through whole building retrofitting techniques and a new term to categorize a facility energy efficiency. 
By establishing the benefits of these approaches, research bolstered the idea that a whole asset-centric 
focus far surpassed single system efficiency upgrades.  Researchers also found the maximum level of 
accuracy for facility models in their calibration of baseline facility models for current operations.  
 
The following list was a series of specific research and investigative questions used to guide this 
research effort: 
 
1) What current guidelines, mandates, and goals do Energy Managers (EMs) and Resource Efficiency   
    Managers (REMs) operate under to pursue facility energy savings? 
 
2) What are whole buildings retrofit techniques and how do they compare to current USAF retrofitting   
     methodologies? 

 
3) What is the best term-backed program to identify a facility’s energy efficiency? 
 
4) How accurate can facility energy models be made? 
 
Research question one defined the primary historical background on the problem of investigation 
seeking to expose the major legislation, guidelines, and goals of federal energy programs. Most USAF 
public works officials grapple with creating and completing facility energy projects. Question two was 
intended to address the overall benefits of whole building techniques and prove their merit to existing 
operations.  Question three analyzed the best term-backed program to identify facility efficiency and its 
tangible benefits to channeling capital investment dollars. Lastly, question four, a by-product of the 
overall research, examined the maximum accuracy of energy models.  
 
 
Methodology 
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Research efforts were segmented to assist in answering the effort's main research questions. To analyze 
the effect of whole building retrofitting techniques, research utilized facility energy modeling software 
to provide a scientific foundation for any achieved facility energy savings. The process of determining a 
new classification methodology for facility efficiency was analyzed via a new decision making 
technique called a "Choosing By Advantages" analysis [8]. This technique avoided the typical problems 
associated with unsound methods. It involved decision makers comparing different alternative solutions 
by examining the advantages between alternatives rather than individual attributes. This methodology 
avoided the "double" counting associated with other approaches. This process allowed individuals to see 
the most positive outcomes from an alternative. Both of these methodologies were used in industry and 
the scientific community in similar research endeavors. 
 
Modeling efforts involved the application of eQuest, US Department of Energy (DOE) energy modeling 
software, to generate baseline and retrofitted facility models to provide the evidence of anticipated 
savings. Baseline models were revised through comparison to existing meter data provided by target 
installations. Afterwards, retrofitted facility models were developed via the guidance from a series of 
whole building retrofit techniques established in research and industry. By approaching models in this 
manner, efforts ensured maximum energy savings. The metrics of total annual electrical usage, annual 
natural gas usage, combined energy usage, project energy savings, upgrade project costs, return on 
investment, and payback period were employed in the analysis of energy. These metrics best illuminated 
the potential for savings, and helped measure accuracy of baseline models. Research evaluated existing 
computer aided design facility plans, project specifications, and meter data collected from target office 
type facilities on four different Air Force installations across the United States to generate models. 
Office-type facilities were selected to enhance the extrapolation of any future experimental results to a 
wider level. Target installations included facilities located on the following air force bases (AFBs): 
Davis-Monthan AFB (DMAFB), Ellsworth AFB (EAFB), Mountain Home AFB (MHAFB), and 
Wright-Patterson AFB (WPAFB). Installations were chosen as a result of recommendations from 
headquarter energy experts on  the basis of installations with the most accurate utility data. 
 
Targeted facilities selected for modeling were chosen through an in-depth examination of metered 
energy usage, structural names, and maps from all four locations. Meter data was analyzed for facilities 
in a period of no less than one year and reviewed to determine potential issues. A meter data issue 
identification scheme was required for this part of the analysis. In addition, on three of the four target 
installations, only facilities accounting for both total electrical and natural gas usage with fully 
functioning meters were included in the study. On the fourth base, WPAFB, only facilities meeting 
initial office type criteria were considered for study as their employment of centralized heat plant 
technology was not accounted for in utility meter readings. Estimations from heating factors per square 
foot of facility space were used to account for heating loads on WPAFB.  
 
To answer the question of what term best exists to encompass USAF facility energy efficiency, 
researchers investigated both how private industry and foreign governments establish facility efficiency. 
Participants then compared these methods to existing USAF approaches to measuring the factor. To this 
end, research compared the four leading industry efficiency benchmarking programs to include: the 
European Performance Buildings Directive (EPBD), Energy Performance Index (EPI), EnergyStar 
Portfolio program, and the ASHRAE Building Energy Quotient (BEQ) program. Although the initial 
portion of this effort was built upon an intense literature review, the actual comparison was executed via 
a "Choosing By Advantages" analysis. This alternative decision making technique served to prevent the 
omission of relevant facts, distortion of individual viewpoints, and double counting of advantages [8]. 
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Disclaimer 

 
The views expressed in this article are those of the authors and do not reflect official policy or position 
of the United States Air Force, Department of Defense, or the United States Government.   
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