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Abstract

A study was completed at the University of Wisconsin — Madison in 2010 that reviewed
the energy consumption of United States (US) Navy buildings that earned Leadership in Energy
and Environmental Design (LEED) certification by the United States Green Building Council
(USGBC). The research compared LEED certified buildings to a commercial counterpart within
the US Navy inventory against Executive Order (EO) 13423. The EO mandated that all federal
agencies meet a 30 percent reduction of electricity and water consumption. In 2008, the US
Navy chose to adopt LEED Silver certification as the minimum design standard for new
construction and major renovation project in order to meet the EO mandate. The results of the
2010 study indicated that LEED certification alone could not guarantee energy savings as
directed by EO 13423. This research expands on the previous study to analyze the construction
costs associated with LEED certification in US Navy owned buildings. The goal of this research
is to identify the costs associated with LEED construction to determine the economic feasibility
of LEED certification versus anticipated energy savings, if any. The objectives of the study are
met by comparing the building construction costs between the LEED certified and comparison
building, as well as, the calculation of a simple payback period for the US Navy LEED certified
buildings. The results indicate that although some of the building had satisfactory results, half
would not be considered economically feasible when looking at either the total cost of
construction or the costs associated with the LEED scoring category “Energy and Atmosphere”.
Furthermore, neither the level of LEED certification nor the amount of points earned in “Energy
and Atmosphere” correlate to successfully meeting EO 13423’s mandate to reduce electricity and

water consumption costs.
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Chapter 1: Introduction

The United Nations Environmental Program Sustainable Construction and Building
Initiative (UNEP-SBCI 2007) found that 80 percent of the energy consumed by a building during
its life-cycle occurs when the building is in actual use or what is typically referred to as the
maintenance and operation phase of the building. Additionally, commercial buildings consume
19 percent of all energy in the United States each year (Center for Sustainable Buildings, 2009).
As energy costs go up, there is an increasing emphasis on energy conservation through policies
and programs to promote sustainable design and construction. There are multiple guidelines
available for property owners to achieve sustainable building design, construction, and operation.
These options include the Green Building Initiative (GBI), Build It Green, and the National
Green Building Certification, but none are as recognized and accepted as the United States Green

Building Council’s (USGBC) Leadership in Energy and Environmental Design (LEED).

In 2007, Executive Order (EO) 13423 was issued calling for the adoption of the “Federal
Leadership in High Performance and Sustainable Buildings” with particular focus on reducing
the life-cycle costs associated with environmental and energy attributes of federal owned
building facilities by implementing the general guidelines of the Energy Policy Act (EPAct)
2005 (EO 13423 2007). The policy breaks down the requirements for existing and new buildings
owned and operated by federal agencies into eight distinct areas, three of which are applicable to
this research: (1) Improve energy efficiency and reduce greenhouse gas emissions; (2) Reduce
water consumption intensity for all federal agencies; and (3) Incorporate sustainable practices on
all new construction and 15 percent of existing facilities’ retrofits. The remaining five
requirements are also centered on the reduction of energy consumption, but discuss details such

as purchasing electronic equipment and transportation requirements (e.g., hybrid vehicles) (EO



13423 2007). The policy further provides guidance to all federal agencies to reduce the energy
cost budget by 30 percent for new construction projects as compared to the baseline performance
per the American Society of Heating, Refrigeration, and Air Conditioning Engineers, Inc.
(ASHRAE) and the Illuminating Engineering Society of North America (IESNA) Standard 90.1-
2004, and by at least 20 percent for major renovations as compared to the pre-renovation 2003

baseline (Mangasarian, 2010).

Prior to EO 13423, Naval Facilities Engineering Command (NAVFAC), the construction
agency of the United States Navy, initiated a policy to require LEED certification of all newly
constructed facilities (NAVFACINST 9830.1 2003). As a result of EO 13423, NAVFAC
amended the policy in 2008 to require LEED Silver certification on all new Military
Construction (MILCON) and major renovation projects in the US Navy and Marine Corps

building inventory.

The 2010 University of Wisconsin — Madison (UW) study compared the energy
consumption of US Navy LEED certified buildings and a commercial counterpart against EO
13423’s mandate to meet a 30 percent energy consumption reduction. Additionally, the study
compared the LEED certified buildings against the national average from the 2003 Commercial
Building Energy Consumption Survey (CBECS). The results of the research indicated that
LEED certification alone could not guarantee the 30 percent savings for electricity and water as
directed by EO 13423. Furthermore, the data showed that energy savings were not closely
related to the number of points received in the “Energy and Atmosphere” category of the LEED
certification process.

This research expands on the 2010 UW study identifying the construction costs

associated with LEED certification, determining the simple payback of those costs, and



evaluating the electricity and water consumptions costs to verify if EO 13423’s mandated 30
percent cost reductions were met. The results of the simple payback period analysis indicate that
although some of the buildings had satisfactory results, half would not be considered
economically feasible when looking at either the total cost of construction or the costs associated
with the LEED certification category “Energy and Atmosphere”. Furthermore, neither the level
of LEED certification nor the amount of points earned in “Energy and Atmosphere” correlate to

successfully meeting EO 13423’s mandate to reduce electricity and water consumption costs.



Chapter 2: Literature Review

2.1 — Leadership in Energy and Environmental Design (LEED) as Primary
Certification Process

Researchers have studied the motivations of public and private building owners in their
pursuit of green and sustainable building design initiatives. An example to illustrate this increase
in interest is the growth of the USGBC’s LEED certification process. The number of
certifications have grown tremendously since it was first developed in March 2000 with more
than 40,000 commercial and industrial projects either certified or in the certification process,
representing 7.9 billion square feet of construction space in 50 states and 117 countries (Christ
and Furness, 2011). Nelson et al. (2010) discussed multiple reasons why these building owners
and operators are utilizing these guidelines to develop eco-friendly (energy efficient and
sustainable) designs in their buildings. The primary factors they found include growing tenant
demand in order to lower operating costs associated with electricity, fuel, and water
consumption, higher employee productivity, investors seeking more socially conscious
investments, and reputational issues that have been forcing the real estate sector towards more

efficient building techniques.

In addition to these owner driven reasons, public policy has pushed building construction
towards sustainable and green design through stricter building codes and regulations. For
example, having recognized the advantages of green buildings, national governments and the
European Union (EU) have mandated higher efficiency standards for new construction and
renovations with the EU Energy Performance of Buildings Directive of 2002 (EPBD 2002).
EPBD 2010, the follow-up directive, is likely to make “near-zero” energy buildings mandatory

by 2021 (Nelson et al., 2010).



Fuerst and McAllister (2009) also researched the rational to pursue green and sustainable
building design. Their study discovered a rental premium and/or lower vacancy rates for
environmental and sustainable certified buildings. They also determined that investors were able
to receive higher net operating income due to increased demand from tenants, lower costs of
ownership primarily associated with energy and other utilities savings, as well as an element of
protection from future regulatory changes. In fact, their empirical analysis confirmed that there
is a rental premium (cost per square foot) of approximately five percent for LEED certification
and four percent for Energy Star, while sales found a premium (cost per square foot) of 25

percent for LEED-certified buildings and 26 percent for Energy Star.

There are numerous national and international approaches that landowners and building
operators are utilizing for environmental and sustainable design, construction and operation of
buildings, although the LEED program has become the industry standard in the United States.
An alternative to LEED include the International Federation of Consulting Engineers (FIDIC),
whose Project Sustainability Method (PSM) assists project engineers and other stakeholders in
setting sustainable development goals for their projects that are recognized and accepted, as
being in the interests of society as a whole (FIDIC 2005). Other efforts include those by the
Green Building Initiative (GBI), Build It Green, and the National Green Building Certification
(GBI 2009). The GBI approach to sustainability utilizes the Green Globes System, which is an
environmental design and management tool. Similar to LEED, which utilizes a commissioning
agent to assist with certification through the USGBC, Green Globes provides environmental
assessment through a third-party (GBI, 2009). In the residential sector, Build It Green promotes
resourceful energy conserving homes in California through sustainable building efforts. Another
certification, the National Green Building Certification, is similar to LEED with multiple levels

of certification (Gold, Silver, and Bronze) for residential homes (Built It Green 2010).



In 2009, Retzlaff reported in the Journal of Education and Research that some
jurisdictions in the United States have enacted green building policies and incentives that use a
building assessment system to rate their sustainability. She further offered several observations
about some of the problems with properly implementing LEED into public policies and
regulations. Her research reviewed LEED policies from fifty-six cities and counties through
questionnaires and telephone interviews. The results indicate that LEED has been used in green
building policies not for its substantive content, but because of administration preference,
convenience, or a lack of knowledge about other systems. The results also indicated that the
LEED system is not without its flaws, such as the certification cost, lack of flexibility in the
criteria, and general lack of knowledge by developers, planners, and others. She concluded that
planning departments must have a role in the green building policies and that public agencies
should look outside of the LEED system to other building assessment systems to learn the best

practices to fit their specific needs and requirements.

2.2 — Energy Performance of LEED for New Construction Buildings

A study by Fowler et. al. (2005) developed cost and performance metrics as part
of the data collection protocol to be used for basic information about a building’s comparative
performance with respect to sustainable design (Fowler et al. 2005). The study broke down the
metrics for each building to identify specific characteristics for sustainable design. These
metrics were chosen based on ease of collection, relevance of the information to sustainability,
and expected quality of the data and were determined by their relative associated benefits to
sustainability within the design of new construction. Examples provided by the study included
total building potable water use, storm water management, total building energy use (with
respect to electricity consumption), source energy use, maintenance (with respect to hazardous

chemicals distributed), and waste generation. Each aspect of these metrics was broken down to



its component parts to provide an understanding of building consumption as a whole. These
quantitative aspects of building operations were measured over a period of twelve months with
the majority of the data collected monthly and aggregated to provide annual values for
comparative analysis (Fowler et al. 2005). A list of the metrics used in the study can be seen

below in Figure 1.

Metric Required Optional

Indoor Potable Water
Water Total Building Water Use Outdoor Water Use
Total Storm Sewer Output

Source Energy

EGEE n

Energy Total Building Energy Use
Peak Electricity Demand
Maintenance & o . Grounds Maintenance
77 o . Building Maintenance Requests
o perations Churn Cost
PN
Waste Generation Solid Sanitary Waste Recycled Materials
S|
. Environmentally Preferable
Purchasing .
Purchasing

Occupant Turnover Rate

Occupant Health & Absenteeism
Productivity Building Occupant Satisfaction

Self-Rated Productivity

ud

4

5
&

Transportation Regular Commute

Figure 1 - Summary of Building Cost and Performance Metrics (Fowler et al. 2005)

Potable water consumption is a building utility cost second only to energy use, therefore
there is a direct monetary incentive to track and decrease water consumption. Total building
potable water use is the required metric because not only does it represent costs and resource use,

but it is also a local government issue in many places (Fowler et al. 2005).



n Water

Metric Collection Units

Required

Total Building Potable Water Use gal $
month month

Optional

Indoor Potable Water Use gal $
month month

Outdoor Water Use gal $
month month

Total Storm Sewer Output gal $
month month

Figure 2 - Water Metric (Fowler et al. 2005)

Figure 2 illustrates the metric building water use and includes all indoor and outdoor
water consumption, but does not include captured storm-water or reused gray water. Potable
water use cost can include costs assessed for sewage treatment as long as both buildings in a set
are measured the same way. Varying regional price structuring and metering may alter what data

are readily available via utility bills (Fowler et al. 2005).

Energy consumption and reduction is a widely studied category of building performance.
Total Building Energy Use is the required metric because it is typically the highest building cost
and has an environmental impact based on the energy sources used. The optional metrics, peak
electricity demand, and source energy are important as they provide increased detail on the

resource use and environmental impact analysis (Fowler et al. 2005). Figure 3 below illustrates

the collection units required in measuring the total building energy use.




Energy

Metric | Collection Units
Required
Total Building Energy Use KWhejivered $ Btu
month month month
Optional
Source Energy Wh kdco,
month KWh,,, e
Peak Electricity Demand kW

Figure 3 - Energy Use Metric (Fowler et al. 2005)

The purpose for Fowler et al. developing this protocol was so that measured data could be
communicated to key stakeholders. Their study made note that the U.S. Navy was using the
protocol to measure the performance on seven building sets (14 buildings). Each building set
included one sustainably designed building and a similar building on the same Navy site
designed in a more ‘typical’ fashion; i.e. without green certification as a design standard. In
addition to using the typically designed building for comparison, industry benchmarks and
existing Navy data were used when available. The protocol was also being considered for use on
other comparative analysis of Federal sustainably designed buildings (Fowler et. al., 2005).
However, there was no indication that this protocol was effective for these public buildings.
During the collection of data for this research, the authors noted that, initially, the largest
consideration for the US Navy’s implementation of sustainable design was cost. Personal
experience and interviews with Department of Defense contracting personnel indicates that the

US Navy still considers cost as a primary consideration.

Turner and Frankel (2008) performed a study to measure the post-occupancy energy
performance of the LEED buildings against (1) commercial counterparts, and (2) the

Commercial Building Energy Consumption Survey national averages (CBECS 2003). Their
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study incorporated all 552 LEED buildings certified through 2006. Of these, 121 participated and
were further reduced by Turner and Frankel to 100, eliminating those with excessively high-
energy consumption. Turner and Frankel used the Energy Use Index (EUI) measured in
kBtu/sf/yr, the Energy Star Rating, and actual measured performance versus modeled design

performance as the basis for comparison. Their results indicate that:

e The LEED buildings median EUI measured 69 kBtu/sf; 24% below (better than) the

CBECS national average for all commercial building stock (Figure 4).

Figure 4 - EUI (kBtu/sf) Distribution (Turner and Frankel 2008)

» The average Energy Star rating of LEED buildings was 68% better than similar
buildings. Half of LEED buildings had Energy Star ratings of at least 75, meeting the

qualification level for an EPA-certified Energy Star building (Figure 5).
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Figure 5 - Distribution of Energy Star Ratings (Turner and Frankel (2008)

* The measured performance in relation to modeling is shown in Figure 6. The scatter
diagram shows the design EUI versus the measured EUI for the 100 buildings within
they Turner and Frankel 2008 study. The measured energy saved equated to 28%, which

was close to the 25% predicted.

Figure 6 - Measured versus Design EUI's (Turner and Frankel 2008)

Turner and Frankel concluded that on average, LEED buildings delivered the anticipated

savings. Each of the three measures of building performance indicated average LEED energy
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use was 25-30 percent better than the national average, a level similar to that anticipated by
LEED modeling. Additionally, average savings increased for the higher LEED levels, with
Gold/Platinum buildings approaching the interim goal of the environmental advocacy group
Architecture 2030. As a corollary to the above finding, Turner and Frankel concluded that
although energy modeling is a good indicator of program-wide performance, individual project
modeling predictions vary widely from actual project performance outcomes. This variability
between predicted and measured performance has significant implications for the accuracy of
prospective life cycle cost evaluations for any given building. Better feedback to the design
community is needed to help calibrate energy-modeling results to actual performance outcomes.

(Turner and Frankel 2008).

A study performed by Torcellini et al. (2004) illustrates the difference between modeled
and actual performance. In the Torcellini et al. study they looked at six sustainable buildings in
the United States and peformed extensive monitoring of energy flows, including lighting loads,
HVAC loads and electrical loads, for a minimum of one year. The data was logged every 15
minutes and used to calibrate energy simulation models. Analysis showed that all buildings
performed worse than predicted, but all managed a substantial saving (either energy cost or
energy use) compared to a comparable building (Figure 7 below). The authors concluded that the
lower performance is mainly due to higher than expected occupant loads and systems not

performing together in an ideal fashion (Torcellini et al. 2004).
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Figure 7 - Summary of Building Energy Savings (Torcellini et al. 2004)

In 2009, Newsham et al. analyzed the same building data as Turner and Frankel (2008)
but provided results similar to Torcellini et al. (2004). Newsham et al. illustrated that the LEED
buildings used 18 to 39 percent less energy per floor than the conventional buildings compared
to the CBECS. However, when looking at energy consumption from a whole building
perspective, the same LEED buildings showed a 28 to 35 percent increase over the same period
of time. Another important finding of the Newsham et al. research was that the energy
consumption achieved in all of the 100 buildings had no correlation to the LEED certification
level. Newsham et al. concluded that at a societal level, green buildings can contribute
substantial energy savings, but further work needs to be done to define green building rating

schemes to ensure more consistent success at the individual building level.

2.3 — Energy Performance of LEED for US Navy Buildings

The US Navy, along with many other local, state, and federal governmental
organizations, chose LEED certification in order to achieve the requirements under Executive

Order (EO) 13423, and has been implementing design strategies to ensure that all new buildings
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achieve LEED Silver as a minimum level of certification. There has been a lack of research
related to assessing LEED certified buildings within the Department of Defense and, more
specifically, addressing the US Navy LEED certified building inventory. Mangasarian (2010)
performed a study to fill in this gap and his research assessed whether the performance metrics
set forth by the 2008 US Navy policy and EO 13423 were achieved, as well as to determine if the
US Navy LEED certified buildings achieved the required 30 percent reduction in energy
consumption. Mangasarian first identified the US Navy’s LEED certified buildings then pulled a
comparable building from the Navy’s inventory based upon location, size in square feet, and
comparable function. He then compared these buildings electrical and water consumption
directly and used a paired t-test statistical analysis for each of the comparisons utilizing the R

Project for Statistical Computing. The results can be seen in Table 1.

Table 1 - Summary of Results as Compared to non-LEED Certified Counterparts
(Mangasarian 2010)

Average Average
Electricity Water per
LEED Building (Number and per year Electricity year Water
Title) Counterpart (% Savings) p-value (% Savings) | p-value
1. Atlantic Fleet Drill Hall Pacific Fleet Drill Hall 6.2 0.001424 60.37 0.9973
2. Airborne Mine Countermeasures | Aircraft Maintenance
Facility (SP 36) Hangar (LP 33) 59.72 1 71.55 1
3. Aircraft Maintenance Hangar Aircraft Maintenance
(SP 37) Hangar (LP 33) 7 7.13E-06 -285.76 3.33E-06
4. Child Development Center Child Development Center
(Oceana) (Norfolk) 8.84 1.83E-08 60.59 1
5. Bachelor Enlisted Quarters Bachelor Enlisted
(Yorktown) Quarters (Norfolk) -84.19 1.99E-09 N/A N/A
Morale, Welfare, and
6. Personnel Support Facility Recreation Facility -127.75 8.62E-07 21.95 0.5
7. Police and Special Operations
Facility (Little Creek) Police Station (Norfolk) 2.92 1.39E-05 17.49 0.3633
8. Marine Corps Bachelor Enlisted Marine Corps Bachelor
Quarters Enlisted Quarters -10.3 4.47E-06 N/A N/A
9. Public Works Department Public Works Department
(NBVC) (Point Magu) 14.66 7.34E-05 56.44 1
10. Naval Facilities Engineering
Service Command NAVSEA Laboratory 48.88 0.9993 57.49 1
11. Memorial Golf Course Golf Course Clubhouse
Clubhouse (Miramar) (NBVC) -209.55 0.001482 -89.45 0.005422
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The electricity consumption results in Table 1 indicate that 7 of 11 LEED certified
buildings have electric energy savings when compared to their non-LEED counterparts.
However, only two of the seven buildings had savings in excess of 30 percent per year with the
remainder showing electric energy savings of less that 15 percent when compared to their non-
LEED counterparts. The water consumption results indicate that 7 of 9 LEED certified buildings
have achieved water savings in excess of 15 percent when compared to their non-LEED

counterparts with four of those buildings showing savings in the range of 50 to 75 percent.

The results of the Mangasarian (2010) study show that LEED certification alone cannot
guarantee the 30 percent reduction of electricity consumption or the 16 percent reduction of
water consumption as directed by EO 13423. Furthermore, the data shows that energy savings
are not closely related to the number of points received in the “Energy and Atmosphere” section
of the LEED certification process. For example, Figure 8 indicates that two buildings achieved
the electrical consumption savings and scored 2 and 11 LEED points respectively for “Energy
and Atmosphere” out of the total 17 possible points. The results for the remaining buildings
indicate that although some earned up to 14 LEED points for “Energy and Atmosphere”, they

either failed to meet the 30 percent reductions or actually consumed more than their counterpart.

100 16

Percent Electric Savings

W Leed Point for Energy and Atmosphere
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Building Number

Percent Elecrity Savings
LEED Pointsfor Energy and Atmospher
(LEED Points for Buildings 4 and 11 N/A)

Figure 8 - Percent Savings versus LEED Points for “Energy and Atmosphere” (Menassa et
al. 2011)
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2.4 — Simple Payback Period

The National Institute of Standards and Technology (NIST) manual, Life-Cycle Costing
(LCC) Manual for the Federal Energy Management Program (FEMP), provides an excellent
description on the use of simple payback as a tool for economic analysis. The handbook
describes two methods, the Simple Payback (SPB) and the Discounted Payback (DPB). The
DPB method requires cash flows occurring each year be discounted to present value before
accumulating them as savings and costs. If the SPB or the DPB is less than the length of the

service period used in the analysis, the project is generally cost effective (NIST 1995).

Payback is often used as a "first screening method". By this, it is meant that when a
capital investment project is being considered, the first question to ask is: ‘How long will it take
to pay back its cost?" The organization might have a target payback, and so it would reject a
capital project unless its payback period was less than a certain number of years (Macdonald and
Cheng 1997). There are limitations to the SPB and DPB methods as neither accounts for the
time value of money, risk, financing, or the fluctuation of both energy and maintenance costs
over time. However, the calculation of the SPB and DPB is generally used as a screening
method for identifying single project alternatives that are so clearly economical that the time and

expense of a full Life Cycle Cost Analysis (LCCA) is not warranted (NIST 1995).

The NIST handbook provides a formula for the calculation of both the SPB and DPB.

The payback period is the minimum number of years, y, for which:

EQ. 1 - NIST Simple and Discounted Payback Equation

(S - Al)
E(1+d) .
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where:

-y = Minimum length of time (usually years) over which future net cash flows have to be
accumulated in order to offset initial investment costs

- St =Savings in operational costs in year t associated with a given alternative

- Alp = Initial investment costs associated with the project alternative

- Al; = Additional investment-related costs in year t, other than initial investment costs

- d = Discount rate

2.5 — Lifecycle Cost Savings of LEED

The NIST handbook defines LCCA as “an economic method of project evaluation in
which all costs arising from owning, operating, maintaining, and ultimately disposing of a
project are considered to be potentially important to that decision.” Kats et. al. (2003) provided a
report on the issue of green building costs and benefits and looked across the United States at 33
green buildings to determine the cost of building green compared to conventional design. Kats et
al. defined the cost difference of building green compared to conventional design as the ‘Green
Premium’. The researchers found that the average total construction cost premium for these
green buildings was slightly less than two percent, or $3-5 per square foot (Figure 9). While
some of the green premium costs are associated with materials, the majority of the increase in
total construction cost was due to the increased architectural and engineering (A&E) design time,
modeling costs, and time necessary to integrate sustainable building practices into projects, such
as advanced daylighting, thermal technologies, and photovoltaic systems. Generally, the earlier
green building features are incorporated into the design process, the lower the cost (Kats et al.

2003).
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Average Green Premium vs Level of Green

Certification for Offices and Schools
(Kats et al. 2003)
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bldgs) bldgs) bldgs)

Figure 9 - Average Green Premium versus Level of Green Certification for Offices and
Schools (Kats et al. 2003)

Kats et. al. (2003) further stated that Green Buildings provide financial benefits that
conventional buildings do not, including energy and water savings, reduced waste, improved
indoor environmental quality, greater employee comfort/productivity, reduced employee health
costs and lower operations and maintenance costs. Of these benefits, the primary energy savings
came from reduced electricity purchases and from reduced peak energy demand. On average,
green buildings are 28 percent more efficient than conventional buildings and generate 2 percent
of their power on-site from photovoltaics (PV) (Figure 10). The financial benefits of 30 percent
reduced consumption at an electricity price of $0.08 per kilowatt hour are about $0.30 per square

foot per year, with a 20-year Net Present Value (NPV) of over $5 per square foot (Figure 11),
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equal to or more than the average additional cost associated with building green (Kats et al.

2003).
Certified Silver Gold Average
Energy Efficiency (above standard code) 18% 30% 37% 28%
On-Site Renewable Energy 0% 0% 4% 2%
Green Power 10% 0% 7% 6%
Total 28%  30% 48% 36%

Figure 10 - Reduced Energy Use in Green Buildings as Compared with Conventional
Buildings (Kats et al. 2003)

Figure 11 - Financial Benefits of Green Buildings, Summary of Findings per Square foot
(Kats et al. 2003)

Kats (2010) performed additional research where he surveyed 170 U.S. buildings and
found that more than three-quarters of the buildings in the data set had costs associated with
sustainable and environmentally conscience design and construction, or green premiums,
between zero and four percent; the largest concentration (69 buildings) was between zero and

one percent. The median cost increase was 1.5 percent, and the mean cost increase was 2.8



20

percent before public incentives or government grants were used in evaluating the total cost of
construction. These figures translate into a typical cost premium for green certification of about

$3 to $9 per square foot (Figure 12) (Kats 2010).

Figure 12 - Green Premiums for Buildings in the Dataset (Kats 2010)

Kats then compared these results against the 2007 survey by the World Business Council
for Sustainable Development (WBCSD). Inthe WBCSD survey, key players in real estate and
construction overestimated the costs and benefits of "green™ buildings by 300 percent, creating a
major barrier to more energy efficiency in the building sector. Additionally, respondents to a
1400 person global survey estimated the additional cost of building green at 17 percent above
conventional construction, more than triple the true cost difference of about 5 percent (Figures

13 and 14) (WBCSD 2007).



Figure 13 - Estimates of Cost Premium for "*A Certified Sustainable Building (WBCSD
2007)

Figure 14 - Green Premium for Buildings in the Dataset (Kats 2010)
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Kats (2010) also found that the projected energy savings generally increased with the
level of certification, and there is a range of projected savings at each LEED level (Figure 15).
When compared with the ASHRAE 90.1 baseline building, the dataset reported median savings
of 23 percent for LEED-Certified buildings, 31 percent for LEED-Silver; 40 percent for LEED-

Gold; and 50 percent for LEED-Platinum.

Figure 15 - Reported Reductions in Energy Use by LEED Level (Kats 2010)

Langdon (2007) performed similar research on the cost of green construction and
examined a large sampling of buildings with multiple building types that included academic,
laboratory, library, community, and ambulatory buildings. Of a total of 221 buildings, 83
buildings were selected which were designed with a goal of meeting some level of the USGBC’s
LEED certification (the other 138 projects were buildings of similar program types which did not
have a goal of sustainable design). Two examples of Langdon’s research, Academic (Figure 16)
and Ambulatory Care (Figure 17) show that the cost per square foot for LEED certified buildings

match consistently with those non-LEED certified buildings.



Figure 16 - Cost/sf of Academic Buildings (Langdon 2007)

Figure 17 - Cost/sf for Ambulatory Care Buildings (Langdon 2007)
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The results of the Langdon (2007) study indicate that the majority of the buildings were
able to achieve their goals for LEED certification without any additional funding and that the
cost per square foot for buildings seeking LEED certification falls into the existing range of costs
for buildings of similar program type. From this analysis we can conclude that many projects
can achieve sustainable design within their initial budget, or with very small supplemental
funding. This suggests that owners are finding ways to incorporate the elements important to the
goals and values of the project, regardless of budget, by making choices and value decisions

(Langdon 2007).

2.6 — Summary of Literature Review

There are multiple reasons why building owners and operators are developing and
utilizing guidelines to develop eco-friendly (energy efficient and sustainable) designs in their
buildings. The primary factors include growing tenant demand in order to lower operating costs
associated with electricity, fuel, and water consumption, higher employee productivity, investors
seeking more socially conscious investments, and reputational issues that have been forcing the
real estate sector towards more efficient building techniques. LEED has become the primary
source of this energy efficient and sustainable design certification. Research has been mixed on
the actual energy saving performance of LEED certified buildings; there are some that show
savings (Turner and Frankel 2008) and others that only show moderate savings (Torcellini et al.
2004). Research was recently completed that compared the electricity and water consumption
data between US Navy LEED certified and non-LEED certified buildings, which concluded that
LEED certification alone cannot guarantee the mandated electricity and water consumption
reductions. Additional research has shown that the actual investment required to obtain LEED

certification on construction projects is much lower than perceived construction costs. Simple
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payback in one method that can be used to provide a quick determination if an investment such

as that required to achieve LEED certification is warranted for a construction project.

The above literature has guided and formed the research objectives that come in the
following section. US Navy LEED certified buildings will be reviewed to determine what
LEED scoring categories show the largest associated construction cost, if these additional costs

can be paid back through energy savings, and if the electricity and water consumption costs meet

EO 13423’s mandated reductions.
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Chapter 3: Research Objectives

3.1 — Objectives

Since its inception in 1993 by the USGBC, LEED has become the primary certification
process for environmental design and construction. There are substantial amount of studies
completed concerning the energy performance of commercial and residential LEED certified
buildings, but only a small amount of research on the actual cost benefits of LEED certification
and sustainable design post-construction. Through review of the pertinent research on how
LEED became the primary design initiative, how LEED certified buildings performed in relation
to energy consumption in both the private and governmental sectors, and what financial
construction costs are related to LEED certification, the following objectives for this study were

defined:

Determine what percentage of building construction costs are associated with each LEED

certification category and if the energy savings offsets these costs.

» Determine if certifying US Navy buildings with LEED helped to achieve an energy cost

savings as expected by EO 13423.

» Determine the simple payback period of the total construction cost difference between

LEED certified and its non-LEED certified comparison building.

» Determine the simple payback period for the interpolated costs associated with the LEED

scoring category “Energy and Atmosphere.”
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Chapter 4: Methodology

The methodology followed for this research consisted of three primary steps: (1) Gather
construction cost and LEED certification data on a selection of US Navy LEED certified
buildings; (2) Find suitable US Navy commercial comparison buildings within the same region,
comparable size, and similar usage, obtaining the cost of construction for each building, and; (3)
Evaluate the data by escalating the cost of construction for each building comparison to calculate
the cost difference between LEED certified buildings and their counterparts, determine the costs
associated with LEED certification for each LEED scoring category, calculate the simple
payback period for the total cost of construction and costs only associated with the LEED
scoring category “Energy and Atmosphere”, and, lastly, determine if the LEED certified
buildings were able to comply with EO 13423’s mandate to reduce electricity and water

consumption costs.

4.1 — Data Gathering: United States Navy LEED Buildings

Data gathering began with contacting installation Public Works Officers (PWO) and
Officers in Charge of Construction (OICC) at US Navy and Marine Corps installations to request
the schedule of pricing and LEED scoring sheets for all of their LEED certified construction
projects. At this point the data was sorted by location, building number, total LEED score,

LEED certification level, and LEED points scored in each of the seven LEED scoring categories.

The next step was to review the schedule of pricing for each building and pull out the
costs associated with LEED certification. A line item review was performed for 18 projects to
identify the items that were clearly marked as LEED certification costs; to be known as Direct

LEED Costs. Additionally, data that appeared to be above and beyond what would normally be
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done in traditional construction were identified; to be known as Interpolated LEED Costs (a
summary of these costs are provided in Section 5.1). These interpolated costs were then verified
with each point of contact to ensure their concurrence that the costs were above and beyond

traditional construction methods and could be attributed to the LEED certification.

Figure 18 shows the geographical disbursement of the 28 buildings under review as part
of this study. The list of LEED certified buildings used for this project, shown in Table 2, was
taken from the Mangasarian 2010 study and added to by the PWQO’s and OICC’s participating in

this study.

Figure 18 - Locations of LEED Certified Buildings



Table 2 - LEED Certified Buildings Included in Study
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Building LEED
# Location Installation Title Certification
Marine Corps Base Camp Academic Instruction Facility,
1 Jacksonville, NC Lejeune Camp Geiger Certified
Marine Corps Base Camp Reserve Training Center and
2 Jacksonville, NC Lejeune Vehicle Maintenance Facility Certified
Marine Corps Base Camp Aircraft Maintenance Hangar Ph |
3 Jacksonville, NC Lejeune & 1l Certified
Marine Corps Base Camp New Gymnasium and Music
4 Jacksonville, NC Lejeune Room, MCAS Certified
Marine Corps Base Camp EOD Operations Facility, MCB,
5 Jacksonville, NC Lejeune CLNC Certified
Marine Corps Base Camp Enlisted Dining Facility,
6 Jacksonville, NC Lejeune Courthouse Bay Certified
Marine Corps Base Camp
7 Jacksonville, NC Lejeune Armories || MEF at French Creek Certified
Marine Corps Base Camp
8 Jacksonville, NC Lejeune MARSOC Dining Facility Certified
Marine Corps Base Camp MP Company Operations
9 Jacksonville, NC Lejeune Complex, MCB Silver
Marine Corps Base Camp
10 Jacksonville, NC Lejeune EOD Building FC292 Addition Certified
Naval Amphibious Base Little | EODOSU 10 Ordnance
11 Norfolk, VA Creek Operations Facility Silver
Naval Amphibious Base Little
12 Norfolk, VA Creek Child Development Center Platinum
Naval Amphibious Base Little
13 Norfolk, VA Creek Police and Security Operations Silver
Naval Amphibious Base Little | Seal Team Operations Support
14 Norfolk, VA Creek Facility Silver
Marine Corps Air Station Enlisted Dining Facility, MCAS
15 Beaufort, SC Beaufort Beaufort Certified
Marine Corps Air Station
16 Beaufort, SC Beaufort Explosive Ordnance Facility Silver
Marine Corps Air Station
17 Beaufort, SC Beaufort Training and Simulator Facility Silver
Marine Corps Air Station
18 Beaufort, SC Beaufort Aircraft Hangar MCAS Beaufort Silver
Naval Training Center Great
19 Chicago, IL Lakes Atlantic Fleet Drill Hall Gold
Airborne Mine Countermeasures
20 Norfolk, VA Naval Station Norfolk Facility Certified
Aircraft Maintenance Hangar
21 Norfolk, VA Naval Station Norfolk (HM14) Certified
22 Virginia Beach, VA | Naval Air Station Oceana Child Development Center (450) Silver
Yorktown Naval Weapons
23 Yorktown, VA Station Bachelor Quarters (2075) Certified
Naval Amphibious Base Little
24 Norfolk, VA Creek Personnel Support Facility Silver
Marine Corps Base Camp Bachelor Enlisted Quarters
25 Jacksonville, NC Lejeune (FC507) Certified
26 Port Hueneme, CA Naval Base Ventura County NBVC Public Works Department Gold
Naval Facilities Engineering
27 Port Hueneme, CA Naval Base Ventura County Service Command Silver
Marine Corps Air Station Memorial Golf Course Clubhouse
28 Miramar, CA Miramar (3750) Gold
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Once these buildings were identified, a US Navy real property manager was interviewed
to obtain information from the US Navy’s Internet Naval Facilities Assets Data Store (INFADS).
This was necessary to find the acquisitions basic cost (cost of construction), the year built,
building number, and building size in square feet. This data was essential to compare the LEED

certified building with its commercial counterpart later in the study.

Finally, the 2010 UW study provided the electricity and water consumption data for
buildings 19 through 28 from October 2008 to September 2009. In order to find the total
consumption cost, utility rates were researched via the city and community near the military
installation of each building and normalized by calculating the building’s utilities cost per square

foot for the year.

4.2 — Non-LEED Certified United States Navy Comparison Building

This research concentrated on the US Navy’s building inventory and specifically looked
within this inventory to select buildings that were within the same region, of comparable size,
and usage. In the event that a suitable comparison building to the LEED certified building was
not located on the same installation, one was identified within the same region to ensure as close

a comparison as possible.

Table 3 below provides the list of LEED buildings and their commercial comparison
buildings. For some building comparisons, it was indeed necessary to look outside of the
immediate area to find a suitable comparison, such as the building #23, the Police and Special
Operations Facility on Little Creek, VA, the nearest building of comparable usage and size was a
Police Station at Norfolk, VA. This was also the case in Beaufort, SC with building #14, the

Enlisted Dining Facility, MCAS Beaufort; the comparison building was located within the region



31

at Parris Island, SC. In each case the buildings were located within the same region and

separated by less than 20 miles.

Another issue that was taken into consideration was the size difference between some of
the comparison buildings. The average square foot difference was 24 percent with the largest
between MP Company Operations Complex and Troop Emergency Housing; a difference of over
800 percent. The review of the data took this into consideration and compared the buildings as a

cost per square foot.

Table 3 - LEED Certified and non-LEED Certified Comparable Building

B“':f'”g LEED Certified Building non-LEED Certified Building
1 Academic Instruction Facility, Camp Geiger Academic Instruction Facility CCN:171-10
2 Reserve Training Center and Vehicle Maintenance Facility Vehicle Maintenance Facility: 214-10
3 Aircraft Maintenance Hangar Ph | & 1l Intermediate Maint Hangar CCN: 211-05
4 New Gymnasium and Music Room, MCAS Tarawa Terrace | School CCN: 730-55
5 EOD Operations Facility, MCB, CLNC EOD Building Geiger CCN: 143-24
6 Enlisted Dining Facility, Courthouse Bay Enlisted Dining Facility CCN: 722-10
7 Armories || MEF at French Creek Armory
8 MARSOC Dining Facility EM Dining Facility CCN: 722-10
9 MP Company Operations Complex, MCB Troop Emergency Housing CCN: 610-73
10 EOD Building FC292 Addition EOD Building Geiger CCN: 143-24
11 EODOSU 10 Ordnance Operations Facility SEAL Team TEN Building
12 Child Development Center Child Development Center
13 Police and Security Operations Police Station
14 Seal Team Operations Support Facility SEAL Team