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INTRODUCTION

Deep energy retrofits (DERs) can accelerate our transi-
tion to a clean-energy future. DERs directly address the
gargantuan energy consumption of existing buildings and can
be implemented today without relying on radical technologies
or untested methods. In the United States, buildings consume
almost 50% of all energy and account for about 45% of carbon
dioxide (CO2) emissions, making buildings the largest end-use
energy sector, followed by industry and transportation (Archi-
tecture 2030 2013). Buildings’ enormous appetite for electric-
ity—most of which is produced by fossil fuels—threatens our
climate, our security, our economy, and our health. More than
80% of existing buildings today are at least 15 years old (EIA
2012), indicating that existing building retrofits represent a
significant opportunity in the transition to a low-carbon future. 

Because saving energy is typically far cheaper than gener-
ating it, eliminating buildings’ energy waste by aggressively
deploying energy efficiency is one of the most cost-effective
paths to a resilient and clean-energy future. Deploying DERs,
which typically achieve at least 50% savings beyond baseline
energy consumption using integrative, whole-building design
principles, is a key part of the solution.

In the United States, the federal government is the single larg-
est landlord, controlling over 400,000 owned or leased buildings,
which comprise over 3 billion square feet of space (GSA 2016a).
Federal agencies are currently driven to comply with several
energy policies, primarily Executive Order 13693, a directive that
outlines energy and water efficiency goals, including net zero
energy targets (White House 2015). Despite the call for building

energy reductions, federal funding for building upgrade projects
(including energy projects) is insufficient to meet these needs, and
this trend is expected to continue. Federal agencies must carefully
consider alternative financing options and effectively use appro-
priated funding that may be available. 

Alternative financing mechanisms, such as energy savings
performance contracts (ESPCs, the alternative financing mech-
anism focused on in this paper) and utility energy savings
contracts (UESCs), are critical to agencies’ abilities to achieve
comprehensive energy savings with limited funding. At their core,
ESPCs allow agencies, in partnership with energy service
companies (ESCOs), to finance the up-front costs of energy-
savings and facility-improvement projects through their energy
savings. This approach requires no up-front capital costs or
special appropriations from congress (DOE 2016a). The energy
(and sometimes maintenance) cost savings from these measures
are captured by the ESCO and used to pay back the initial cost
of implementing the measures. When appropriated funding is
available, it can pay for energy projects directly but can often
drive greater value by being incorporated into existing ESPC
projects. 

Several pioneering agencies, including the U.S. General
Services Administration (GSA), the U.S Army (within the U.S.
Department of Defense), and the National Aeronautics and
Space Administration (NASA) have led the federal government
toward deep retrofits using ESPCs. To maximize energy and
carbon reductions from federal energy efficiency projects,
lessons from leading agencies need to be adopted broadly, a
long-term approach needs to be taken toward building energy
management, and agencies need to explore blending different
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funding methods in a way that can increase and enhance the
value of planned retrofit projects. 

This paper aims to guide federal energy managers and
decision makers, contractors (including ESCOs), engineers,
and other stakeholders in federal energy projects toward a set
of solutions, including DER best practices and guidance to
maximize combined funding that will allow federal agencies to
achieve federal energy mandates and support their missions in
a cost- and resource-efficient manner using DERs. This paper
may also be of interest to building owners; general contrac-
tors; design, architectural, and engineering firms; and manu-
facturers of energy-efficient products and systems. The paper
assumes familiarity with federal ESPCs; those who are unfa-
miliar with federal ESPCs can learn more at the page on
energy savings performance contracts for federal facilities on
the energy.gov website (EERE 2016).

THE VALUE OF DEEP ENERGY RETROFITS
TO THE FEDERAL GOVERNMENT 

What is a Deep Energy Retrofit?

A deep energy retrofit (DER), as defined by the Interna-
tional Energy Agency’s Annex 61, is “a major building renova-
tion project in which site energy use intensity (including plug
loads) has been reduced by at least 50% from the pre-renovation
baseline with a corresponding improvement in indoor environ-
mental quality and comfort” (IEA forthcoming). A DER can
span multiple phases of renovation to better align with key
building milestones, in which case a performance baseline
(based on utility data or a calibrated model) must be established
by the owner and/or the energy service company (ESCO) at
project onset to measure the cumulative energy savings. In the
framework of a DER, an integrative and whole-systems
approach should be used to select and evaluate bundles, or pack-
ages of energy conservation measures (ECMs), rather than
considering individual technologies in isolation. By consider-
ing ECMs as part of a bundle, the interactive effects between
ECMs can be leveraged, enhancing energy and capital cost
savings opportunities in turn. DERs, though often more expen-
sive up front, deliver substantially greater value than short-term,
shallow renovations or projects intended to fix immediate
issues. DERs deliver sustained energy and cost savings by lever-
aging the history, current condition, and future of a facility to
deliver a thoughtful and economical approach to energy
savings.

What is the Value of a Deep Energy Retrofit?

Deep energy retrofits can provide direct value by reducing
energy consumption and operating costs and can provide indi-
rect value by reducing carbon emissions, making progress
toward policy goals, and making buildings more valuable,
comfortable, productive, and healthy. Some of these values are
easy to quantify, while others can be considered added benefits.

Direct Cost Savings. Direct cost savings are most often
attributed to reductions in energy costs, which are typically on

the order of a 50% or greater energy cost reduction from the
baseline for a DER. DERs also typically drive significant
operations and maintenance (O&M) cost savings. The U.S.
General Services Administration (GSA) has reported mainte-
nance costs approximately 12% lower than industry averages
in post-occupancy surveys of 22 of its “green” buildings
(Fowler et al. 2011). Capturing O&M savings as part of a
federal energy savings performance contract (ESPC) project
can enable a larger scope and greater energy savings, but doing
so remains a challenge (this topic is explored further in the
subsection entitled “Include Occupant Behavior and Opera-
tions and Maintenance Savings”).

Indirect Cost Savings. Deep retrofits can also result in
measurable but indirect cost savings or new operating income.
DERs often result in reduced vacancy rates due to greater
occupant satisfaction, which the GSA has reported as 27%
higher than national averages in post-occupancy surveys for
its green buildings (Fowler et al. 2011). Additionally, insur-
ance companies have recently begun rewarding green build-
ings with reduced premiums, citing the assertion that
commissioning and sustainable design reduce sick building
syndrome claims and may also reduce damage claims from
both human and natural hazards (Nalewaik and Venters 2009).
Many projects have also reported better building utilization
(i.e., an increase in leasable space) as a result of downsizing
their mechanical systems as part of a DER. For example, the
deep retrofit of the Deutsche Bank Twin Towers in Frankfurt,
Germany, freed up an entire building story to be used as newly
leasable space (Designalmic 2013). 

Deep energy retrofits also bring a host of secondary bene-
fits that are more difficult to quantify but can result in indirect
cost savings. These include productivity increases, increases
to health and wellbeing, recruiting advantage and greater
employee retention, and property value increases, among
others (Bendewald et al. 2014). 

While these benefits are challenging to quantify and
cannot always be counted as financeable cost savings, they
should still be promoted and considered as added benefits in
a DER project. Figure 1 estimates the positive impact that
some of these direct and indirect values, beyond energy cost
savings, can have as the result of a DER. 

Supporting Policy Mandates for Energy and Green-
house Gas Emissions Reductions. It is important to consider
a DER as a dynamic strategy for helping the federal govern-
ment meet sustainability goals and mandates. Federal agen-
cies are tied to key federal mandates that call for enhanced
energy efficiency, carbon reductions, and resilience to climate
change and natural disasters. Executive Order (EO) 13693,
Planning for Federal Sustainability in the Next Decade (White
House 2015), calls for consistent energy and water use inten-
sity reductions through 2025, an increase in renewable energy
production, new net zero buildings (for buildings that enter the
planning process after 2020), and net zero energy and water
targets for existing buildings. These policies reinforce and
extend the provisions included in the Energy Independence
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and Security Act of 2007 (EISA) and are further reinforced by
the goals in President Obama’s Presidential Performance
Contracting Challenge (PPCC). The PPCC calls for federal
agencies and their ESCO partners to deliver over $4 billion in
ESPC value by the end of 2016 (DOE 2016b) and has been a
driver of many new ESPCs over the past few years. DERs,
especially those executed using ESPCs, allow agencies to
pursue these goals while ensuring that each dollar spent on an
energy efficiency project goes further. 

Supporting Agency Missions. Deep energy retrofits
help agencies to directly support their missions and to indi-
rectly support them by being responsible stewards of federal
taxpayer money. DERs reduce agency operating budgets and
allow them to focus funding toward directly addressing their
missions. Missions can also be supported more directly by
DERs:

• The U.S. Department of Defense (DoD) improves
energy security and resilience by reducing energy loads
and using solar in place of fossil fuels, which often need
to be transported in potentially vulnerable convoys.

• The GSA increases workspace utilization while still
driving higher tenant satisfaction.

• The U.S. Department of Veterans Affairs offers more
satisfying and healthy spaces with enhanced indoor air
quality, greater access to natural light, and other DER
benefits.

• Agencies are increasingly calling for enhanced resil-
ience, which can include load reduction and renewable
energy supply.

Replacing Aging Infrastructure and Improving
Building System Reliability. By engaging in a DER, large
building systems are often replaced with new, high-quality,

Figure 1 The direct and indirect cost savings of a DER estimated based on industry reports and studies (RMI 2015c).
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right-sized equipment. Rather than reacting to equipment fail-
ures or waiting for appropriations, agencies can proactively
replace equipment nearing the end of its life, reducing the risk
of equipment and facility downtime (which can hinder
productivity or interrupt agency missions).

Increasing Resilience. In the wake of major natural
disasters such as Hurricane Katrina and Hurricane Sandy and
an increasing awareness of the threats that global climate
change poses to national security, resilience has become a key
concern of the federal government (Donovan 2015; DoD
2015). Resilience in this context refers to the ability of federal
infrastructure, including building energy systems, to continue
serving mission-critical operations when natural disasters,
security risks, or other threats arise. Resilience has been the
core focus of many policy mandates, directives, and studies
affecting the federal government in recent years (White House
2013a, 2013b; National Academies 2012). These policies call
for improved “environmental performance,” which includes
energy efficiency and renewable energy generation as key
pathways toward more resilient federal facilities, with the
added benefit of saving taxpayer money through reduced oper-
ating costs while improving energy and water security (White
House 2015). Increasing the depth of energy savings and envi-
ronmental performance directly supports greater resilience for
federal facilities.

Hedging Risks Associated with Energy Cost Volatility.
Deep energy retrofits can help agencies hedge the risks related
to rising or otherwise volatile fossil fuel energy costs. The
World Energy Council’s World Energy Issues Monitor 2016
(WEC 2016) cites that “commodity prices and associated
volatility have replaced energy prices as the number one crit-
ical uncertainty on the energy agenda for leaders and experts
globally” (p. 6). Fluctuating fossil fuel prices and long-term
uncertainty about the costs of coal, oil, and natural gas expose
utility customers, including government agencies, to signifi-
cant potential price fluctuations. This exposure can be limited
by reducing energy consumption as a result of on-site load
reduction (i.e., DERs) and by producing on-site renewable
energy, both of which allow agencies to exert more control
over their energy supply. 

Maximizing the Value of Federal Appropriations.
Developing a DER drives a greater bang for the buck on
federal energy projects. Even though an ESPC does not typi-
cally use federal appropriations to pay for any of the project’s
capital expenditures, federal appropriations are used to fund
the federal employees who serve as project managers,
contracting officers, or facility representatives or serve in
other roles for each project. These resources are essential to
bringing about ESPCs for a given agency, and their funding
often limits the number of ESPC projects that an agency can
pursue at one time. Driving the deepest energy savings possi-
ble in an ESPC project drives the greatest financial and
carbon-reduction return on the taxpayer money used to fund
these federal project management resources.

FUNDING DER PROJECTS

DER projects in the federal government are typically
funded in three ways: appropriated (public) funding; perfor-
mance contracting, such as ESPCs and utility energy savings
contracts (UESCs), which are forms of private funding; or
combined funding, which is a combination of public and
private funding. 

Appropriated Funding (Public Funding)

Appropriated funding comes from the United States
Congress and represents an allocation of congressional discre-
tionary funding for agencies’ approved budgets. Government
agencies have limited appropriated funds to renovate existing
buildings, whether to repair aging infrastructure, update build-
ing interiors, plan for disaster preparedness and resilience, or
perform energy upgrades. Agencies typically have some fund-
ing available for building improvements under programs like
the DoD’s sustainment, restoration, and modernization (SRM)
program, but it is not often enough funding to retrofit a signif-
icant portion of an agency’s portfolio on its own.

Federal buildings benefited greatly from appropriations
delivered under the American Recovery and Reinvestment Act
of 2009 (ARRA). ARRA awarded $5.5 billion to the GSA and
$7.4 billion to the DoD for the construction and renovation of
buildings for energy efficiency improvements and other
modernization efforts. ARRA resulted in many impactful
projects, including the GSA’s net zero energy retrofit of the
Wayne N. Aspinall Federal Building and U.S. Courthouse
(Chang et al. 2014). However, appropriated funding for build-
ing modernization and energy efficiency projects has been
significantly less prevalent since ARRA. 

Performance Contracting (Private Funding)

Performance contracting, typically delivered in the form
of ESPCs or UESCs, allows federal agencies to deliver energy
savings without special appropriations from Congress. Project
costs are financed by a third party and paid back over time
based on the expected energy savings of the project. The struc-
ture of ESPCs is explored in more detail in the Introduction
and in Figure 2. Performance contracts have been essential to
enabling agencies to achieve the aggressive energy efficiency
targets laid out in EO 13693 and EISA and will be essential to
continued progress as buildings move toward greater levels of
efficiency and net zero energy.

Combined Funding (Public and Private Funding)

Applying appropriated funding to ESPC projects as a one-
time payment (attributed to a cost avoidance) can improve the
economics by reducing the total cost to be financed. This allows
the project to include longer-payback measures, increasing the
amount of energy savings and infrastructure renewal that an
ESPC would achieve beyond a project without the one-time
payment. For some agencies, like the DoD, this appropriated
funding must be designated solely for energy-related projects
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before being used as supplementary ESPC funding. There is a
long history of agencies using appropriated funds, including
energy-designated DoD SRM funds, as one-time payments in
ESPC projects. There is often a strong argument for applying
these funds to drive greater project value, but the legal limitations
of combined funding models must be considered. Combined
funding models are explored in detail in the subsection entitled
“Combine ESPC and Appropriated Funding to Drive Projects
Deeper”

GSA’S NATIONAL DEEP ENERGY RETROFIT 
PROGRAM

The GSA is the landlord of the civilian federal government,
with over 8000 assets totaling almost 375 million square feet of
rentable space (owned and leased), most of which is office space
(GSA 2016b). The GSA has the third-largest real estate portfo-
lio and has the fifth-largest primary energy consumption of all
federal agencies (EERE 2011). Like any large portfolio
manager, the GSA faces several issues related to its large, aging
building stock. Many buildings are old and have issues such as
high energy consumption, a need for space repurposing, low
employee density and underutilization, poor indoor air quality,
and deteriorating building infrastructure. In order to address
these deficiencies, as well as comply with federal mandates on
energy use and carbon reduction, the GSA decided to launch a
program focused on driving deeper energy savings, the
National Deep Energy Retrofit (NDER) program. 

GSA NDER Approach

In August 2011, the GSA launched the NDER program
to demonstrate deep energy savings delivered through
ESPCs. The NDER program is now the GSA’s sole ESPC
delivery mechanism, and the program’s objectives exem-
plify DER best practices while clearly articulating the
GSA’s intent to drive deep energy savings through these
longer-term projects (RMI 2015b):

1. Move federal facilities towards net zero energy
consumption.

2. Reduce water consumption at federal facilities.

3. Implement cost-effective retrofits with payback periods
of 25 years or less.

4. Complete associated construction work without major
tenant disruption.

5. Use innovative technologies.

6. Use renewable energy technologies.

7. Use comprehensive and integrated whole-building
approaches to determine ECMs.

The first round of the NDER program (which took place
2012–2014) resulted in 10 ESPC task orders with a total
investment value of $172 million, distributed among seven
ESCOs in six GSA regions. This represents retrofits in
13.1 million square feet of space across 21 buildings. The
result is a 365 billion Btu energy consumption savings per
year and a guaranteed cost savings of $10.8 million per year,
which will be used to pay back the investment value for each
project over an average contract term of 19 years (with proj-
ect contract terms spanning 12–23 years). Round 1 of NDER
projects resulted in a 38.2% average project energy savings,
including one project expected to achieve net zero energy,
which is double the 19% savings from other federal ESPC
projects during a similar time period (Shonder 2014). The
energy savings of the NDER Round 1 projects are summa-
rized in Figure 3.

Round 2 of the NDER program kicked off in May 2014, and
many Round 2 projects are at the end of the ESPC development
cycle. To date, two Round 2 task orders have been issued and the
GSA expects several more to be issued by the end of 2016. Based
on the success of Round 1 and the good progress of Round 2, the
GSA is currently planning a third round of the program.

Figure 2 A typical federal ESPC project structure (EERE 2016).
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BEST PRACTICES: BUILDING ON DER SUCCESSES 

The GSA, the Army, and other federal agencies have seen
success in pursuing DERs using ESPCs and have standardized
a set of best practices with the hope that they will become stan-
dard operating practices for federal ESPCs and other federal
energy projects. The best practices summarized in this section
resulted from an in-depth look at a number of federal DER
projects (RMI 2015a; Shonder 2014). Many of these best prac-
tices are simple in theory but require dedication and diligence
to implement. The best practices in this section are intended to
complement, rather than replace, existing resources like the
ESPC best practices provided by DOE’s Federal Energy
Management Program (FEMP) (FEMP 2016).

Preplanning and Project Initiation

Centralize Resources and Streamline the ESPC
Process. Agencies should create a central contracting team
within the agency to manage and oversee the process, like the
GSA’s Program Management Office (PMO). The PMO was
established to standardize and streamline the ESPC review and
award process, which previously had been managed by indi-
vidual GSA regions. Centralized and consistent technical,
contracting, and legal advice likely influenced the regions to
accept more comprehensive projects, leading to correspond-
ingly higher levels of savings. The PMO established a
common timeline for the award process and provided guid-
ance to regional offices on pricing, financing, engineering, and
contracting. The PMO also benefited ESCOs, because having
a knowledgeable and experienced project partner makes the
process smoother and simpler, reducing project risks and time-
lines. By establishing the PMO, the GSA achieved a signifi-

cant reduction in project cycle time, awarding the 10 NDER
Round 1 Task Orders in an average of 15.9 months (after
ESCO selection), compared with an average of 20.9 months
for projects from other federal agencies awarded during a
similar time period (Shonder 2014).

The standard practice in other agencies varies signifi-
cantly. Several ESPC leaders, like the Army, have their own
centralized offices to gain similar efficiencies and consistency
in developing ESPC projects. Small or under-resourced agen-
cies should consider working collaboratively with each other
to pool resources and/or with agencies that have centralized
and successful ESPC programs (e.g., GSA, Army, Defense
Logistics Agency [DLA], and FEMP) to leverage and build
upon their successes. 

Select Ripe Opportunities for Deep Retrofits. Agen-
cies should time ESPCs or other retrofit projects to occur in
tandem with triggers such as planned building renovations (for
aesthetic, energy, or disaster-recovery and resilience
purposes) or with the end of useful life for major building
equipment (e.g., HVAC equipment) (RMI 2016). The King
and Brickell Federal Buildings’ ESPC was timed with planned
HVAC equipment replacement, allowing for the ESCO to
downsize new HVAC equipment by 8% and for the GSA to
contribute $2.2 million in appropriated funding toward the
ESPC (RMI 2015a). Combining projects and replacing equip-
ment on a schedule can save project costs and time, reduce
facility downtime, and add energy benefits to a planned project
within a building’s life cycle. This concept is explored in more
detail in the subsection entitled “Achieve Deep-Over-Time
Energy Savings.”

Figure 3 Energy savings by project for the GSA NDER program (RMI 2015c).
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Notice of Opportunity and Contractor Selection

Manage Risk During Selection. Agencies should avoid
extending contractor competition (and higher perceived risk)
far into project development. It is recommended that agencies
attempt to downselect to a single ESCO after a qualifications-
based notice of opportunity (NOO) response rather than
engage in a competitive preliminary assessment (PA) where
several ESCOs deliver preliminary assessments. Although
greater competition can be perceived as delivering better
results, a fair, qualifications-based process that downselects to
a single ESCO for the PA can unencumber the selected ESCO,
which no longer feels the need to hedge the development risk
of not moving forward to the investment grade audit (IGA) and
task order (TO) award. This has the added benefit of reducing
agency review time and shortening the procurement timeline
(Shonder 2014).

Set Clear and Aggressive Long-Term Energy Goals
from the Outset. Agencies should reinforce project energy
reduction goals (and other goals, like water reductions) with
clear targets. These goals can take many forms, but energy use
intensity (EUI, a measure of energy consumption per square
foot of building space) or total building energy consumption
are recommended as clear and measurable targets. Setting
goals and demonstrating that agency leadership supports these
goals will often instill ESCO confidence in aggressive project
goals and yield more creative results. It is crucial that the full
life cycle of the building, including long-term maintenance
considerations and planned change of use, are considered
when developing these goals. For example, the Army has seen
deeper energy savings as a result of its net zero (energy, waste,
and water) installation goals. At Fort Buchanan, an installation
with net zero energy and water goals, a multiphase ESPC has
resulted in 53% energy and 70% water savings, with continued
progress expected in the future (RMI 2015a).

Preliminary Assessment and
Investment Grade Audit

Engage All Stakeholders Early and Often. ESCOs and
agencies should work together to engage the proper stakehold-
ers early and often. This should begin with a collaborative
stakeholder mapping exercise in which the ESCO and agency
determine which agency personnel need to be involved or
informed during key processes, reviews, and decisions
throughout the project. Then, the ESCO should kick off the
project with a collaborative design charrette that assembles all
stakeholder groups—from the agency decision-makers, legal
and procurement personnel, and facility management person-
nel to site personnel such as occupant representatives and
O&M staff—who could provide a balanced perspective of the
site’s needs. The personnel types shown in Figure 4 should be
considered for such events. The key goal of the design char-
rette is to clearly define project roles, responsibilities, desired
outcomes, concerns, and recommendations. This should be
followed by open communication between the ESCO and
appropriate personnel throughout the PA and IGA phases of

the project. The better informed stakeholders are, the more
supportive they will be, especially when taking on the new
concept of a DER.

Both agency and ESCO personnel should also utilize the
project contracting officer, technical resources, and FEMP’s
project facilitators and project executives. These resources
should drive the ESCO and the agency toward the best holistic
and deep energy solution for the building.

Audit and ECM Development that Supports Integra-
tive, Holistic Design. ESCOs should expand their PA audits to
uncover a building’s maximum energy savings potential, and
agencies should support a PA report that offers deeper energy
savings than what is expected from an average ESPC project.
ESCOs can propose deeper energy savings by looking beyond
surface-level building potential—they should consider the
ages, conditions, and capacities of building systems in addi-
tion to the energy interactions between these systems. 

An integrated approach can uncover interactive system
energy and capital cost savings by first considering load reduc-
tion strategies then bundling them with equipment replace-
ment and downsizing opportunities to drive capital cost
savings, increase system efficiencies, decrease O&M costs,
and compound energy savings. Considering these measures as
part of a bundle (rather than as stand-alone measures) will
demonstrate the true value that these measures bring in combi-
nation. For example, with the New Carrollton Federal Build-
ing ESPC, the ESCO uncovered significant load reduction
opportunities early in the project, including the retrofit of

Figure 4 A possible energy team structure for a successful
and collaborative DER project (EPA n.d.).
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existing lighting fixtures to high-efficiency LEDs. By first
addressing building loads like lighting, the team was able to
reduce the chiller’s cooling capacity by over 40%, resulting in
a downsizing and capital cost reduction opportunity for the
central chilled-water system and greater overall value for the
project (RMI 2015a). 

Retain Bundles and Allow for a 25-Year Maximum
Contract Term. In communicating their desire for deep
energy savings, agencies should also clearly communicate an
acceptance of projects that approach the 25-year maximum
contract term. Statute allows for a contract term of up to 25
years, which applies broadly to federal ESPC contracts. EISA
specifically prohibits policies that limit the maximum contract
term to a period below 25 years, but artificially low contract
term limits (e.g., 10, 15, or 20 years) are still sometimes
requested (even if not formally), which will prevent any proj-
ect from achieving its full DER potential. Encouraging longer
contract terms can enhance a project’s value by incorporating
more substantial energy improvements, such as full HVAC
system replacements. This can also allow for costly building
infrastructure replacements with a long payback that agencies
could otherwise not afford through appropriated funding (e.g.,
building roof replacement).

In reviewing the PA and IGA reports, agencies should
consider the payback and value of whole bundles of ECMs
rather than pulling out individual measures. Separating
measures from bundles can significantly hinder project
economics and eliminate much of the proposed value of the
project to the government. For example, expensive building-
envelope measures like roof replacements could work in
harmony with HVAC system replacements and other measures
to drive deep HVAC load reductions which, in turn, reduce the
size, capital costs, and energy consumption of the HVAC
equipment installed. Considering longer-payback ECMs
alone could compromise their viability as part of the project.
Conversely, only considering fast-payback load reduction
measures could unintentionally make the HVAC system
replacement more expensive and/or financially unfeasible as a
stand-alone measure in the future.

Gather Good Data; Set Expectations. Agencies should
obtain and provide as much data as possible for the ESCO at
the outset of the project (during the PA kickoff at the latest).
Data that is correct and detailed can save time for the ESCO
and agency, result in more accurate energy savings and cost
estimates early in the project, and help the agency manage its
assets and energy consumption in the future. At a minimum,
this data should include two to three years of utility informa-
tion (energy, water, sewer, and other bills, including rate struc-
tures), prior energy studies, ongoing contract costs and scopes
for O&M or energy services, requirements for contractor secu-
rity clearances, and information on recent, concurrent, or near-
term improvements to the building or changes in occupancy
that could affect the energy use of the building (Shonder
2014). 

Use Appropriated Funds to Drive Greater DER Value.
Although it is challenging to identify when and how much
appropriated funding will become available, agencies and
ESCOs should always have a plan to use appropriated funding
to drive greater value in ESPC projects. Should appropriated
funding become available, ESCOs and agencies can plan to
incorporate long-payback measures and infrastructure
improvements to increase a project’s value. If time or other
constraints prevent the inclusion of more measures, a second-
ary solution is to use appropriated funding to buy down project
costs and reduce the contract term. Using appropriated funds
to drive greater DER value is a critical and currently underuti-
lized opportunity.

Construction, Occupancy, and Verification

Balance Risk with Measurement and Verification.
Agencies and ESCOs should consider the risks and benefits of
various measurement and verification (M&V) strategies, and
these should be discussed from the time that ECMs are
proposed during the PA or IGA phase. International Perfor-
mance Measurement and Verification Protocol® (IPMVP®)
M&V Option C (FEMP 2015) should be considered for proj-
ects that generate substantial and holistic savings that cut
across multiple systems (e.g., HVAC and building envelope
ECMs). Option C is a whole-facility-level or sub-facility-level
measurement that can account for more holistic retrofits when
compared with other M&V options. In order to fully balance
risk, Option C can be used for one to three years, with a subse-
quent transition to a cheaper and lower-risk M&V option. By
using Option C for these types of projects, stakeholders are
able to more clearly see the direct impact on their utility bills
(Avina and Shonder 2013).

Share Project Successes and Lessons Learned through
Case Studies. Case studies are very helpful in an industry
where precedent can justify new and forward-leaning ESPC
practices that support DERs. When agencies and ESCOs take
on the risk of testing a new ESPC approach or technology, they
should share their successes to help the industry raise the
ESPC standard and share their failures to help others learn
from and ultimately overcome potential roadblocks. Several
case studies are available in Deep Energy Retrofits Using
Energy Savings Performance Contracts: Success Stories
(RMI 2015a).

BEYOND BEST PRACTICES

The GSA’s NDER program, the Army, FEMP, DLA
Energy, and others have worked well to exemplify ESPC
process best practices for driving deep energy savings. This
section aims to continue this trajectory by pushing the leading
edge of federal ESPCs further and enabling deeper levels of
energy savings. Some of these concepts suggest specific areas
for improvement within the ESPC process, but they all remain
flexible to meet the legal, regulatory, and logistical hurdles
that often constrain ESPC projects.
62 ASHRAE Transactions
Published in ASHRAE Transactions, Volume 123, Part 1



Develop a Long-Term Energy Master Plan before 
Soliciting Future Energy Projects

Agencies should make the most of audits, including the
periodic energy audits on critical facilities that are required
every four years under Section 432 of EISA, by requesting key
information that enables long-term master planning of the
building. With this information, the long-term master plan for
the building can be assembled and periodically updated to
guide energy-savings projects for years to come. Key infor-
mation includes asset conditions, planned future upgrades,
and control system condition and meter calibration; a full list
is available in Deep Energy Retrofit Request for Proposals
(RFP) Guidance (AIA 2016). This information can determine
ideal intervention points and consider the interactive effects
between projects along this road map to ensure that future
intervention points are not mitigated by uncoordinated short-
term projects. 

Envision Net-Zero-Energy-Ready Scenarios

Agency energy goals can be reinforced and strengthened
if ESCOs are asked to propose a net-zero-energy-ready
scenario for a building early in the process. This can be
achieved by asking ESCOs to propose such a scenario as part
of the PA submission. This scenario would completely maxi-
mize building energy efficiency reductions within the 25-year
contract term to a point where the remaining energy consump-
tion could readily be offset by on-site renewables. This
scenario would also include an evaluation of renewable energy
site potential and a preliminary proposal for an energy services
agreement (ESA) that can be included as part of the ESPC,
where consistent with agency authority. 

Requiring that ESCOs push the bounds of ESPC projects
toward net zero energy should lead to more creative and
comprehensive bundles of ECMs that might not have been
uncovered in a business-as-usual ESPC development
scenario. Incorporating an ESA proposal further provides the
agency with an estimate of the cost of on-site renewable
energy generation. Agencies should incorporate ESAs that
come in at or below grid electricity prices and should consider
ESAs with a slight cost premium if they help to achieve agency
energy goals. Even if some aspects of the net zero energy
scenario are ultimately deemed unviable by the agency, the
process should improve the implementable solution that the
ESCO proposes and refines during the IGA, while showing the
ESCO that the agency is committed to the deep energy
savings, renewable energy production, and ultimate net zero
energy goals outlined in EO 13693.

Include Occupant Behavior and Operations and 
Maintenance Savings

Occupant behavior programs are effective, low-cost
insurance policies against savings losses and can provide
significant, sustained savings. Metering and submetering
associated with informative plaques and real-time displays
provide invaluable information to reduce energy use and

inform and motivate occupants. Projects should strive to incor-
porate occupant behavior savings into ECM bundles wherever
possible to ensure that occupant-controlled loads are
adequately addressed and sustained by the ESPC. 

Operation and maintenance should be included as part of
an ESPC contract when the ESCO has demonstrated that the
proposed project will reduce O&M costs and that they can
competently deliver O&M services. Having the ESCO
involved in the facility over time should maintain ESPC proj-
ect energy savings, uncover new savings and ongoing
improvement opportunities, and support deep-over-time
energy savings. When implementing this longer-term rela-
tionship, it is crucial that the facility management team be
incorporated early in the project and that a strong relation-
ship be developed between the building and ESCO O&M
staffs while implementing and managing day-to-day tuning
and operational changes.

Capturing O&M savings in an ESPC is typically seen as
a benefit to agencies and ESCOs, as these savings can help to
pay for additional ECMs. However, modifying or replacing
existing O&M contracts to align with ESPCs can conflict with
internal goals, such as small business contracting require-
ments and any federal requirements to recompete O&M
contracts during the term of an ESPC. While solutions to this
issue vary, agencies should seek greater alignment between
upcoming ESPCs and O&M contracts to provide ESCOs with
a fair opportunity to leverage the benefits inherent in incorpo-
rating O&M in ESPCs. 

Achieve Deep-Over-Time Energy Savings

Many of these crucial concepts underlying a successful
building life-cycle approach to DERs or net zero energy can be
delivered using a deep-over-time (DOT) process. A DOT
process unlocks energy savings over time in order to maximize
cost-effectiveness and overall energy savings by logically
combining energy projects with other events in a building’s
life cycle. This process links iterative optimization and load
reduction measures together to lay the foundation for complet-
ing a DER when a trigger, or a key building energy milestone
such as major equipment replacement or change of space use,
emerges. This long-term approach relies on having a building
energy master plan, which provides a road map of ECMs and
projects that align with these triggers. This master plan should
be informed, procured, and managed by the building owner
agency, while the detailed analysis and design could be
performed by a third-party designer or planner.

The DOT process is fundamentally different than tradi-
tional energy retrofit projects like ESPCs that operate on a
tight time frame, but it can work in tandem with these projects
if they are appropriately planned. The traditional approach
creates a step change in building loads and is typically inde-
pendent of the timing of measures and interactions between
projects. As Figure 5 demonstrates, the DOT approach uses an
energy master plan as a framework to properly time load
reduction projects that lead to larger, well-timed retrofits that
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encompass major equipment upgrades. The DOT process and
the corresponding energy master plan can be a means to frame
a series of ESPC projects or multiple intended phases of a
single ESPC, leveraging the economic and logistical advan-
tages inherent in timing these projects. An ESCO may deliver
individual phases or a collection of phases or have an ongoing
role in the DOT energy master plan. While the ideal scenario
is to have a consistent contractor involved throughout the proj-
ect, this is not always possible due to contractual limitations,
timing, or other complications. 

Timing is essential to a cost-effective retrofit, as not every
building is ready for a deep retrofit. Often, it is not economi-
cally feasible to replace costly systems (e.g., an entire air-
handling system) and building components (e.g., windows) on
energy and maintenance savings alone. While the best practice
of bundling ECMs (detailed previously) should be used to
incorporate these large replacements in ESPC projects, these
measures can become much more economically attractive
when they are timed with the end of the useful life of equip-
ment to allow the owner to capitalize on the reduced equip-
ment sizes resulting from those ECMs (AIA 2016). Therefore,
it is crucial to determine where the building is in its life cycle
and what the building’s long-term energy master plan should
look like. Figure 6 illustrates a common path throughout a
building’s life cycle of achieving deep energy savings. The
following paragraphs define the phases shown in Figure 6.

Phase 1, Independent ECMs. Phase 1 informs the devel-
opment of an energy master plan and works to optimize exist-
ing systems. Available data are gathered through audits and
available meters on site. At the same time, existing control
systems are tuned and retrocommissioned to save energy and
gather information on the building’s operation. If sufficient
submetering is not in place on site, this is a prime opportunity
to install meters and better inform retrocommissioning oppor-
tunities.

Phase 2, Load Reduction ECMs. Phase 2 focuses on
projects that reduce the building’s heating and/or cooling

loads, such as building envelope improvements, lighting effi-
ciency upgrades, and plug-load energy reductions. The goal is
to affect any systems that affect the heating or cooling loads in
the building. For example, upgrading from T8 fluorescent
bulbs to light-emitting diode (LED) lighting reduces heat gain
and the resultant cooling loads for a given space, and sealing
drafty windows reduces heating and cooling loads in a given
space. The cumulative effect of these projects is the ability to
downsize major HVAC equipment when it is ripe for replace-
ment at the end of its useful life. Having an energy master plan
that includes these smaller, independent load reduction proj-
ects is crucial for having shovel-ready projects. These projects
are not dependent on triggers, so they can be implemented
whenever funding becomes available or when an energy proj-
ect is initiated, which adds confidence that the project fits
within the deep retrofit progression.

Phase 3, HVAC ECMs. Phase 3 begins when major
equipment nears the end of its useful life. Instead of replacing
equipment “like for like,” entire systems should be considered
for partial or full redesign. By doing this, systems can cost less
than (as a result of system downsizing and the load reduction
measures in phase 2) or about the same as a like-for-like
replacement, which would require similar expenses related to
a system overhaul. The combination of lower loads and a new
system that considers a whole-system redesign will deliver
powerful savings, particularly in buildings with outdated and
inefficient existing systems. Lower system sizes enabled by
load reduction and improved system design capture capital
and O&M cost savings from previous measures and provide a
strong return on investment for the entire DOT process. 

Phase 4, Maintain Performance. Phase 4 continues
throughout the building’s useful life to provide the greatest
long-term savings. It is crucial that O&M teams and building
occupants remain involved in phase transitions to ensure
continued performance. This phase for a typical building
considers only reacting to emerging issues, but, with a DOT

Figure 5 The progression of a deep-over-time process.
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process, it should be a much more active process to tune and
refine the building’s performance.

Incorporate Deep-Over-Time Concepts 
into Federal ESPCs

Deep-over-time retrofits can be executed through a series
of well-defined ESPCs that deliver on an overarching plan, as
demonstrated in Figure 7a, or through a longer ESPC relation-
ship where a single ESCO and owner build a long-term rela-
tionship to manage a long-term series of well-timed projects
(or project phases), as shown in Figure 7b. The second strategy
is preferred but could present contracting complications with
some agencies as it relates to competition requirements.
Within either contracting strategy, delivering an economical
DER relies on several basic tenets: creating an energy master
plan, building capacity reductions through successive load
reduction measures, and capitalizing on major equipment
replacement triggers.

No matter the contractual approach, it is crucial that all
team members buy into the holistic, long-term perspective this
approach requires. All parties need to consider longer-term
projects with longer-payback ECMs that require extended
relationships between the ESCO and agency while resulting in
greater value over time. The federal government would need
to determine the best mechanism for properly timing these
long-term engagements, whether it includes multiple ESPCs

over time; a single, longer multiphase contract; or a different
strategy altogether. Additionally, more resources will be
required in project planning to gather additional data and
engage all stakeholders. Balancing the many trade-offs
between DOT and current best practices can be difficult, but it
is important to keep in mind that even if the full DOT process
is not applied, the concepts of first focusing on load reduction
and responding to major triggers can be applied to many tradi-
tional projects.

Combine ESPC and Appropriated Funding to
Drive Projects Deeper 

Limited and constrained funding sources are driving
federal agencies to find innovative financing and contracting
models to deliver the most savings from every dollar spent.
ESPCs play a crucial role in providing agencies with energy
and water savings without appropriated capital funding from
Congress, but these projects cannot always leverage multiple
funding sources to drive greater energy savings. Agencies like
the GSA and the DoD have been exploring innovative
contracting and funding models that combine appropriated
funding with ESPCs to drive DERs in major renovation proj-
ects. These agencies have had some success in applying appro-
priated funding to ESPC projects, but there must be a common
understanding of legal issues before agencies can broadly

Figure 6 Building infrastructure investment phases, demonstrating energy savings captured through a series of timed inter-
ventions (AIA 2016).
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implement combined funding projects that include both
energy services and non-energy renovation projects.

Understanding the Opportunity. In order to maximize
the value of DERs, agencies need to both understand the
opportunity of pursuing a DER with combined funding
sources and be prepared to act when the timing is right. Devel-
oping an energy master plan, as suggested as part of a deep-
over-time process, is the key first step to understanding the
opportunities that a site may offer. It is crucial to have an inde-
pendent third party lay out the site’s energy master plan so that

the agency can have a neutral opinion that can inform requests
for appropriated funding and potential ESPC projects over
time. This energy master plan should be closely coordinated
with an energy capital investment plan, so that an agency can
be prepared to execute and fund energy-related projects appro-
priately as funding becomes available. Additionally, the
energy master plan should remain flexible to pursue combined
funding projects as energy-related funds become available.

Guidance and Legislation that Allow Combined
Funding. Existing guidance and legislation allow for combin-

(a)

(b)

Figure 7 Deep-over-time process that could be used (a) along with multiple ESPCs over time at a given facility or (b) with
fewer ESPCs or even a one-phased ESPC for a given facility.
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ing ESPCs with appropriated funding in situations where that
funding has been specifically designated for related projects,
where the appropriated funds are intended for energy-related
projects. DOE has guidelines regarding one-time payments
and one-time savings or cost avoidance in ESPCs that were
accepted by the Federal ESPC Steering Committee on Decem-
ber 5, 2006 and updated in January 2009 (FEMP 2009). These
guidelines explain how appropriated funds can be applied to
an ESPC and apply to projects that are solicited and awarded
as an ESPC. The law, 42 U.S.C. 8287 (GPO 2006), has a provi-
sion that allows for some appropriated funding to be applied
to an ESPC. This enabling legislation provides that ESPCs are
for the purpose of “achieving energy savings and benefits
ancillary to that purpose (p. 6588).” It also states that payments
to an ESCO “may be paid only from funds appropriated or
otherwise made available to the agency for fiscal year 1986 or
any fiscal year thereafter for the payment of energy, water, or
wastewater treatment expenses (and related operation and
maintenance expenses)” (p. 6591).

It is imperative that the appropriated funds that are going
to be applied to an ESPC are directly related to the energy
measures being executed by the ESCO. For example, if an
agency had funding available that was intended to replace
existing single-pane windows with slightly more efficient
double-pane windows, an ESCO, as part of an upcoming
ESPC, could finance the incremental cost of more advanced
triple-pane windows that will further reduce building loads.
The appropriated funding for the original window replace-
ment could be applied to the ESPC as a one-time payment,
which would drive greater value from the window replace-
ment through added energy savings and overall project cost-
effectiveness. This can result in an increased scope for the
ESPC project (or an opportunity for the agency to buy down
the ESPC contract term). If this project is timed with the trig-
ger of central HVAC system replacement, the reduced heating
and cooling loads from the triple-pane windows could allow a
less expensive, lower-capacity HVAC system replacement.
These synergistic approaches are what enable the 50% savings
achieved in deep retrofits (Shonder and Nasseri 2015).

Precedent for Combined Funding Projects. There are
several examples of successfully using combined funding
methods as part of a new construction or major renovation
project. In some key instances, projects have been able to
leverage combined funding to drive new construction or major
renovation projects toward their energy savings potential. 

The Federal Research Center at White Oak (FRCWO)
project is a prime example of this. By combining ESPC fund-
ing with a new construction project, the GSA was able to free
up over $200 million of planned capital funding that could be
reapplied to meet the functional requirements of the key tenant
at FRCWO, the U.S. Food and Drug Administration (FDA).
This required extensive collaboration between the GSA, the
ESCO, the FDA, the DOE (project facilitator), and the archi-
tecture and engineering firm to increase project scope without
increasing costs to the government or the taxpayer. The

FRCWO project, once complete, will be a state-of-the-art,
3.9 million square foot, $1.5 billion office and laboratory
compound for the FDA (Smith 2011). The biggest lesson
learned from this project thus far was that if the appropriated
funding had been identified earlier in the design process, the
designs could have incorporated greater energy savings and
the construction process could have been better coordinated
between all of the key stakeholders. Early information and
planning is critical and necessary to fully leverage combined
funding.

A similar trajectory is being planned for the Intelligence
Community Campus (ICC) in Bethesda, Maryland. The ICC is a
major campus redevelopment project that is also targeting
improvements in campus energy efficiency and energy security.
With a shortfall in appropriated funding, the project team decided
to combine UESC funding with appropriations, which are
expected to keep the project on schedule (due to earlier availabil-
ity of third-party funds) and within its construction budget while
delivering on its energy goals. The multiphase ICC project is
ongoing and is expected to successfully implement combined
funding methods to achieve its energy goals (Wheeler et al. 2015).

Timing is Key. The alignment of the work being
performed by the ESCO with the arrival of appropriated fund-
ing that could be applied to the ESPC is critical. One key chal-
lenge faced by the Army is that, for any given installation, it
is not always certain which appropriations will be approved
until Congress takes action to approve budgets, which can take
place three to six months into a fiscal year. If an ESCO
performing work at a given installation is made aware of the
energy-related items included in the budget, the ESCO could
more deliberately evaluate additional ECMs that could be
implemented if the budget is approved and the installation
receives the funding. However, there is added development
risk for the ESCO and schedule risk for both parties if the
ESPC needs to move forward before the funding is received.
If the funding does not come through, the applicable ECMs
would need to be removed from the project if they cannot be
paid for as part of the stand-alone ESPC.

Challenges in Combining Energy and Non-Energy
Projects. While a combined funding approach can deliver
deeper savings on limited budgets, there are several barriers
preventing broad implementation. In federal contracts, ESPCs
can only be paid from the savings that are generated from work
that is executed as part of the ESPC. When an installation
receives appropriated funding for an SRM project, that project
is supposed to be solicited based on the rules in the Federal
Acquisition Regulations (FAR) (GSA 2005). This process can,
but does not currently, consider the potential to combine an
ESPC effort with the SRM funding that could be used for
related (energy-related) projects. If there were no relationship
between the ESPC projects and the funded project, the FAR
would prevail and the non-energy related scope would need to
be solicited separately from the ESPC efforts.

Soliciting the non-energy related scope separately from
the ESPC efforts complicates the project’s efforts. From a
ASHRAE Transactions 67
Published in ASHRAE Transactions, Volume 123, Part 1



logistical standpoint, having two or more contractors on site
that are implementing closely intertwined scopes adds
complexity to project implementation. Client teams would
need to coordinate two contractors with different contracts,
schedules, subcontractors, and scopes to work together in the
same space at the same time, without adversely impacting the
project as a whole. 

The major legal limitation is not necessarily identifying
what scope can be performed by the ESCO under an ESPC.
The legal limitation relates to whether or not an agency can
advertise a funded project as an ESPC because, by law, ESPCs
are third-party-financed arrangements. Generally, an ESCO
may only perform energy- or water-related conservation
measures and related ancillary construction (such as concrete
pads under and enclosures around equipment) and O&M
work. If a funded project is solicited to an ESCO group, it is
likely that the contract community that normally bids those
types of projects would protest that the work is not ESPC
work. However, current rules allow an ESCO that is perform-
ing related work to use funding as a one-time payment (for
agency cost avoidance) if the funding becomes available to use
during the right stage of ESPC development. However, the
challenge of timing remains significant. Early communication
and awareness at an agency or installation regarding projects
that could build upon each other to achieve savings is key, but
there is always an underlying risk that planned funding will not
be made available.

Potential Contractor Arrangements. As described
previously, there are challenges associated with having sepa-
rate contractors working on the respective energy and non-
energy project scopes. Collaboration between several contrac-
tors on one larger project could take many forms. In one
instance, an ESCO could serve as a subcontractor to a prime
contractor, like a general contractor, delivering non-energy
services as part of the SRM project. In this scenario, the
agency would not have any privity with the subcontractor, so
they would have to work through the prime contractor. Also,
the agency’s relationship with the prime contractor would
likely be awarded as a construction contract, an O&M
contract, or a service contract, which could include some
construction effort. Those types of contracts would be subject
to the FAR and can generally be in place for only five years.
This would prevent the agency and the ESCO from benefiting
from a longer-term partnership of up to a 25-year contract
term, which is necessary to deliver substantial energy savings
as part of a DER. There are no regulations in place that can
bridge the gap of the agency’s ability to work with the subcon-
tractor.

There are also challenges if the ESCO is the prime
contractor and the agency is trying to incorporate the SRM
project or project funding with the ESCO work. There has
been ongoing discussion to evaluate methods that could be
used where an ESCO is in place and has the potential to add
value to SRM work. One potential option is for the ESCO to
provide equipment to a prime contractor as government

furnished equipment. There are several challenges with how
this could transpire, since the SRM contract assumes that the
funding covers the entire project (including energy and non-
energy scopes). The ESCO and an SRM contractor would have
to work out the specific arrangements that would allow for this
to happen—ensuring that neither contractor performs work
outside the scope of their respective contracts. There could
also be challenges during the operation phase of the ESPC if
the ESCO alleges that the provided equipment was damaged
or not properly installed by the SRM contractor and that this
is the reason that savings are not being realized. So, there are
many challenges when separate contractors are hired to
perform related energy and non-energy work on an SRM or
similar project.

In summary, there are legal issues with how a contract can
be structured to comply with 42 U.S.C. 8287 and not violate
the FAR if appropriated funds are anticipated to be available
at the time of contract award. There are privity-of-contract
issues if the ESCO is a subcontractor to a prime on an SRM
project, which inhibits the agency’s ability to accept a compre-
hensive ESPC project from the prime. There are also issues
with an ESCO performing work that is not energy work. Some
limited non-energy work could be allowed, but substantial
non-energy-related work performed by the ESCO or a subcon-
tractor to the ESCO would not be allowed. So, it is critical that,
if there is a potential project that could achieve greater savings
using the DER concept, the team evaluating that project knows
and understands the procurement rules, clearly delineates the
energy and non-energy scopes, and works closely with their
legal team to bring the greatest value to the ESPC project. 

CONCLUSION

Deep energy retrofits have the power to deliver on federal
energy mandates and transform the federal energy sector
working with the resources available to the government today.
ESPCs can more than double average energy savings by delib-
erately and consistently employing the best practices exem-
plified by GSA NDER, the Army, FEMP, and others. Agencies
should continue building on best practices to push the sector
to new levels of energy performance.

A deep-over-time approach should be adopted by federal
agencies to ensure that all energy renovation projects in a
given facility are executed under a cohesive, long-term energy
master plan that delivers greater collective impact than
isolated energy conservation measures. By developing an
energy master plan that optimizes existing systems, reduces
loads, replaces major systems, and maintains performance (in
that order), agencies can gain more long-term value from each
investment in their buildings.

Maximizing existing funding streams is also critical to
driving more value from the taxpayer dollar. ESPCs and
appropriated funding can each deliver DER projects inde-
pendently but, if combined, they can increase the rate and
depth of DER projects. Combining funding streams is not
without its challenges, and the framework put forth by this
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paper lays out the legal limitations of combined funding struc-
tures as they exist today.

REFERENCES

AIA. 2016. Deep energy retrofit request for proposals (RFP)
guidance. Washington, DC: American Institute of
Architects, with Rocky Mountain Institute (RMI) and
Building Owners and Managers Association Interna-
tional (BOMA). http://aiad8.prod.acquia-sites.com/
sites/default/files/2016-04/Deep-Energy-Retrofit-RFP-
Guidelines.pdf.

American Recovery and Reinvestment Act of 2009. Public
Law 111-5, 123 Stat. 115, 516 (Feb. 19, 2009). https://
www.congress.gov/bill/111th-congress/house-bill/1.
Accessed December 8, 2016.

Architecture 2030. 2013. Why the building sector? Santa Fe,
NM: Architecture 2030. http://architecture2030.org/
buildings_problem_why/. Accessed August 7, 2016.

Avina, J., and J. Shonder. 2013. New directions in measure-
ment and verification for performance contracts. Pre-
sented at the World Energy Engineering Congress,
Washington, DC, September 25–27.

Bendewald, M., R. Hutchinson, S. Muldavin, and R. Torbert.
2014. How to calculate and present deep retrofit value.
Boulder, CO: Rocky Mountain Institute.

Chang, R., S. Hayter, E. Hotchkiss, S. Pless, J. Sielcken, and
C. Smith-Larney. 2014. Aspinall Courthouse: GSA’s
Historic Preservation and Net-Zero Renovation.
Golden, CO: National Renewable Energy Laboratory
and General Services Administration.

Designalmic. 2013. The new Deutsche Bank towers in
Frankfurt / Mario Bellini Architects and GMP Architek-
ten. http://designalmic.com/the-new-deutsche-bank-
towers-in-frankfurt-mario-bellini-architects-gmp-
architekten. Accessed August 7, 2016.

DoD. 2015. DoD releases report on security implications of
climate change. DoD News, Defense Media Activity.
Washington, DC: U.S. Department of Defense. http://
www.defense.gov/News-Article-View/Article/612710.
Accessed August 7, 2016.

DOE. 2016a. Energy savings performance contracts for fed-
eral agencies. Washington, DC: U.S. Department of
Energy. http://energy.gov/eere/femp/energy-savings-
performance-contracts-federal-agencies. Accessed
August 7, 2016.

DOE. 2016b. Presidential performance contracting chal-
lenge: Performance toward new $4 billion goal. Wash-
ington, DC: U.S. Department of Energy. http://
energy.gov/eere/femp/downloads/presidential-
performance-contracting-challenge-performance-
toward-new-4-billion. Accessed August 7, 2016.

Donovan, S. 2015. In ongoing response to Hurricane Sandy,
we must remain focused on climate change’s long-term
impacts. Washington, DC: The White House. https://
www.whitehouse.gov/blog/2015/10/29/ongoing-

response-hurricane-sandy-we-must-remain-focused-
climate-changes-long-term. Accessed August 7, 2016.

EERE. 2011. Buildings energy data book. Washington, DC:
U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy. http://buildingsdata-
book.eren.doe.gov/.

EERE. 2016. About federal energy savings performance
contracts. Washington, DC: U.S. Department of Energy,
Office of Energy Efficiency and Renewable Energy.
http://energy.gov/eere/femp/about-federal-energy-
savings-performance-contracts. Accessed August 7,
2016. 

EIA. 2012. Commercial building energy consumption survey
(CBECS). Washington, DC: U.S. Energy Information
Administration. http://www.eia.gov/consumption/
commercial/data/2012/#b3. Accessed August 7, 2016.

Energy Independence and Security Act of 2007. Public Law
110-140. 110th Congress. https://www.congress.gov/
bill/110th-congress/house-bill/6/text. Accessed Novem-
ber 10, 2016.

EPA. n.d. Teaming up to save energy. Washington, DC: U.S.
Environmental Protection Agency. https://www.ener-
gystar.gov/ia/business/guidelines/continuous_improve
ment/Teaming_Up_To_Save_Energy.pdf. Accessed
August 7, 2016.

FEMP. 2009. Practical guide to savings and payments in
FEMP ESPC task orders. U.S. Department of Energy
Federal Energy Management Program. https://
energy.gov/sites/prod/files/2013/10/f3/pract-
guide_sav_paymnts.pdf.

FEMP. 2015. M&V guidelines: Measurement and verifica-
tion for performance-based contracts. Washington, DC:
U.S. Department of Energy Federal Energy Manage-
ment Program. https://energy.gov/sites/prod/files/2016/
01/f28/mv_guide_4_0.pdf.

FEMP. 2016. Best practices and lessons learned for federal
agency ESPC projects. Washington, DC: U.S. Depart-
ment of Energy, Office of Energy Efficiency and
Renewable Energy, Federal Energy Management Pro-
gram. http://energy.gov/eere/femp/downloads/best-prac-
tices-and-lessons-learned-federal-agency-espc-projects.
Accessed August 7, 2016.

Fowler, K.M., E.M. Rauch, J.W. Henderson, and A.R. Kora.
2011. Re-assessing green building performance: A post-
occupancy evaluation of 22 GSA buildings. Report
PNNL-19369. Richland, WA: Pacific Northwest
National Laboratory. 

GPO. 2006. Section 8287, Authority to enter into contracts.
Subchapter VII, Energy Savings Performance Contracts.
Chapter 91, National Energy Conservation Policy. Title
42, The Public Health and Welfare. United States Code.
Washington, DC: U.S. Government Publishing Office.
https://www.gpo.gov/fdsys/pkg/USCODE-2010-title42/
pdf/USCODE-2010-title42-chap91-subchapVII.pdf7. 
ASHRAE Transactions 69
Published in ASHRAE Transactions, Volume 123, Part 1

http://energy.gov/eere/femp/energy-savings-performance-contracts-federal-agencies
https://www.energystar.gov/ia/business/guidelines/continuous_improvement/Teaming_Up_To_Save_Energy.pdf
http://architecture2030.org/buildings_problem_why/
http://designalmic.com/the-new-deutsche-bank-towers-in-frankfurt-mario-bellini-architects-gmp-architekten
http://energy.gov/eere/femp/downloads/best-practices-and-lessons-learned-federal-agency-espc-projects
http://www.defense.gov/News-Article-View/Article/612710
http://www.defense.gov/News-Article-View/Article/612710
http://www.defense.gov/News-Article-View/Article/612710
http://energy.gov/eere/femp/about-federal-energy-savings-performance-contracts
http://energy.gov/eere/femp/downloads/presidential-performance-contracting-challenge-performance-toward-new-4-billion
https://www.whitehouse.gov/blog/2015/10/29/ongoing-response-hurricane-sandy-we-must-remain-focused-climate-changes-long-term
https://www.whitehouse.gov/blog/2015/10/29/ongoing-response-hurricane-sandy-we-must-remain-focused-climate-changes-long-term


GSA. 2005. Federal acquisition regulation (FAR). Volume
1, Parts 1 to 51. https://www.acquisition.gov/sites/
default/files/current/far/pdf/FAR.pdf.

GSA. 2016a. FY 2015 state of the portfolio snapshot. Wash-
ington, DC: U.S. General Services Administration.
http://www.gsa.gov/portal/mediaId/125130/fileName/
FY_2015_State_of_the_Portfolio_Snapshot.action.
Accessed August 7, 2016. 

GSA. 2016b. Office of federal high performance green build-
ings. Washington, DC: U.S. General Services Adminis-
tration. http://www.gsa.gov/portal/content/229633.
Accessed August 7, 2016.

IEA. Forthcoming. Energy conservation in buildings and
community systems, Annex 61, A prescriptive guide to
achieve significant energy use reduction with major ren-
ovation projects. Paris: International Energy Agency.

Nalewaik, A., and V. Venters. 2009. Cost benefits of building
green. Cost Engineering 51(2):28–34.

National Academies. 2012. Disaster resilience: A national
imperative. Washington, DC: The National Academies
Press.

Shonder, J. 2014. Energy savings from GSA’s National Deep
Energy Retrofit program. Report ORNL/TM-2014/401.
Oak Ridge, TN: Oak Ridge National Laboratory.

Shonder, J., and C. Nasseri. 2015. Achieving deeper savings
in federal energy savings performance contracts.
ASHRAE Transactions 121(1).

Smith, P. 2011. Energy savings performance contracting +
New construction + Micro grid = Energy security at
White Oak. Proceedings of the 2011 World Energy
Engineering Congress, 20.

RMI. 2015a. Deep energy retrofits using energy savings per-
formance contracts: Success stories. Boulder, CO:
Rocky Mountain Institute.

RMI. 2015b. Energy efficiency and net-zero buildings: GSA
& RMI answer the call. Boulder, CO: Rocky Mountain
Institute.

RMI. 2015c. The path to a deep energy retrofit. Boulder, CO:
Rocky Mountain Institute.

RMI. 2016. Specifying triggers. Boulder, CO: Rocky Moun-
tain Institute. http://www.rmi.org/retrofit_depot_101
_specifying_triggers. Accessed August 7, 2016. 

WEC. 2016. World energy issues monitor 2016. London,
UK: World Energy Council. https://www.worlden-
ergy.org/publications/2016/world-energy-issues-moni-
tor-2016/. Accessed December 8, 2016.

Wheeler, M., E. James, P.L. Smith, and L. Ayala. 2015.
Extending the reach of campus renovation through com-
bined financing. ASHRAE Transactions 121(1).

White House. 2013a. Presidential Policy Directive/PPD-21:
Critical infrastructure security and resilience. Washing-
ton, DC: Office of the Press Secretary, White House.

White House. 2013b. Executive Order 13653 of November 1,
2013, Preparing the United States for the Impacts of Cli-
mate Change. Washington, DC: Office of the Press Sec-
retary, White House. https://www.whitehouse.gov/the-
press-office/2013/11/01/executive-order-preparing-
united-states-impacts-climate-change. Accessed
December 8, 2016.

White House. 2015. Executive Order 13693 of March 19,
2015, Planning for Federal Sustainability in the Next
Decade. Washington, DC: Office of the Press Secretary,
White House. https://www.whitehouse.gov/the-press-
office/2015/03/19/executive-order-planning-federal-
sustainability-next-decade. Accessed December 8,
2016.
70 ASHRAE Transactions
Published in ASHRAE Transactions, Volume 123, Part 1

http://www.gsa.gov/portal/mediaId/125130/fileName/FY_2015_State_of_the_Portfolio_Snapshot.action
http://www.gsa.gov/portal/content/229633
http://www.rmi.org/retrofit_depot_101_specifying_triggers

	Introduction
	The Value of Deep Energy Retrofits to the Federal Government
	What is a Deep Energy Retrofit?
	What is the Value of a Deep Energy Retrofit?
	Figure 1 The direct and indirect cost savings of a DER estimated based on industry reports and studies (RMI 2015c).


	FUNDING DER PROJECTS
	Appropriated Funding (Public Funding)
	Performance Contracting (Private Funding)
	Figure 2 A typical federal ESPC project structure (EERE 2016).

	Combined Funding (Public and Private Funding)

	GSA’s National Deep Energy Retrofit Program
	GSA NDER Approach
	Figure 3 Energy savings by project for the GSA NDER program (RMI 2015c).


	Best Practices: Building on DER Successes
	Preplanning and Project Initiation
	Notice of Opportunity and Contractor Selection
	Preliminary Assessment and Investment Grade Audit
	Figure 4 A possible energy team structure for a successful and collaborative DER project (EPA n.d.).

	Construction, Occupancy, and Verification

	Beyond Best Practices
	Develop a Long-Term Energy Master Plan before Soliciting Future Energy Projects
	Envision Net-Zero-Energy-Ready Scenarios
	Include Occupant Behavior and Operations and Maintenance Savings
	Achieve Deep-Over-Time Energy Savings
	Figure 5 The progression of a deep-over-time process.
	Figure 6 Building infrastructure investment phases, demonstrating energy savings captured through a series of timed interventions (AIA 2016).

	Incorporate Deep-Over-Time Concepts into Federal ESPCs
	Figure 7 Deep-over-time process that could be used (a) along with multiple ESPCs over time at a given facility or (b) with fewer ESPCs or even a one-phased ESPC for a given facility.

	Combine ESPC and Appropriated Funding to Drive Projects Deeper

	Conclusion
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-Italic
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeDevanagari-Bold
    /AdobeDevanagari-BoldItalic
    /AdobeDevanagari-Italic
    /AdobeDevanagari-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeNaskh-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /AirConditioner
    /AkzidenzGroteskBE-BoldCn
    /AlbertusExtraBold
    /AlbertusMedium
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Algerian
    /AllegroBT-Regular
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Annifont
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Architecture-Normal
    /ARDS1
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /Arnprior
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BacktoBay6Regular
    /BakerSignet
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BaskOldFace
    /Bastard
    /Batang
    /BatangChe
    /BauerBodoniBT-Black
    /BauerBodoniBT-BlackCondensed
    /BauerBodoniBT-BlackItalic
    /BauerBodoniBT-Bold
    /BauerBodoniBT-BoldCondensed
    /BauerBodoniBT-BoldItalic
    /BauerBodoniBT-Italic
    /BauerBodoniBT-Roman
    /BauerBodoniBT-Titling
    /Bauhaus93
    /Baveuse
    /BelchingUpSalisburySteak
    /BellaDonna
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BermudaLP-Squiggle
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModern-Bold
    /BernhardModern-BoldItalic
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModern-Italic
    /BernhardModern-Roman
    /Berylium
    /Berylium-BoldItalic
    /BeverlyHillsCop
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /Biondi
    /Biondi-Light
    /Birch
    /BirchStd
    /BitstreamVeraSans-Bold
    /BitstreamVeraSans-BoldOblique
    /BitstreamVeraSans-Oblique
    /BitstreamVeraSans-Roman
    /BlackadderITC-Regular
    /Blackoak
    /BlackoakStd
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BodoniStd-Bold
    /BodoniStd-BoldItalic
    /BodoniStd-Book
    /BodoniStd-BookItalic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrokenWing
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /Brush445BT-Regular
    /Brush738BT-RegularA
    /BrushScriptBT-Regular
    /BrushScriptMT
    /BrushScriptStd
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CarbonBlock
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOldFaceBT-Heavy
    /CaslonOldFaceBT-Italic
    /CaslonOldFaceBT-Roman
    /Castellar
    /CastleT-Bold
    /CastleT-Book
    /CastleT-Ligh
    /CastleT-Ultr
    /CatharsisRequiem
    /CatharsisRequiemBold
    /CatholicSchoolGirlsIntlBB
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /Centaur
    /Century
    /Century725BT-Black
    /Century725BT-Bold
    /Century725BT-BoldCondensed
    /Century725BT-Italic
    /Century725BT-Roman
    /Century725BT-RomanCondensed
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chaparral-Display
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-LightIt
    /ChaparralPro-Regular
    /Charlemagne-Bold
    /Charlemagne-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /Charting
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /ChromosomeLight
    /Cipher
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-BoldCondensed
    /ClarendonBT-Heavy
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /ClarendonBT-RomanCondensed
    /ClassicalSans-BoldCond-DTC
    /ClassicalSans-Bold-DTC
    /ClassicalSans-BoldIta-DTC
    /ClassicalSans-Cond-DTC
    /ClassicalSans-ExBdCond-DTC
    /ClassicalSans-ExBold-DTC
    /ClassicalSans-ExCond-DTC
    /ClassicalSans-Light-DTC
    /ClassicalSans-LightIta-DTC
    /ClassicalSans-MedIta-DTC
    /ClassicalSans-Medium-DTC
    /ClassicalSans-RegIta-DTC
    /ClassicalSans-Regular-DTC
    /ClassicalSans-UltBdCnd-DTC
    /ClassicalSans-UltBold-DTC
    /Clocks
    /ColonnaMT
    /ColourBrush
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CooperBT-Black
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-BlackItalicHeadline
    /CooperBT-BlackOutline
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /Cutout
    /DadsRecipe
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DistrictThin
    /DokChampa
    /Dotum
    /DotumChe
    /DroidSans
    /DroidSans-Bold
    /DumpsterDiver
    /Dutch766BT-BoldA
    /Dutch766BT-ItalicA
    /Dutch766BT-RomanA
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-ExtraBoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-ItalicHeadline
    /Dutch801BT-Roman
    /Dutch801BT-RomanHeadline
    /Dutch801BT-SemiBold
    /Dutch801BT-SemiBoldItalic
    /Dutch809BT-BoldC
    /Dutch809BT-ItalicC
    /Dutch809BT-RomanC
    /Dutch811BT-BoldD
    /Dutch811BT-BoldItalicD
    /Dutch811BT-ItalicD
    /Dutch811BT-RomanD
    /Dutch823BT-BoldB
    /Dutch823BT-BoldItalicB
    /Dutch823BT-ItalicB
    /Dutch823BT-RomanB
    /EarwigFactory
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /Emboss-Normal
    /EnemaLight
    /English111VivaceBT-Regular
    /EngraversMT
    /EraserRegular
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /EuroSig
    /Exotic350BT-Bold
    /Exotic350BT-DemiBold
    /Exotic350BT-Light
    /FangSong
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FolioBT-Bold
    /FolioBT-BoldCondensed
    /FolioBT-Book
    /FolioBT-ExtraBold
    /FolioBT-Light
    /FolioBT-LightItalic
    /FolioBT-Medium
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FrizQuadrata
    /FrizQuadrata-Bold
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Garamond-Normal
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /GeographicSymbolsNormal
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /Glitch0
    /Glitch1
    /GloucesterMT-ExtraCondensed
    /GoudyCatalogueBT-Regular
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudyStout
    /Grad
    /GreymantleMVB
    /Gridder-NEG
    /Gridder-OFF
    /Gridder-POS
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeavyHeap
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumItalic
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /HomePlanning
    /HomePlanning2
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /HurryUp
    /Huxtable
    /Impact
    /ImprintMT-Shadow
    /Incised901BT-Compact
    /Indubitably
    /InformalRoman-Regular
    /InterleafSymbols
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Isabella
    /IskoolaPota
    /IskoolaPota-Bold
    /ITCFranklinGothicStd-Book
    /ITCFranklinGothicStd-BookIt
    /ITCFranklinGothicStd-Demi
    /ITCFranklinGothicStd-DemiIt
    /ITCFranklinGothicStd-Hvy
    /ITCFranklinGothicStd-HvyIt
    /ITCFranklinGothicStd-Med
    /ITCFranklinGothicStd-MedIt
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /JJStencilTrialVersion
    /Jokerman-Regular
    /Juergen
    /Juergen-BoldKursiv
    /Juergen-Italic
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /Kaufmann
    /Kaufmann-Bold
    /Khaki-Two
    /KhmerUI
    /KhmerUI-Bold
    /Kidnap
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Kredit
    /KristenITC-Regular
    /KunstlerScript
    /LandscapePlanning
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LibelSuit
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Mangal-Regular
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPiLTStd
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MerriamExt
    /MerriamIPA
    /MerriamRegular
    /MerriamWebsterSpecial
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MMaCentury-Bold
    /MMaCentury-BoldItalic
    /MMaCentury-Italic
    /MMaCentury-Regular
    /MMaGreek-Bold
    /MMaGreek-BoldItalic
    /MMaGreek-Italic
    /MMaGreek-Regular
    /MMArrow
    /MMaTextBook-Bold
    /MMaTextBook-BoldItalic
    /MMaTextBook-Italic
    /MMaTextBook-Regular
    /MMBinary
    /MMCenturyOld
    /MMCenturyOldBold
    /MMCenturyOldBoldItalic
    /MMCenturyOldE
    /MMCenturyOldEBold
    /MMCenturyOldEBoldItalic
    /MMCenturyOldEItalic
    /MMCenturyOldGreek
    /MMCenturyOldGreekBold
    /MMCenturyOldItalic
    /MMCenturyOldK
    /MMCenturyOldKBold
    /MMCenturyOldKBoldItalic
    /MMCenturyOldKItalic
    /MMCenturyOldO
    /MMCenturyOldOBold
    /MMCenturyOldOBoldItalic
    /MMCenturyOldOItalic
    /MMCenturyOldS
    /MMCenturyOldSBold
    /MMCenturyOldSBoldItalic
    /MMCenturyOldSItalic
    /MMEtc
    /MMExtra
    /MMGreek
    /MMGreekBold
    /MMNegate
    /MMRelation
    /MMTextBook
    /MMTextBookBold
    /MMTextBookBoldItalic
    /MMTextBookItalic
    /MMTimesBold
    /MMTimesBoldItalic
    /MMTimesItalic
    /MMTimesRoman
    /MMVariable
    /MMVariableA
    /MMVariableB
    /MMVariableC
    /MMVariableD
    /Modern-Regular
    /Mojo
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MorseCode
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /Mufferaw
    /Music
    /MusicalSymbolsNormal
    /MVBoli
    /MyriadArabic-Bold
    /MyriadArabic-BoldIt
    /MyriadArabic-It
    /MyriadArabic-Regular
    /MyriadHebrew-Bold
    /MyriadHebrew-BoldIt
    /MyriadHebrew-It
    /MyriadHebrew-Regular
    /MyriadPro-Black
    /MyriadPro-BlackCond
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-LightCond
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldIt
    /Myriad-Tilt
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Condensed
    /MyriadWebPro-CondensedItalic
    /MyriadWebPro-Italic
    /Narkisim
    /Neuropol
    /News706BT-BoldC
    /News706BT-ItalicC
    /News706BT-RomanC
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuevaStd-Bold
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuevaStd-Italic
    /Nyala-Regular
    /Nyx
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRAStd
    /OfficePlanning
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /Ouch
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /ParisianBT-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlanetBenson2
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /Pompeia-Inline
    /PoorRichard-Regular
    /PoplarStd
    /PosterBodoniBT-Roman
    /Postino-Italic
    /PrestigeElite
    /PrestigeElite-Bold
    /PrestigeElite-BoldSlanted
    /PrestigeElite-Slanted
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Proteus
    /Pupcat
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /Semaphore
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /Shuriken-Boy
    /SignLanguage
    /Signs
    /SILGalatiaBold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Socket
    /Souvenir-Bold
    /Souvenir-BoldItalic
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /Souvenir-Medium
    /Souvenir-MediumItalic
    /SpumoniLP
    /Square721
    /Square721Blk
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-BoldExtended
    /Square721BTItalic
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /Square721BT-RomanExtended
    /Square721Demi-Italic
    /Square721DmItalic
    /Square721DmNormal
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /Staccato222BT-Regular
    /Stencil
    /StencilGothicBE
    /StencilStd
    /Stereofidelic
    /STIX-Bold
    /STIX-BoldItalic
    /STIXGeneral-Bold
    /STIXGeneral-BoldItalic
    /STIXGeneral-Italic
    /STIXGeneral-Regular
    /STIXIntegralsD-Bold
    /STIXIntegralsD-Regular
    /STIXIntegralsSm-Bold
    /STIXIntegralsSm-Regular
    /STIXIntegralsUp-Bold
    /STIXIntegralsUpD-Bold
    /STIXIntegralsUpD-Regular
    /STIXIntegralsUp-Regular
    /STIXIntegralsUpSm-Bold
    /STIXIntegralsUpSm-Regular
    /STIX-Italic
    /STIXMath-Regular
    /STIXNonUnicode-Bold
    /STIXNonUnicode-BoldItalic
    /STIXNonUnicode-Italic
    /STIXNonUnicode-Regular
    /STIX-Regular
    /STIXSizeFiveSym-Regular
    /STIXSizeFourSym-Bold
    /STIXSizeFourSym-Regular
    /STIXSizeOneSym-Bold
    /STIXSizeOneSym-Regular
    /STIXSizeThreeSym-Bold
    /STIXSizeThreeSym-Regular
    /STIXSizeTwoSym-Bold
    /STIXSizeTwoSym-Regular
    /STIXVariants-Bold
    /STIXVariants-Regular
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Swiss911BT-UltraCompressed
    /Swiss921BT-RegularA
    /Swiss924BT-RegularB
    /SwitzerlandLight-Italic
    /SwitzerlandLight-Normal
    /SwitzerlandNarrowBold
    /SwitzerlandNarrow-Bold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrow-BoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrow-Italic
    /SwitzerlandNarrow-Normal
    /SwitzerlandNarrowPlain
    /SybilGreen
    /Sylfaen
    /Symbol
    /SymbolITCbyBT-Bold
    /SymbolITCbyBT-BoldItalic
    /SymbolMT
    /SymbolProportionalBT-Regular
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /UniversalMath1BT-Regular
    /UniversCE-Black
    /UniversCE-BlackOblique
    /UniversCE-Bold
    /UniversCE-BoldOblique
    /UniversCE-Light
    /UniversCE-LightOblique
    /UniversCE-Medium
    /UniversCE-Oblique
    /UniversLT
    /UniversLT-Black
    /UniversLT-BlackExt
    /UniversLT-BlackExtObl
    /UniversLT-BlackOblique
    /UniversLT-Bold
    /UniversLT-BoldExt
    /UniversLT-BoldExtObl
    /UniversLT-BoldItalic
    /UniversLT-BoldOblique
    /UniversLT-Condensed
    /UniversLT-CondensedBold
    /UniversLT-CondensedBoldOblique
    /UniversLT-CondensedLight
    /UniversLT-CondensedLightOblique
    /UniversLT-CondensedOblique
    /UniversLT-Extended
    /UniversLT-ExtendedObl
    /UniversLT-ExtraBlack
    /UniversLT-ExtraBlackExt
    /UniversLT-ExtraBlackExtObl
    /UniversLT-ExtraBlackObl
    /UniversLT-Light
    /UniversLT-LightOblique
    /UniversLT-LightUltraCondensed
    /UniversLT-Oblique
    /UniversLTStd-BoldCn
    /UniversLTStd-Cn
    /UniversLTStd-CnObl
    /UniversLTStd-Light
    /UniversLT-ThinUltraCondensed
    /UniversLT-UltraCondensed
    /UPCHeightA
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /VelvendaCooler
    /VenusRising
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Waker
    /Webdings
    /WickendenCafeNDP
    /WickendenCafeNDPBold
    /WickendenCafeNDPBoldItalic
    /WickendenCafeNDPItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Outline
    /WindsorBT-Roman
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




