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Executive Summary

Defining a Net Zero Energy Military Installation

The Department of Defense (DoD) is the largest energy consumer in the U.S. government. Present
energy use patterns impact DoD global operations by constraining freedom of action and self-
sufficiency, demanding enormous economic resources, and in deployed environments, putting many
lives at risk in associated logistics support operations. At the same time, there are many
opportunities for DoD to more effectively meet their energy requirements through a combination of
human actions, energy efficiency technologies, and renewable energy resources.

A joint initiative was formed between the DoD and Department of Energy (DOE) in 2008 to
address military energy use. This initiative created a task force comprised of representatives from
each branch of the military, the Office of the Secretary of Defense (OSD), the Federal Energy
Management Program (FEMP), and the National Renewable Energy Laboratory (NREL) to
examine the potential for net zero energy military installations. This report presents a net zero
energy assessment of Marine Corps Air Station (MCAS) Miramar.

The concept of a net zero energy installation (NZEI) evolved from the definition of a net zero
energy building. The task force initially defined a NZEI as: “A military installation that produces as
much energy on or near the installation as it consumes in its buildings and facilities.”

MCAS Miramar was selected by the DoD/DOE Net Zero Analysis Task Force as the initial
prototype installation for net zero energy analysis. Miramar was selected based on its strong history
of energy advocacy and extensive track record of successful energy projects.

NREL expanded the initial definition of a NZEI in consultation with the task force and MCAS
Miramar to clarify the focus on renewable energy and expand analysis to include fleet
transportation fuel use. For the purposes of this assessment, a NZEI is defined as:

“A military installation that produces as much energy on-site from renewable energy
generation, or through the onsite use of renewable fuels, as it consumes in its
buildings, facilities, and fleet vehicles.”

Note that tactical aviation fuel use is not addressed beyond identifying its baseline magnitude; there
is currently no commercially available substitute for jet fuel.

Net Zero Energy is a concept of energy self-sufficiency based on minimized energy demand and use
of local renewable energy resources. This contrasts with our current national dependence on
imported fossil fuel. It may be seen as a design point useful to enter a disciplined exploration of
how energy is provided and used. Defining a net zero energy military installation is complicated by
the need to consider public facilities and infrastructure, how to treat energy used for various forms
of transportation, and mission-specific energy requirements, such as tactical fuel demands.

A complete net zero solution considers all uses of energy within an installation for buildings,
transportation, community infrastructure, industry, and other uses. NREL’s net zero energy
assessment for Miramar focused on the following main areas:

e Energy and greenhouse gas baseline

e Energy efficiency measures

vil



e Renewable energy potential
¢ Electrical system
e Transportation fuel use

e Energy project recommendations and implementation guidance.

The phased progression from a typical installation or community to an installation that has a
reduced energy load to a renewably powered installation is illustrated in Figure 1.

<«
8 « = ¢ | buildings
—
o Maximize
2 efficiency,
o Py
o minimize
[e] demand
o Y,
o> cR)ert1_ewe11ble
8 vehicles ption
—
- Renewable
[ Option 2
[}
c
w industry Renewable
Option 3
Typical Option 0 Some combination
Community Energy Efficiency of options 1, 2 & 3
and Energy meet remaining load

Demand Reduction

Figure 1. Net Zero Energy concept

Miramar’s Energy Baseline

The first step in a NZEI assessment is to determine an energy baseline. The baseline is used to
evaluate net zero energy potential. Working with the task force and MCAS Miramar, NREL
determined an energy boundary for Miramar’s baseline that includes all onsite buildings plus
facilities (Main Base, Brig, Privatized Housing, and Commissary), and fleet vehicles. An energy
baseline provides an analysis of current energy consumption on base, as well as a metric to measure
progress against. Baseline energy consumption for Miramar is shown in Table 1.
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Table 1. Miramar Energy Baseline

Baseline Annual Energy Usage Information

Electricity (kWh) 66,543,615

Natural Gas (therms) 1,316,149

Fuel (Gallons)

Gasoline 89,500
Diesel 10,000
Biodiesel 31,000
Compressed Natural Gas 45,000

The energy amounts above were converted to site Btu. The site Btu values were converted into
source Btu using conversion factors developed by NREL. The total baseline energy usage at
Miramar is ~870 billion source Btu.

M Electricity ™ Nat Gas M Fleet

2.8%

Figure 2. Miramar energy use breakdown (% of source total Btu)

Energy Project Identification

The second step in the net zero energy analysis was to evaluate the potential for energy projects on
the base. NREL screened the energy efficiency opportunities, resources, and renewable energy
potential at Miramar to begin determining the optimal energy project solution for Miramar.
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Figure 3. Miramar building portfolio breakdown

Buildings are responsible for the majority of the natural gas and electrical energy consumption at
Miramar. While new buildings have the greatest potential to reach net zero energy status, building
retrofits can also save a substantial amount of energy. A typical building can be retrofitted to reduce
energy consumption by 30%.

Building energy efficiency was assessed for Miramar facilities in order to determine the potential
for additional energy efficiency investment. The energy use index (EUI) for Miramar was
calculated as 55 kBtu/ft. This EUI value is quite low when compared to other buildings and
indicates that the base is already managing its energy use well. The base has undertaken numerous
energy efficiency projects; for example, the base has installed daylighting and lighting controls in
some of the warehouses and hangars; it executed an energy savings performance contract (ESPC);
and it enacted significant water conservation measures.

Figure 3 shows the percentage of square footage at Miramar occupied by a particular building type.
The detailed table is provided in Appendix C.

Despite the base’s already low EUI and past energy efficiency investments, there is still potential
for the buildings at Miramar to become more energy efficient using cost-effective measures.

Renewable Energy Resource Assessment

NREL began its analysis of the renewable energy generation potential at Miramar by examining the
high level resource potential. The analysis included Miramar-specific solar and wind resource maps,
as well as national biomass and geothermal resource maps. Appendix G shows the renewable
energy resource maps provided by the NREL geographic information system (GIS) group. Overall,
the maps indicate good solar resource potential, moderate geothermal and biomass potential, and
poor wind potential.



Renewable Energy Optimization

In addition to the basic resource assessment, the NREL team conducted an initial assessment of the
renewable energy opportunities for Miramar based on high level energy, building, and resource data
using NREL’s Renewable Energy Optimization (REO) software tool. The initial screening
evaluated the following technologies: photovoltaics (PV), wind, biomass gasifier/cogen,
daylighting, solar thermal or concentrating solar power (CSP), solar hot water, solar vent
preheating, and anaerobic digesters. The REO analysis determined the basic technical and
economical feasibility of implementing these technologies at Miramar.

Several technologies were eliminated from further analysis and a proposed landfill gas power
purchase agreement (PPA) was included in the analysis based on the resource assessment, REO
screen, and discussions with Miramar. Technologies eliminated from additional analysis were:
wind, solar vent preheat, and anaerobic digestion. Promising technologies to be further considered
are: PV, solar thermal, ground source heat pumps (GSHP), solar hot water, daylighting, and
biomass.

Energy Efficiency Analysis

It was beyond the scope of this project to conduct detailed energy audits of the approximately 800
installation facilities at Miramar. However, through discussion with base personnel, analysis of a
previous ESPC proposal, and walkthroughs of several facilities, the savings potential for energy
efficiency improvements at Miramar are estimated for numerous energy conservation measures,
such as: lighting retrofits, building commissioning, and boiler replacement. NREL analyzed the
projects already planned by the base, as well as potential additional projects. The estimated savings
potential is shown below.

e Total electrical reduction = 10,676 MWh or 16.0% electrical load reduction
e Total natural gas reduction = 14,104 Site MBtu or 10.7% natural gas load reduction

e Total Btu reduction = 13.3% reduction.

Renewable Energy Analysis
NREL analyzed the potential for solar hot water, solar pool heating, concentrated solar power
(CSP), PV, combined heat and power (CHP), and landfill gas at Miramar. NREL analyzed the
projects already planned by the base as well as the potential for additional projects. Miramar has
several projects planned to increase renewable energy generation. These projects will also help the
base meet its Federal government and DoD energy mandates. These projects, which will continue to
position Miramar as an energy leader, include the following:

e Purchase 3 MW of electricity from landfill gas generation project

e Install several solar hot water systems on several buildings

e Install 2.3 MW of PV on building rooftops and carports across the base

e Install 100 kW CSP system consisting of four 25 kW sterling dishes

e Install approximately 600 solar powered street lights across the base.

NREL is proposing additional projects that will cost effectively help Miramar progress toward
NZEI status while providing environmental benefits and increased energy security.
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e Install solar hot water systems on additional buildings.

e [Install solar pool heating systems.

e Install 2.2 MW of PV on additional buildings and carports.

e Sign PPAs allowing for the installation of two 1.4 MW CHP fuel cells.
e Install daylighting systems on additional buildings.

¢ Install microturbines to provide CHP in several buildings.

Electrical Systems

NREL analyzed the high-level potential for the interconnection of renewable energy generation
projects into the distribution system at Miramar. The proposed placement and interconnection of the
recommended renewable energy systems was analyzed for conductor and protection device
capacity. The relatively robust primary electrical distributions system at Miramar would allow the
proposed projects to be tied into the distribution system anywhere on the primary feeders without
significant upgrades to the base distribution system.

NREL simulated various configurations for distributed energy resources. Simulations covered hour-
by-hour performance of the planned and proposed renewable energy generation systems and the
coincidence of renewable energy generation and the hourly load profile at Miramar. The worst case
scenario was reviewed for the minimum load and the maximum distributed generation (DG) on a
given feeder. All feeders, including the main feeders from the utility, proved to be capable of
handling the excess DG.

The net zero energy assessment also included analysis of a microgrid with DG sources to continue
critical base operations (despite a disruption to the electrical grid). Implementing a microgrid with
renewable energy, storage, and generators ensures the ability to continue critical operations in the

event that an extended emergency occurs.

Transportation

The opportunity for transportation fuel savings was evaluated at Miramar. Miramar currently uses
compressed natural gas (CNGQG) and biodiesel as alternative fuels for fleet vehicles onsite. E8S,
which is a fuel blend that is 85% ethanol and 15% gasoline, will soon be available near the base. It
is recommended that Miramar use E85 fuel in its numerous E85-compatible fleet vehicles to reduce
gasoline consumption. Additionally, Miramar should explore the potential to adopt and use more
neighborhood electric vehicles (NEVs) and vehicle pooling to reduce the total fleet size.

Greenhouse Gas

A greenhouse gas (GHG) inventory was calculated for Miramar for scope 1 and scope 2 emissions.
All of the energy uses included in the baseline were put into the GHG calculations. The base’s GHG
emissions baseline was approximately 30,183 tons of CO, per year. The base would achieve an 85%
reduction in total GHG emissions by implementing the suggested renewable energy projects.

Implementation and Financing

Miramar has many potential avenues available for the implementation of energy projects. These
include: ESPC, utility energy services contracts (UESC), PPAs, and appropriated funds. There are
many issues that must be considered when selecting an implementation option, such as: the National
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Environmental Policy Act (NEPA) review process, utility interconnection requirements, and the
available incentives for renewable energy.

The projects currently planned by Miramar are exclusively appropriations-funded with the
exception of the landfill gas project, which is a PPA for electrical energy.' The estimated capital
costs for the appropriations funded projects are $35.4 million. The total NZEI source Btu reduction
for the Miramar planned projects is 36%. These projects are shown in the tables below.

Table 2. Energy Demand Reduction Projects Planned by Miramar

Project Name Project Size Reduction Amount

Boiler Replacement ~30 Buildings and 70

and Solar Hot Water boilers 2010 2,950 (MBtu) and 520 (MWh)

Table 3. Energy Generation Projects Planned by Miramar

Project Name Project Size (kW) Est. Production (MWh)
Landfill Gas 3,000 2012 25,000
PV 2,362 2009, 2010, 2011 3,520
CSP 100 2011 394

The NREL proposed projects are being suggested as privately financed projects that will require no
upfront capital from Miramar. The fuel cell project would be structured as a PPA that includes
purchased electrical energy’ and free thermal energy. Electrical and natural gas energy efficiency,
solar hot water, daylighting, solar pool heaters, and microturbines would all be built into a single
ESPC contract with an estimated total investment of $12 million. The additional PV could be either
in the ESPC or a separate UESC or PPA; the estimated capital cost of the additional PV is $15
million. Alternatively, Miramar could fund these projects with appropriated funds. The capital costs
in this scenario would be similar; however, some factors such as the availability of incentives would
change. These projects are shown in Table 4.

! The final PPA price has yet to be determined. It will likely range between $0.09 and $0.13 per kWh.
2 The final PPA price has yet to be determined. It is estimated to be approximately $0.13 kWh.
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Table 4. NREL-Proposed Energy Projects

Electrical Load Reduction \

Project Name Year Reduction Amount (MWh) | ‘
Electrical Energy Efficiency 2011 and 2012 9,590
Daylighting 2011 and 2012 1,099

Additional Energy Generation Projects

Project Name Project Size (kW) Year Production (MWh)
Fuel Cell 2,800 2011 and 2012 23,000
PV 2,216 2012 3,300
Microturbines 115 2011 and 2012 1,005

Natural Gas Load Reduction

Project Name Year | Reduction Amount (MBtu)
Fuel Cell 2011 and 2012 53,814
Natural Gas Energy Efficiency | 2011 and 2012 11,154
Solar Hot Water 2011 and 2012 4,570
Solar Pool 2012 6,700
Microturbines 2011 and 2012 (13,713)

Implementation of these additional energy projects along with the Miramar-proposed projects
would result in a 90% NZEI source Btu reduction. The total modified source Btu breakdown for the
base is shown below. The proposed energy efficiency and renewable energy projects comprise a
reduction of approximately 92% of the original facility source Btu. For the fleet, the source Btu
would be cut nearly in half from 23 million to 14 million.

X1v



T T -
' Final Source BTU

Generation/Displacement/Reduction Mix by
Energy System Type mPV

B Landfill Gas

M Fuel Cell Electrical

Energy Generation
M Fuel Cell Natural

Gas Load Reduction
B Daylighting

m Concentrating Solar

Power
M Elec. Energy Eff.

M Nat. Gas Energy Eff.
i Solar Water

Heating
B Fleet

Figure 4. Final source Btu breakdown

Financial Analysis

NREL conducted a basic financial analysis of the recommended solution to approach net zero. This
analysis simply provides a sample case and may not represent the actual financial costs of these
recommendations. The actual costs and financial returns will be affected by additional factors,
including: incentive availability, installation year, energy prices at the time of installation, Naval
Facilities Engineering Command (NAVFAC) utility rates, and interconnection options.

NREL projected the future energy costs for Miramar (Figure 5). These estimated future costs for the
base case scenario were compared to the costs of implementing the planned and recommended
projects.
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Figure 5. Projected energy costs
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It was assumed that all energy efficiency and renewable energy projects other than the fuel cell
would be implemented under an ESPC contract. NREL’s Scenario Builder ESPC Financial Analysis
Tool was used to approximate ESPC contract prices. The results from this tool yielded a direct
expense of $24 million and total investment cost of $32 million for the following Energy
Conservation Measures (ECMs):

e Natural and electrical gas energy efficiency
e Daylighting

e Solar hot water

e Solar pool heater

e Microturbines

e Photovoltaics (PV).

The total investment cost includes additional items, such as monitoring and verification,
management and administration, and profits that are not included in the direct cost. The simple
payback of the total investment was 14 years.

NREL developed a payment schedule from this tool. The payment required varies from year to
year; however, the average payment over the 16-year contract lifetime is $2.6 million. This payment
stream was built into a larger financial analysis that included the PPA project payments and the
capital costs for the projects already planned by Miramar.

The results from this analysis illustrate that this set of energy project recommendations is likely to
be viable under a 20-year project lifetime and would provide reduced energy costs to the base. The
annual cost of the baseline scenario was compared to the annual cost of the recommended scenario
over a 20-year period.

The graph below shows that there are no savings in 2010 or 2011 as the capital costs for the
Miramar-initiated projects are expended. Annual costs are included for the fuel cell and landfill gas
PPA agreements, NAVFAC utility services, and San Diego Gas and Electric (SDG&E) standby and
departing load charges. In 2012, the base begins to see savings from the energy project investment
compared with the base case. Over the 20-year lifetime that was analyzed, the savings are $26
million and the net present value is $6.7 million. The annual savings from this scenario are shown in
Figure 6.
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Figure 6. Projected savings from recommended scenario

This analysis depends on many estimated factors, such as inflation rate, energy price escalation
rates, and natural gas prices. These factors can substantially affect the estimated cost savings, as
well as the Net Present Value (NPV), both positively and negatively. However, this financial
analysis shows that under a variety of scenarios, the recommended energy projects will allow the
base to move closer to NZEI status and will likely reduce energy costs for Miramar.

Conclusion

The analysis conducted by NREL shows that MCAS Miramar has the potential to make significant
progress toward becoming a net zero installation for its facilities and buildings. If the recommended
energy projects and savings measures are implemented, a 90% source Btu reduction will be
achieved by the base. Net zero energy status is within reach if Miramar implements the
recommended measures, replaces all remaining natural gas with an available renewable natural gas,
and switches the government transport fleet to renewable fuels or to electric vehicles as these
become more widely available. By achieving net zero energy status, the base will set an example for
other military installations, increase mission capabilities, provide environmental benefits, reduce
costs, increase energy security, and exceed its energy goals and mandates.
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1 Introduction

In 2008, the Department of Defense (DoD) and Department of Energy (DOE) defined a joint
initiative to address military energy use by identifying specific actions to reduce energy demand and
increase use of renewable energy on DoD installations. A Task Force comprised of representatives
from the Office of the Secretary of Defense (OSD), the four military Services, DOE’s Federal
Energy Management Program (FEMP), and the National Renewable Energy Laboratory (NREL)
was established. In light of DoD priorities, early attention was given to the possibility of net zero
energy military installations (NZEI), that is, installations that would meet their energy needs with
local renewable resources. Marine Corps Air Station (MCAS) The Task Force selected Miramar to
be the prototype installation for net zero energy assessment and planning. This selection was based
on Miramar’s strong history of energy advocacy and extensive track record of successful energy
projects.

NREL was tasked to perform a comprehensive, first-of-its-kind assessment of Miramar’s potential
to achieve net zero energy status, provide energy project recommendations, and then to develop a
template based on this work that could be used for other military installations.

1.1 Overview of the DoD Energy Context

The Department of Defense (DoD) is the largest energy consumer in the U.S. government. Present
energy use patterns impact DoD global operations by constraining freedom of action and self-
sufficiency, demanding enormous economic resources, and putting many lives at risk though
associated logistics support operations in deployed environments. There are opportunities to more
effectively meet DoD energy requirements through human actions, energy efficiency technologies,
and renewable energy resources. DoD’s corporate hierarchy offers implementation advantages in
both speed and scale: the military has often been a market leader in the adoption of new
technologies and complex systems. DoD leaders’ present focus on exploring improvements to
energy provision and use in the departments operations—at home and abroad—is timely.

In fiscal year (FY) 2008, the DoD consumed 889 trillion site-delivered Btu and spent on the order
of $20 billion on energy. The majority of DoD energy consumption is fossil fuel based (coal, oil,
natural gas, or electricity produced from these), often from foreign sources. The DoD accounts for
about 1.8% of total United States petroleum consumption and 0.4% of the world’s consumption. A
summary of DoD energy use is shown in Figure 7. This report focuses on the 26% of energy used in
buildings subject to Federal energy mandates,” buildings exempted from these mandates, and fleet
vehicles. Tactical fuel use is not considered at this time.*

? Federal Buildings are subject to mandated energy efficiency reductions under the National Energy Conservation Policy
Act (NECPA) and Executive Order 13423. Some buildings are exempt from these requirements. Guidelines for
exempting buildings can be found here: www.eere.energy.gov/femp/pdfs/exclusion_criteria.pdf.

* Alternative fuels are in development and testing. Also, tactical fuel use can be reduced through reduction in tactical
system use (for example, in favor of simulator-based training), and through application of energy-saving technologies
(e.g., skin coatings for aircraft and ships, improvements in aerodynamic/hydrodynamic design, hybrid drive systems for
ground vehicles).
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Figure 7. DoD energy use breakdown

1.2 Energy Strategies for DOD Installations: Key Considerations

A NZEI assessment is a framework for a military installation to develop a holistic and systematic
energy strategy. An installation’s energy strategy should reflect a number of constraints and
considerations:

e Mission Compatibility. Mission accomplishment is the top priority when considering
energy strategies. Even if attractive by other measures, a proposal that is incompatible
with the installation’s mission will be eliminated. Wind turbines sited near a runway are
one example of an energy technology incompatible with the flying mission at many
military installations such as Miramar.

e Security. An installation’s energy system must maintain or enhance energy security,
surety and reliability, and overall physical security of the site must be maintained. For
example, a biomass-fueled power system may be inappropriate for some sites due to
offsite truck traffic required to bring in fuel. However, the ability to meet an
installation’s critical load using onsite renewable sources (e.g., landfill gas, geothermal
power, solar energy) in an islanding mode may greatly enhance energy security. This is
underscored not only by the threat of malicious activities (e.g., physical or cyber
attacks), but also by possibility of major blackouts. Blackouts have occurred in the U.S.
many times in recent decades, and more are anticipated, due to the aging electric grid
infrastructure, decreased maintenance investment, increasing loads, and the lack of
situational awareness on the part of grid operators.’ A recent Defense Science Board
report stated that critical military missions are at a high risk of failure in the event of an
electric grid failure.® The development of onsite energy supplies and smart microgrids,
which are part of a net zero energy solution, can reduce this risk, and may become an
increasingly important strategic concern.

> The Smart Grid, An Introduction. U.S. Department of Energy. No.DE-AC26-04NT41817, Subtask 560.01.04,
www.doe.energy.gov/DocumentsandMedia/DOE_SG_Book_Single Pages.pdf. Accessed April 2010.

% More Fight Less Fuel, Defense Science Board Report. Febuary, 2008.
www.acq.osd.mil/dsb/reports/ADA477619.pdf. Accessed May 2010.
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o FEconomics. Life-cycle, system-based economic energy strategy assessments should
reflect factors including technological maturity; fuel availability and cost; energy storage
requirements; distribution and interconnection arrangements; financing options; Federal,
state, and local incentives; environmental impacts; and costs for operations and
maintenance (O&M).

o Agency Goals and Federal Mandates. The DoD has a strategic energy plan to reduce
consumption, leverage new technologies, drive personnel awareness, and increase
energy supply. A primary goal is to achieve 25% renewable electrical energy use by
2025. In October 2009, the Secretary of the Navy stated a new goal: by 2020, 50% of the
energy consumed by ships, aircrafts, tanks, shore vehicles, and installations should come
from alternative sources.” Federal mandates presently focus on energy efficiency and
renewable energy goals. These are planned to be expanded in the near future to include
carbon emission targets.

e Site Resources. Energy system siting opportunities vary among installations, as do local
climate, renewable energy resources, and electrical system interconnection opportunities.

e Doctrine, Organization, Training, Material, Leadership & Education, Personnel and
Facilities (DOTMLPF). Over time, holistic change to DoD energy systems,
technologies, and practices will involve new doctrine, adjustments to organizations and
training, new acquisition methodologies, leadership by example, and updates to
education systems.

The contribution of a net zero energy assessment to the development of site-specific energy
strategies responsive to these constraints is discussed below.

1.3 NZEI Concept

Net Zero Energy is a concept of energy self-sufficiency focused on use of local renewable energy
resources and minimized demand. While net zero energy status in itself is not inherently a high
priority for DOD installations, it can serve as a design point well suited to a disciplined exploration
of how energy is provided and used. First developed in the context of individual houses, for which
the challenge is to provide all required energy using onsite renewable resources, the concept has
been extended in recent years to communities, campuses and installations. In principle, a net zero
energy installation should reduce its load through conservation and energy efficiency, then meet the
remaining load through onsite renewable energy. Defining a net zero energy military installation is
complicated by the need to consider, in addition to individual buildings, public facilities and
infrastructure--the questions of how to treat energy used for various forms of transportation, and
mission-specific energy requirements, such as tactical fuel demands.

The net zero energy concept is illustrated in Figure 8.

"Naval Energy Forum. October 14, 2009.
http://osiris.usnwc.edu/pipermail/nwc_onlinediscussion/attachments/20091119/9d999c42/attachment.obj. Accessed
April 1010.
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Figure 8. Net zero energy installation concept

The original definition of a net zero energy installation adopted by the DoD-DOE Task Force was,
“An installation that produces as much energy on or near the installation, as it consumes in its
buildings and facilities.” The definition was elaborated in consultation with the task force and
MCAS Miramar to focus on renewable energy, on-site generation, and fleet fuel use. The following
definition was used for this assessment:

“A net zero energy military installation produces as much energy onsite from
renewable energy generation or through the onsite use of renewable fuels, as it
consumes in its buildings, facilities, and fleet vehicles.”

A more detailed explanation of this elaboration and the net zero definition is given below:

e “Net Zero” means that the energy produced onsite over the period of a given year is
equal to the installation’s energy demand. This implies a connection to a local power
grid, which “banks” the energy. Thus, an onsite solar energy system, for example, may
produce energy greater than that used by the installation during the day, feeding excess
energy into the local grid. At night, when the solar system is not producing energy, the
installation relies on energy from the grid.

e Energy consumption may be in the form of electricity, hot or chilled water, steam, or
direct use of fuel.

e A military installation is any facility, which may be a contiguous area or may comprise
separate areas. When assessing the energy of the installation, all activities within the
defined boundaries are included, regardless of whether their energy is managed by the
base energy manager or paid for by different agencies.

e The Task Force’s willingness to include energy production “on or near the installation”
was left open to interpretation. The assessment team focused primarily on the
possibilities of onsite energy production, accepting the following forms of energy:
energy generated onsite from renewable sources and renewable fuel used onsite. The set
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of onsite renewable energy sources followed standard DOE practice: commercially
available solar (photovoltaic, concentrating solar power, water heating), wind and
hydropower systems, and electricity or heat generated from natural gas produced in
onsite landfills or by burning the installation’s trash (trash-to-energy or municipal solid
waste).

e Renewable fuels include various forms of biomass (wood waste, agricultural
byproducts); natural gas (produced from external landfills or as a byproduct of sewage
processing); and various renewable transportation fuels (ethanol- E85, biodiesel).

e As employed here, the net zero energy concept does not include non-primary energy
imported from offsite (e.g., electricity from a local offsite renewable source), or
purchases of renewable energy credits (RECs), that is, getting credit for RE generation
somewhere else in the world. This is consistent with the NZEI concepts’ emphasis on
meeting energy needs with local resources.

e The Task Force definition does not explicitly discuss minimizing the installation’s load,
an essential first step toward net zero energy status. This can be accomplished through
human actions to conserve energy or reduce energy waste, or by identifying approaches
to conserving energy without impacting the mission. This also includes the
implementation of standard facility energy efficiency technologies that are economically
feasible. These may include heating, ventilation and air conditioning (HVAC) and
lighting upgrades (efficient chillers and boilers, solar ventilation pre-heat, fluorescent or
light-emitting diode (LED) lighting); environmental control systems; systems generating
both electricity and heat (cogeneration systems); and building envelope upgrades or
design features such as insulation, high-performance windows, and daylighting.

¢ Installation energy consumption can be measured several ways. Possible measurement
approaches include.”

o Net Zero Site Energy: Energy used by the installation is accounted for at the site,
for example, as indicated by building electricity and gas meters. This approach is
a simple measurement, but omits transmission losses to bring energy to the site.

o Net Zero Source Energy: Source energy refers to the primary energy used to
generate and deliver the energy to the site, for example by a local utility
generation site and transmission system. For transportation fuel, source energy
includes a multiplier to account for the energy required to transport the fuel to the
fueling station.

o Net Zero Energy Costs: The amount of money the utility pays the installation for
renewable energy generated onsite and exported to the grid is compared with the
amount the owner pays the utility for energy used over a year.

o Net Zero Energy Emissions: The installation aims to produce and use at least as
much clean renewable energy onsite as it uses from offsite local energy sources
annually, offsetting the offsite emissions.

¥ Torcellini et al. Zero Energy Buildings: A Critical Look at the Definition. Golden, Colorado: National Renewable
Energy Laboratory. June 2006, www.nrel.gov/docs/fy060sti/39833.pdf.
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For this assessment, the Source Energy method was selected as the basis for energy
accounting because it is the most representative measure of primary energy
consumption.

Transportation fuel use is included with the following limitations: All available
transportation fuel consumption data are gathered for the purpose of establishing an
installation’s total carbon footprint. This can include government ground fleet vehicle
fuel use, fuel associated with commercial air travel for official business, fuel used in
personnel commuting, and tactical fuel use. However, only the government fleet use is
further addressed in the NZEI. Potential reduction measures include converting to
electric vehicles, using electricity generated onsite from renewable sources, or using
renewable fuels in fleet vehicles.

Since the DoD’s ability to influence the energy used in commercial air travel and by
commuters is limited to minimizing trips, encouraging carpooling or telecommuting, or
providing electric vehicle charging stations to encourage employees to consider electric
vehicles when they become widely available, these measures are not considered. Tactical
fuel requirements are not addressed in the assessment because renewable fuel
alternatives are not yet commercially available. DoD can (and does) examine training
requirements and opportunities to use simulators (instead of real tanks, aircraft, ships
and submarines) and also to explore logistical variations that can reduce fuel use. These
options are not addressed in this report.

Again, the net zero energy installation concept can guide an exploration of demand
reduction through human action and energy efficiency technology, while meeting
remaining energy needs with local renewable energy resources. Some installations will
be able to exceed net zero status to become net energy producers, while others won’t be
able to approach it. In fact, a net zero goal too strictly applied can lead to solutions that
make poor sense from economic or other perspectives. However, assessment of a site’s
net zero potential, that considers the relevant constraints, identified in the preceding
section, provides a disciplined basis for identifying an optimal energy strategy tailored to
the requirements of each site.

1.4 Assessment Approach
The approach developed for this assessment includes seven steps, which are briefly summarized
below and addressed in detail in the remaining chapters of this report.

1.

Establish MCAS Miramar Energy Baseline (Section 2): Identify the installation
mission, geographic boundaries, and any special energy requirements (e.g., reliability,
performance in emergency situations, etc.). Summarize annual (source) energy used by
all identified sources supporting the mission, its type and means of distribution. Become
familiar with energy projects already planned onsite.

A GHG baseline assessment is included for later comparison with the emissions
projected for the recommended future energy system. There are currently no formal
GHG emission reduction requirements, but new requirements may be instituted in the
near future.

Energy Project Screening (Section 3): Collect the data needed to identify energy
efficiency and renewable energy projects onsite, and possibilities for increased use of
renewable fuel by the government fleet.
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Energy Efficiency Project Assessment and Recommendations (Section 4): Identify
specific onsite energy efficiency projects and their effect on installation energy demand.

Renewable Energy and Additional Load Reduction Projects (Section 5): Identify
projects exploiting onsite renewable energy for electricity and heat production, or
employing renewable fuels onsite for electricity production or for fleet transport.

Electrical Systems Assessment and Recommendations (Section 6): Identify the
impacts of recommended onsite renewable energy projects on the installation’s grid. As
required by the installation, outline the characteristics of a smart microgrid to support
emergency operations in the event of a public grid outage.

Characterize Miramar’s Net Zero Energy Potential (Section 7): Bringing together
findings from the preceding sections, calculate the extent to which the installation can
approach net zero energy status. Then, with reference to broader installation and mission
constraints, recommend a set of energy projects.

Outline Implementation Steps (Project Planning and Financial Assessment)
(Section 8): Demonstrate how the recommended projects, in concert with projects
already planned by the installation, can be implemented, with attention to timelines and
financing alternatives.



2 MCAS Miramar Energy Baseline

21 Overview

The first step in a NZEI assessment is to determine an energy baseline that will be used to evaluate
net zero energy potential and serve as a reference point for measuring progress. An energy baseline
provides an analysis of energy consumption on base.

2.2 Total Consumption Breakdown
Working with the task force and MCAS Miramar, NREL determined an energy boundary for
Miramar’s baseline that includes all onsite buildings and facilities, and government fleet vehicles.

There are additional uses of energy on the base that were not included in the NZEI analysis but
were provided to NREL by the base. These energy uses are discussed below to establish a more
complete picture of the total energy footprint of the base. Commuter fuel use was estimated at
2,500,000 gallons of gasoline per year and tactical flying mission fuel use was estimated to be
29,000,000 gallons of JP-5 jet fuel. NREL was not able to determine the footprint from commercial
flights taken by base personnel, however, this is another energy use that could be analyzed.
Additionally, several of the hangar buildings at Miramar use propane for space and water heating.
However, NREL was unable to obtain propane consumption data for these buildings. All of the
energy usages mentioned above were converted to Btu for the purpose of summarizing the total
base energy consumption. The total base energy use is 5,600 Billon source Btu. Figure 9 shows total
base energy use in terms of percent of source Btu.

M Electricity HNatGas ®Commuters MFleet M JetFuel

2.6%

6.1%  0.4%

Figure 9. Total energy use at MCAS Miramar including all fuel use

Figure 9 shows that tactical jet fuel use comprises approximately 78% of the energy use on base.
Fuel use for commuters also comprises a significant fraction of energy use at 6.1%. Examination of
these fuel uses was out of the scope of the NZEI analysis, which focused on buildings and fleet
vehicles. The amounts of fuel used for tactical operations and by commuters are outside of the
control of the installation energy managers. Additionally, there are currently no commercially
available alternatives to jet fuel that could be used in tactical flight operations. While not examined
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in this project, the potential to reduce the use of fuel in flight operations and commuting vehicles
presents opportunities for future analysis.

The baseline energy consumption for the net zero energy analysis at Miramar is shown in Table 5.

Table 5. Miramar Energy Baseline

Baseline Annual Energy Usage Information

Electricity (kWh) 66,543,615
Natural Gas (therms) 1,316,149
Fuel (gallons)

Gasoline 89,500
Diesel 10,000
Biodiesel 31,000
Compressed Natural Gas 45,000

The energy amounts above were converted to site Btu. The total site Btu were 379 Billon. These site
Btu values were converted into source Btu using conversion factors developed by NREL. The total
baseline energy usage at Miramar is 870 billion source Btu.

M Electricity M NatGas M Fleet

2.8%

Figure 10. Miramar energy use breakdown (% of total source Btu)

The total base energy consumption is 379 billion site-delivered Btu. Many people are familiar with
site Btu or site energy, which is the amount of fuel and electricity consumed and reflected in utility
bills. However, energy may be delivered to a facility as either primary or secondary energy. Primary
energy is raw fuel that is burned onsite to create heat or electricity. Secondary energy is the product
of the combustion of the raw fuel as thermal energy or electricity. It is not possible to directly
compare primary and secondary energy because the former is a raw fuel and the latter is a product



of combustion of the raw fuel.’ This assessment uses source energy as the common metric for
analysis. This permits comparison of the two energy types, and better supports assessment of DoD
goals for fossil fuel reduction and renewable energy generation. A source Btu analysis enables
accounting of the energy required to transport fuel to the base and the energy loses due to
inefficiencies in the electrical generation process. For raw fuels, the difference between site and
source energy is minimal and accounts for fuel distribution and dispensing but not fuel production.
For example, diesel fuel losses for fuel transport, storage, and dispensing are accounted for, but
energy used in extracting crude oil and refining it into diesel fuel is not accounted for. The same
basic analysis applies for electricity: losses in producing the fuel to be combusted for electrical
energy production are not accounted for; however, the losses in the conversion of a primary
chemical fuel (such as coal) to a secondary fuel (such as electricity) are accounted for.

Calculating a conversion factor to translate between site and source Btu for a specific installation
can be difficult. The exact ratio depends on many factors, such as the location of the installation, the
efficiency of the energy distribution system, and the location from which the installation’s energy is
sourced. For example, the exact electrical energy conversion factor depends on the specific power
plant from which an installation receives its energy, its efficiency, and its proximity to the
installation. Analyzing a site-to-source conversion in this manner will penalize or credit an
installation based on the relative performance of its electrical energy source. It would be unfair and
impractical to trace installation energy use down to the level of a specific power plant. However,
using a regional site-source ratio accounts for the electrical generation mix of the area where an
installation is located. This analysis used a California-specific electrical site-to-source ratio and
national ratios for fuel delivered to buildings. The ratios are shown in Table 6.

Table 6. Site-to-Source Energy Ratios'’
Energy Type/Fuel Site-to-Source Ratio |

Electricity 3.095
Natural Gas 1.092
Gasoline 1.187
Diesel Fuel 1.158

The national conversion factor for electricity used by DOE is 11,850 Btu consumed per kWh
produced (a ratio of 3.47). This accounts for the following losses: energy lost in the generation
process (66.5%), electricity used in the utility plant (1.7%), and electricity lost in the transmission
and distribution process (3.0%). The amount of net electrical energy reaching the site is reduced to
3,413 Btu or 28.8% of the total. Thus, 71.2% of the energy is lost in the conversion from primary
raw fuel to secondary electrical energy. The electrical generation mix in California contains more
natural gas and more renewable energy than the national average, accounting for the reduced site-
to-source ratio for electrical energy used in this analysis.

? Explanation of site and source Btu adapted from “ENERGY STAR Performance Ratings Methodology for
Incorporating Source Energy Use.” U.S. EPA, August 2009.

www.energystar.gov/ia/business/evaluate performance/site_source.pdf.

' Deru, M.; Torcellini, P. Source Energy and Emission Factors for Energy Use in Buildings. NREL/TP-550-38617.
Golden, CO: National Renewable Energy Laboratory, June 2007.
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2.3 Electrical Baseline

The electrical energy baseline consumption for Miramar was estimated using data received from the
base energy manager, NAVFAC, the Defense Commissary Agency, the Miramar Brig, and Lincoln
Military Housing. The electrical load for the clinic was estimated. The total estimated annual
electric consumption is provided in Table 7. The Main Base consumption includes data for facilities
that Miramar is required to report to the DoD. The correction shown at the bottom of the table
accounts for facilities not being reported, estimation errors, and potential load growth.

Table 7. Electrical Consumption Baseline

Annual Electric
Consumption (MWh)

Load Locations

Main Base 49,341
Clinic 507
Commissary 3,899
Brig 2,657
Privatized Housing 4,090
Total Other Loads 11,153
Grand Total 60,494
Correction and Load Growth (+10%) 6,049
Final Baseline 66,544

In addition to determining consumption, the electrical load profiles provided by Miramar’s
advanced meters, as well as Miramar’s electrical distribution system, were examined for two
scenarios: 1) Grid Connected and 2) Microgrid (islanding). The electrical baseline loads will be
discussed separately, as the islanding scenario will address only the critical loads.

The California Energy Commission’s California Commercial End-Use Survey'' was used to
estimate the end use of Miramar’s electric consumption. The values used are for buildings in the
Southern California Edison service territory; however, it was assumed that the energy use
breakdown for these buildings would be similar to energy use at Miramar. The survey gave values
in terms of kWh per square foot per year of electrical energy usage by building type for heating,
cooling, ventilation, refrigeration, cooking, interior lighting, exterior lighting, office equipment, and
miscellaneous. These data, along with data from the building portfolio at Miramar, were used to
estimate an end use profile based on the building types. The figure below shows the estimated end
uses of electricity at Miramar. Additional details can be found in Appendix D.

' California Energy Commission. California Commercial End-Use Survey. CEC-400-2006-005. March 2006.
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Figure 11. Estimated end use of Miramar electrical load-grid connection

NAVFAC provides Miramar with four sets of matched radial 12 kV feeders that are tied into auto-
loop distribution systems on the base. The auto-loop systems are more reliable than a simple radial
distribution system because the auto-loop can sense the loss of one source of voltage and
automatically switch the load to the second feeder. San Diego Gas and Electric (SDG&E) has two
advanced meters that monitor the power delivered to the base every 15 minutes.

NAVFAC manages the electrical utility services and distribution network for the Marine Corps on
the Main Base at Miramar. SDG&E monitors and provides utilities to several select buildings at
Miramar, including the Commissary and the Brig. For this study, NREL has combined the electrical
baseline to include the Main Base load and the electrical use from the Clinic, Commissary, Brig,
and Privatized Housing. The total annual electrical energy use obtained from NAVFAC and various
billing statements for was 60,494,195 kWh. A 10% increase in this energy was added to account for
exempt buildings, errors in metering, potential load growth, and possible electric fleet addition. An
annual baseline energy use of 66,543,614 kWh/yr is used as the overall base-case electrical load.

Meter data received from June 1, 2008 to May 31, 2009 and adjusted for the 10% increase
demonstrate Miramar’s average annual electrical load of 7,596 MW. The peak load of 13,483 MW
occurred on October 1, 2008 and the minimum load of 5,389 MW occurred on January 1, 2009.

Figure 12 illustrates the primary base load and the frequency of occurrence.
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Figure 12. AC primary load frequency

Figure 13 shows the monthly electrical load averages for data gathered from June 1, 2008 to May
31, 20009.
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Figure 13. AC primary base-load monthly averages

The average daily profile peaks at approximately 12:00 and subsides around 18:00, as shown in
Figure 14.
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Figure 14. Average Daily Load Profile

2.4 Natural Gas Baseline

Natural gas consumption data were obtained from Miramar. Total Main Base consumption was
given as 101,936 MBtu for FY 2007 and 101,923 MBtu for FY 2008. This does not include
consumption for exempt facilities. An average of the two numbers was used to determine a natural
gas baseline of 101,930. Natural gas consumption data were obtained for the Brig, Commissary, and
Privatized Housing. Natural gas consumption was estimated for the Clinic. The estimated correction
and load growth factor for natural gas was 3%. A summary of the natural gas consumption baseline
is provided in Table 8.

Table 8. Natural Gas Baseline

Load Locations Annual Consumption

(MBtu)
Main Base 101,930
Clinic 973
Commissary 1,252
Brig 15,637
Privatized Housing 7,990
Total Other Loads 25,852
Grand Total 127,782
gc:);;zctlon and Load Growth 3,833
Final Baseline 131,615

The California Energy Commission’s California Commercial End-Use Survey was used to estimate
the end use of Miramar’s natural gas consumption.'* The values used are for buildings in the
Southern California Edison service territory; however, it was assumed that the energy use
breakdown for these buildings is similar to energy use at Miramar. The survey gave values in terms
of kBtu per square foot, per year of natural gas usage, by building type for heating, cooling, hot

12 California Energy Commission. California Commercial End-Use Survey, CEC-400-2006-005, March 2006.
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water, and cooking. This information was used with the building portfolio breakdown shown in
Table 8.

Figure 15 shows the estimated end uses of natural gas at Miramar. Additional calculations are
provided in Appendix D.

B Heating M Cooling @ Water heating ® Cooking

Figure 15. Estimated Miramar natural gas end use

2.5 Transportation Baseline

The NREL team visited MCAS Miramar in October, 2008 and was able to visit the fleet facility on
base and speak with fleet personnel. Over several months, fleet data, including vehicle inventory
and fuel use data, were provided to NREL. The fleet uses approximately 176,000 gallons of fuel
annually. A summary of Miramar’s vehicle fleet and associated fuel consumption is provided in
Table 9.

Vebhicle Fuel Type Number of Vehicles Fuel Used (gallons)

E85 Flex Fuel 102

Gasoline 98 89,500

CNG Dedicated 39 45,000

CNG Bi -fuel 14

Diesel 5 41,000**
HEV 4

TOTAL 262* 175,500

Table 9. Vehicle Fleet Vehicle Type and Fuel Use

* Does not include about two dozen NEVs.
**Includes 31,000 gallons biodiesel.
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When converting the fleet fuel use to source Btu for the energy baseline, it is important to account
for the existing use of renewable fuel generated off-site in fleet vehicles. The biodiesel used is a
blend of 20% biodiesel and 80% regular diesel. Currently about 925 MBtu of fuel are already
coming from renewable sources. The baseline source Btu for the fleet from non-renewable sources
is 23,400 MBtu.

2.6 Greenhouse Gas Baseline

Background. The EPA Climate Leader’s GHG Inventory Guidance was used to establish a GHG
emissions inventory for Miramar. The EPA guidance is based on an existing protocol developed by
the World Resources Institute (WRI) and the World Business Council for Sustainable Development
(WBCSD). The WRI/WBCSD GHG Protocol was developed through a collaborative process
involving representatives from industry, government, and nongovernmental organizations. The
Climate Leaders GHG Inventory Guidance is a modification of the WRI/WBCSD GHG Protocol
that more closely fits the needs of Climate Leaders.

A GHG or CO; emissions inventory examines how an organization’s activities contribute to climate
change in terms of the GHG emissions it produces. The goal of the preliminary inventory is to help
establish the boundaries for Miramar and identify initial GHG emissions and the associated carbon
footprint. The baseline inventory will help to identify emissions reduction opportunities through the
energy efficiency and onsite renewable energy projects recommended in this report.

GHG emissions are divided into three types, by goals and boundaries:

e Scope 1—Direct emissions: sources that the organization directly controls, including
purchased natural gas, on-site fuel production, and fuel use of owned/leased vehicles.

e Scope 2—Indirect emissions: source of emissions normally generated off-site by the
local utility company and thus, emissions that the reporting organization does not
directly control. Included in Miramar’s inventory are purchased electricity.

e Scope 3—Other Indirect emissions: optional sources, including products and services to
market that are not controlled by Miramar. Indirect emissions include employee
commuting, business travel, waste management, and processing and transportation of
purchased materials.

Most public registries require reporting for Scope 1 and 2 emissions (Scope 3 emissions are usually
optional).

Executive order, EO 13514'* makes reducing GHG emissions a priority for Federal agencies. It
directs agencies to establish a Strategic Sustainability Performance Plan with reductions of scope 1
and 2 GHG emissions (with reduction of scope 3 emissions as a separate goal) in absolute terms by
fiscal 2020 relative to a FY 2008 baseline.

Analysis. The energy information gathered in this report was used to establish a preliminary GHG
emissions inventory for 2008. The energy efficiency measures and renewable energy projects
recommended were used as a preliminary template for establishing a GHG emissions baseline

" EPA Climate Leaders Greenhouse Gas Inventory Protocol. Design Principles. EPA430-K-05-005. May 2005.
www.epa.gov/climateleaders/documents/resources/design-principles.pdf. Accessed April 2010.
4 Federal Register. EO 13514, Federal Leadership in Environmental, Energy, and Economic Performance, Oct 8, 2009.
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reduction. NREL did not have all the information required to establish a complete inventory for
Miramar.

2.7 Baseline Greenhouse Gas Inventory

Boundaries. Determining the boundaries and scope of analysis is an important first step in
designing an organization’s carbon inventory. Many aspects of an organization’s carbon footprint
are difficult to quantify, and obtaining the data can be challenging. Emissions categories included in
an inventory will also vary across organizations because those that are important in one
organization may not significantly contribute to another’s overall inventory. Miramar’s carbon
emissions inventory operational and scope boundaries were established using the NZEI boundaries
and data. Guidance from the Recommended Public Sector GHG Accounting and Reporting
Protocol " were also used.

Operational Boundaries. Miramar’s GHG emissions inventory includes facilities that are within the
gated boundaries. Some of facilities Miramar has direct operational control, and data available,
while others are operated independently. The facilities that are considered in the GHG Inventory
are: Main Base, Clinic, Commissary, Brig, and Privatized Housing. Utility data for the Main Base
are controlled by NAVFAC, while the others are independently metered.

Scope Boundaries. The preliminary inventory for Miramar includes emissions from Scope 1 and
Scope 2 only.

e Scope 1—Direct emissions

o On-site fuel combustion. Natural gas is used to power boilers that heat some
facilities and domestic hot water. Natural gas is accounted for in this emissions
inventory.

o Fleet Vehicles. Miramar uses its fleet of vehicles for grounds maintenance,
security and other purposes. The majority of the vehicles are pickup trucks or
sport utility vehicles. The emissions from gasoline, compressed natural gas,
diesel and biodiesel used at Miramar are recorded in the preliminary inventory.

Data for the amount of diesel used for operation and maintenance (O&M) checks of backup
generators are not available at the time of this study, but should be included in the final inventory.
Emissions data from refrigerants are also not currently available for Miramar, but should be
included in the future under

Scope 1.

e Scope 2—Indirect Emissions from Electricity Purchased

o Purchased Electricity. Miramar purchases their electricity from NAVFAC.
NAVFAC contracts with SDG&E to provide electricity to Miramar. Emission
factors selected to calculate emissions associated with an organization’s
electricity consumption vary significantly. The most accurate calculation of
impact is based on the fuel mix of the specific utility that supports the
organization. Because site-specific emissions factors are often not available, state
or regional factors are typically used. The GHG Protocol relies on data associated
with the North American Electric Reliability Council (NERC) regions and EPA’s

> LMI Research Institute. Recommended Public Sector GHG Accounting and Reporting Protocol, Report IR803R1,
February 2009.
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corresponding eGRID sub-regions (Appendix J). For Miramar, NREL used the
emissions associated within the 2007 eGRID sub-regions for California
(CAMX). The emissions factors used for the inventory are provided in
Appendix J.

GHG Emissions. The GHG Emissions baseline calculated for 2008 shows that Miramar has an
overall GHG emission of approximately 30,183 tCO,. The primary source of the emissions (not
including jet fuel) is from the purchase of electricity. Table 10 shows baseline GHG emissions:

Table 10. Baseline GHG Emissions

Stationary Combustion Sources 7,001.39 tCO-e
Mobile Combustion Sources 1,229.87 tCO.e
Refrigeration / AC Equip. Use (Not Available) 0.00 tCO.e
Process / Fugitive (Not Available) 0.00 tCO.e
SF6 Usage (Not Available) 0.00 tCO-e
Total Direct Emissions 8,231.26 tCO.e
Purchased and Used Electricity 21,951.60 tCO-e
Total Indirect Emissions 21,951.60 tCO.e
Total Direct and Indirect Emissions 30,182.86 tCO.e
Total kWh of RECs 0.00 kWh
Total Reductions from RECs/Green Power 0.00 tCO.e
Total GHG 30,182.86 tCO,e

2.8 Utility Costs

The current cost of energy is one important factor in determining the economic viability of
investments in energy efficiency or renewable energy. Miramar’s energy is provided by SDG&E
through NAVFAC. NAVFAC operates and maintains the base distribution network and provides
utility service and billing. The average electrical and natural gas utility rates for the last six fiscal
years along with projected rates for the next year are shown below in the figures below. The FY
2011 rates are NAVFAC estimates.
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Figure 16. Average and projected energy prices

After the installation of renewable energy projects to achieve net zero electrical status, Miramar will
likely still need to pay NAVFAC for the O&M of its distribution network. NREL was told that the
current payments to NAVFAC are approximately $0.04 per kWh or $2,640,000 annually.
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Figure 17. Miramar actual and estimated natural gas rates

Miramar reported to NREL that there was no additional cost built into their natural gas rate. It was
unclear why the natural gas rates for the base had varied so dramatically over the last several years.
Figure 18 shows the national average commercial natural gas rate and the average California
commercial natural gas rate, as well as projected national average commercial rates for comparison
purposes.
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Figure 18. National and California average commercial natural gas prices

The projected national average natural gas price rates from the Energy Information Administration
2010 Energy Outlook were examined.'® The projected rates for the next ten years are shown in
Figure 19.
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Figure 19. Projected national average commercial natural gas prices

' U.S. Energy Information Administration. Annual Energy Outlook 2010. Early Release.
www.eia.doe.gov/oiaf/aeo/acoref tab.html.
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3 Energy Project Screening

3.1 Overview
Energy efficiency opportunities, renewable resources, and renewable energy project potential at
Miramar were screened to begin determining a net zero energy solution.

3.2 Energy Efficiency Potential

Buildings are responsible for the majority of the natural gas and electrical energy consumption at
Miramar. While new buildings have the greatest potential to reach net zero energy status, building
retrofits can also save a substantial amount of energy. A typical building can be retrofitted to reduce
energy consumption by 30%. Building energy efficiency was assessed for Miramar facilities in
order to determine the potential for additional energy efficiency investment.

Calculation of an EUI which measures site Btu per square foot for a building is a standard way to
compare the efficiency of one building to another. The total square footage of the facilities on the
Miramar base was given as 6.1 million ft*. The total Btu consumed for the entire base using
NREL’s baseline figures was 334 billion site Btu. Using these two numbers, NREL calculated an
EUI of approximately 55 kBtu/ ft* for Miramar. The energy manager at Miramar is required to
submit an annual report to the DoD on the energy consumption in the Main Base facilities. The
Main Base represents 82% of the total electrical load and 80% of the total natural gas load.
However, certain Main Base buildings are exempt from this reporting requirement, for example the
flight simulators are not included in this calculation. The total square footage that is included in this
report is 5.6 million ft*, thus approximately half a million ft*of base facilities are not included in this
reporting requirement. The reported EUI for the Main Base facilities was 49 kBtu/ ft* in 2008. This
implies that the non exempt Main Base facilities are slightly more energy efficient than the rest of
the base buildings. This is expected, as several high-energy-use facilities, such the flight simulators,
are buildings exempt from this reporting requirement. However, using either number, Miramar’s
EUI is low when compared to other commercial buildings. The average EPA ENERGY STAR"-
Certified commercial building has an EUI of 60 kBtu/ ft*. The FY 2008 DoD average was 107
kBtu/ ft* ' and the FY 2006 Federal government average was 113 kBtu/ ft*. However, Miramar is
located in a temperate climate zone that typically requires less energy use. Analysis of EPA
ENERGY STAR-Certified commercial office buildings in the City of San Diego yielded detailed

data for nine buildings with an average EUI of 54 kBtu/ ft*."®

A 2007 NREL report addressed the net zero energy potential of standard new commercial building
by climate zone."” Miramar is located in climate zone 3B, as shown in Appendix C. In this zone, a
new commercial building could be expected to have an EUI of 46. A breakdown by climate sector
is also provided in Appendix C. EUI’s are typically low for most subsectors in climate zone 3B.
However, the trend is clear, when comparing Miramar’s existing EUI with a variety of other EUI’s
for similar buildings in the same climate zone, the base is already very energy efficient.

7 Office of the Deputy Under Secretary of Defense. Department of Defense Annual Energy Management Report, Fiscal
Year 2008. US Department of Defense. January 2009. www.acq.osd.mil/ie/energy/library/DoDenergymgmtrpt08.pdf

. Accessed April 2010.

"®ENERGY STAR Web site: www.energystar.gov/index.cfm?fuseaction=labeled_buildings.locator. Accessed April
2010.

19 Griffith, L.; Torcellini, P.; Judkoff, R. Assessment of Technical Potential for Achieving Net Zero-Energy Building in
the Commercial Sector. NREL/TP-550-41957. Golden, CO: National Renewable Energy Laboratory, December, 2007.
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The Main Base facilities at Miramar have undertaken several energy efficiency projects in the last
few years and have reduced their energy consumption significantly. For example, daylighting and
lighting controls were installed in some of the warehouses and hangars, an ESPC was executed, and
significant water conservation measures have been enacted. In 2003, Miramar reported a
consumption of 319,749 MBtu for 5,612,000 ft’and an EUI of 57 kBtu/ ft. In 2008, the reported
EUI of 49 kBtu/ ft* represented a 14% reduction from 2003. E.O. 13423 mandates a 3% annual
energy efficiency improvement relative to the 2003 baseline between 2006 and 2015. This
represents a 30% total reduction. To meet this mandate, Miramar will need to achieve al6%
additional energy efficiency reduction and a EUI of 40 by 2015.

The building portfolio at Miramar is unique and does not simply match that of a commercial
buildings or even all of the categories listed in Appendix C. The pie chart in Figure 20 shows the
percentage of square footage at Miramar occupied by a particular building type. The detailed table
is provided in Appendix C.

Other
37%

Brig Garage
2% 3%

Figure 20. Miramar building portfolio breakdown

NREL was given building-level electrical and natural gas consumption data for 209 of the facilities
at Miramar. These facilities represented 25% of the total number of facilities and 31% of the total
base square footage. EUI values were calculated for these buildings, as detailed in Appendix C.
Organizing the EUI numbers for Miramar into specific categories enables the energy efficiency
potential to be analyzed more easily and makes savings opportunities become more apparent. For
example, the office buildings at Miramar have an average EUI of 67, which is higher than the
average ENERGY STAR-Certified building and indicates improvement potential. However, several
of the facilities at Miramar are supplied by common natural gas meters. Thus, the facility where the
natural gas meter is located may appear to have a EUI higher than its actual value because the
natural gas usage represents several buildings.

Despite the base’s already low EUI and past energy efficiency investments, there is potential for the
buildings at Miramar to become even more energy efficient in a cost effective manner.
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3.3 Renewable Energy Resource Assessment

NREL began its analysis of the renewable energy generation potential of Miramar by examining the
high-level resource potential. The analysis includes Miramar-specific solar and wind resource maps,
as well as national biomass and geothermal resource maps. Appendix G shows the renewable
energy resource maps provided by the NREL GIS group. Overall, the maps indicate good solar
resource potential, moderate geothermal and biomass potential, and poor wind potential.

Solar. The solar resource map for PV shows that the entire Miramar site falls in the 6.0 to 6.5
kWh/m?/day category, which indicates a high resource capability. The direct normal solar resource
is also significant, with the east half of Miramar having resource in the 5.0 to 5.5 kWh/m*/day
category and the west half in the higher category of 5.5 to 6.0 kWh/m?/day.

Wind. The wind resource for all of Miramar is in the Class 1 category, which is very low.

Biomass. The largest potential feedstock for Miramar would be urban wood waste, at 278,928 tons
per year and municipal solid waste (MSW) of 1,100,000 tons per year.

Geothermal/Ground Source Heat Pump. Information on the direct geothermal resource at Miramar
was not available. The national version of the geothermal resource map indicates moderate
geothermal project potential at the site. Southern California has several geothermal projects, but the
industry is not fully developed and project costs would likely be higher than average.

3.4 Renewable Energy Optimization
In addition to the basic resource assessment, the NREL team conducted an initial assessment of the
renewable energy opportunities for Miramar based on high-level energy data provided by Miramar
and the Navy staff, using resource potential and NREL’s REO software tool. The initial screening
evaluated the following technologies:

e PV

e Wind

e Biomass gasifier/cogen

e Daylighting

e Solar thermal or CSP

e Solar hot water

e Solar vent preheating

e Anaerobic digesters.

The REO analysis determined the basic technical and economical feasibility of the use of these
technologies at Miramar. Several separate REO scenarios were analyzed using the NREL baseline
consumption data of 66,543,615 kWh of electricity, 131,615 MBtu of natural gas, and a total
installation building size of 6,109,743 ft*.

When the REO was allowed to optimize a net zero energy solution for Miramar using all of the
technologies above, the software suggested using a large amount of wind power, despite poor
resource availability. This was due largely to the generous incentives available for wind power.
However, Miramar was concerned about the impact of large wind turbines on the flight missions of
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the base due to potential radar reflectivity. As a result, wind turbines were eliminated from further
analysis for the net zero energy solution. Additionally, REO suggested using solar vent preheating
technology at Miramar. This technology was also eliminated from further consideration due to base
concerns. Finally, REO found that an anaerobic digester would likely not be cost effective and the
base surrounding area did not have the required waste resource, so this technology was eliminated
from further analysis.

To achieve net zero energy without using wind or solar vent preheat, REO suggested using a
combination of daylighting, PV, solar thermal, and biomass renewable energy technologies.
Additional details on the REO analysis are provided in Appendix B.

Miramar will likely sign a PPA for 25,000 MWh of electricity to be generated annually from
landfill gas. This scenario was also included in several REO analysis runs. The basic results were
similar, but the recommended technology sizes were changed. Additional details on the REO
analysis are provided in Appendix B. Through discussions with the base, it was determined that
Miramar does not have the available area for the relatively large solar thermal project suggested by
REO at this time, but the base landfill area may be available in the future. Thus, the most likely
technology solution was a combination of landfill gas electric power, solar hot water, daylighting,
PV, and biomass projects. This REO solution is presented below.

To achieve net zero energy solution that includes the landfill gas PPA and excludes the use of wind,
solar thermal, or solar vent preheating technologies, REO suggested the following technology sizes:
e 115,967 ft* solar water heating
e 8.2% non-office daylighting (skylight to floor area in square feet)
e 5.6% office daylighting (skylight to floor area in square feet)
o 23,742 kW of PV
e 20.3 MBtu/hr biomass gasifier with a 2204 kW co-gen system.

In summary, several technologies were eliminated from further analysis and a proposed landfill gas
PPA was included in the analysis based on the resource assessment, REO screen, and discussions
with Miramar. Technologies eliminated from additional analysis are wind, solar vent preheat, and
anaerobic digestion. Technologies to be analyzed further are PV, solar thermal, ground source heat
pumps, solar hot water, daylighting, and biomass.
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4 Energy Efficiency Project Assessment and Recommendations

41 Overview

Before conducting further analysis of the renewable energy generation technologies, NREL
evaluated Miramar’s energy efficiency improvement potential. Energy efficiency and conservation
analysis were conducted first as they will reduce the electrical and natural gas loads at the base and
the sizes of the renewable energy systems required. Additionally, energy efficiency is typically the
most cost-effective energy project investment.

Miramar has several projects already planned to increase the efficiency of its building portfolio.
Analysis was conducted on the planned energy efficiency projects on the base as well as further
energy efficiency improvement opportunities.

The estimated savings potential is shown below.

e Total electrical reduction = 10,676 MWh or 16.0% electrical load reduction
e Total natural gas reduction = 14,104 Site MBtu or 10.7% natural gas load reduction

e Total Btu reduction = 13.3% reduction.

4.2 Planned Efficiency Projects

Boiler Replacement and Solar Thermal Hot Water. Miramar was recently awarded American
Recovery and Reinvestment Act (ARRA) funding for a proposal to replace boilers and add solar hot
water systems to buildings in base areas 6, 7, and 8.?° Solar hot water systems will be added to
buildings that have large hot water loads and existing storage tanks. These include six buildings in
Area 7, one in Area 8, and one in area 9. The remaining buildings without storage tanks and a large
load will likely receive tankless water heaters. The total projected savings are 2,950 MBtu of natural
gas, which represents 2% of the total baseline natural gas consumption of Miramar. Additionally,
the project is projected to save 520 MWh of electricity which represents about 0.8% of the total
consumption. About 15% of the total natural gas savings are estimated to be a result of the proposed
solar hot water systems and 85% are estimated to be a result of energy efficiency improvements.?!
The main driver of this project was not to save energy, but to replace outdated boilers nearing the
end of their useful life and reduce operations and maintenance costs. Miramar estimated it is
currently spending $600,000 per year to maintain these boilers.

Energy Saving Performance Contract Proposal. An ESPC proposal was prepared for Miramar in
August of 2008. The proposal contained a variety of energy savings opportunities. Miramar was
unable to execute the contract, but remains interested in energy efficiency improvements and plans
to solicit a new ESPC proposal in the near future.

4.3 Assessment of Additional Energy Efficiency Projects.

It was beyond the scope of this project to conduct detailed energy audits of the approximately 800
installation facilities at Miramar. However, through discussion with base personnel, analysis of the
previous efficiency work, and a visit to several of the facilities on base, the savings potential for
energy efficiency investment at Miramar was estimated.

2 The Installation at Miramar is broken down into nine base areas. Each base area represents a specific location and
group of facilities on the installation.
! Base Energy Manager Randy Monahan.
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Total electrical reduction = 10,676 MWh or 16.0% electrical load reduction
Total natural gas reduction = 14,104 Site MBtu or 10.7% natural gas load reduction
Total Btu reduction = 13.3% reduction

The savings estimates are shown below by facility category and energy conservation
measure:

Main Base. (16% site Btu reduction needed to meet Federal mandates)

= Electrical reduction = 9228 MWh or 14% of total baseline electrical load
e ECM estimated savings = 8721 MWh
4989 MWh controls and retro-commissioning
557 MWh plug loads
1428 MWh exterior lighting
200 MWh chillers
1099 MWh daylighting in warehouses
430 MWh interior lighting savings in offices
5 MWh refrigerator replacement
520 MWh planned ARRA funded boiler replacement project
e ECMs in which savings were not estimated
¢+ Replacement of rooftop package unit air conditioners with more efficient models
=  Natural gas reduction = 11,844 MBtu or 9.0% of baseline natural gas load
e ECM estimated savings = 11,844 MBtu
¢+ 2,950 MBtu planned ARRA funded boiler replacement project
+ 8,894 MBtu controls
= ECMs in which savings were not estimated
¢+ Reduction from reduced water use
¢+ Reduction from right sizing of hot water systems in hangars and warehouses
Commissary and Exchange.

* & & & o o o o

= Electrical reduction
e ECM estimated savings = 921 MWh
¢+ 921 MWh from lighting and refrigeration
= Natural gas reduction
e ECM estimated savings = 63 MBtu
¢+ 63 MBtu from use of refrigeration waste heat
Privatized Housing.

= Electrical reduction = 13% of housing load or 527 MWh
e ECM estimated savings = 527 MWh or 13% of housing load
¢+ 139 MWh programmable thermostat
¢+ 199 MWh interior lighting
¢+ 189 MWh installation of more efficient ENERGY STAR appliances
- Assume ENERGY STAR refrigerators use 20% less energy
- Assume ENERGY STAR washing machines use 33% less energy
- Assume ENERGY STAR dish washers use 31% less energy
- ECMs where savings were not estimated
v’ Installation of more efficient air conditioners up to 75% savings
+ Natural Gas reduction = 27% of housing load or 2,197 MBtu
- 1185 MBtu programmable thermostat
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- 1,012 MBtu low flow showers and faucets
v" Assume low flow faucets use 18% less energy
Assume low flow showers use 20% less energy
4.4 Main Base Facilities
The Main Base facilities represent the vast majority of the energy use at Miramar: 82% of the total
electrical load and 80% of the total natural gas load. Numerous recommendations were developed to
reduce energy usage in these facilities. Energy conservation measures that apply across all building
categories are listed first and then several specific building categories where walkthroughs were
conducted are examined in further detail.

Base-Wide Conservation Measures

HVAC

Chillers. Many of the current facilities at Miramar are operating moderately efficient chillers. It is
recommended that they install more efficient chillers. Buildings 7490, 7494, 7550, 7690, 8380,
8477, 8671, 9170, and 9211 were previously analyzed for potential chiller retrofits. These buildings
represent a total of 319,521 ft*. The estimated savings from these upgrades would be approximately
200,000 kWh. It is recommended that additional facilities be analyzed for chiller upgrades as these
are likely to have significant savings potential as well.

Air Handling Units. The majority of the air handling units (AHU) at Miramar are already variable
air volume (VAV) systems. However, upgrading the remaining units to VAV systems would save

energy by reducing the amount of air that needs to be heated or cooled. It is recommended that the
AHU across the base be evaluated and appropriate units to upgraded to VAV models.

Boilers. The efficiency of the boilers at Miramar varies; some of the boilers are very efficient while
others could be replaced to save a substantial amount of energy. It is recommended that the boilers
not replaced in the ARRA-funded retrofit be examined. Boilers with efficiencies less than 85%
should be examined for replacement potential with high efficiency boilers that can achieve up to
95% efficiency.

ENERGY STAR Refrigerators

Replacing refrigerators on the Main Base with ENERGY STAR models could provide energy
savings. Small refrigerators are located in each of the barracks housing units and it was assumed
that the office buildings contained them as well. Savings would vary by the model being replaced,
but would be 50 to 200 kWh per year. Assuming 50 refrigerators are replaced and the energy
savings are 100 kWh per year for each, the total energy savings would be approximately 5,000 kWh
per year or 5 MWh.

Controls

During the site visit, many of the building control systems at Miramar were found not to be
operating optimally. For example, several buildings were being heated during a 70°F day and
building exterior lights were turned on during the day. Base personnel stated the need for numerous
control system upgrades and for building retro-commissioning. It was estimated that all of the
buildings 10,000 ft* and larger contained control systems. The total area of these buildings is about
4.2 million ft* or 69% of the total base facility area. It was assumed these buildings accounted for
approximately 69% of the energy use on the base for a total electrical load of 45,000 MWh and
90,000 MBtu. A subset of these buildings was previously analyzed for control system improvement
potential. These buildings were all managed by direct digital controls (DDC) control systems. The
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majority of these buildings could benefit from control upgrades and retro-commissioning. Some of
the potential control upgrades include:

e Boiler optimization

e Chiller optimization (chilled water reset and sequencing)

e Cooling tower optimization (recommendation to only run as many fans as needed to
meet condenser water set point)

e DDC controls

e FElectric demand limiting

e Static pressure set-point adjustment

e Mixed air dampers — for economizer

e Night setback

e Night purge (building precooling at night)
e Occupancy sensor control

e Lighting scheduling (centralized lighting control)
e Optimal start/stop HVAC systems

¢ Outdoor air reduction

e Supply air reset

e VAV and variable pumping

Savings ratios for the previously analyzed buildings were calculated on a per ft* basis and this ratio
was applied to the larger set of buildings. However, the natural gas savings per ft* was reduced by
1/3 to account for the more efficient boilers and solar hot water systems already being installed.
This reduction was necessary because the new systems will be more efficient and use less energy
than the systems that were in place when the previous analysis was conducted. Additionally, it was
assumed that only 75% of these estimated savings could be realized. The savings calculations are
shown in Table 11.
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Table 11. Estimated Savings from Control Upgrades and Retro-commissioning

Controls ECM

ft* Analyzed 405,176
Elec Savings (kWh) 638,047
Gas Savings (MBtu) 1,723
Elec Savings Per ft’Analyzed 1.575
Gas Savings Per ft° 0.0028
Potential Building Type 10,000 ft* and up
Total Potential ft* 4,224,071
Elec Potential Savings (kWh) 6,651,809
Gas Potential Savings (MBtu) 11,858
% Captured 75%
Est. Elec. Savings (kWh) 4,988,857
Est. Gas Savings (MBtu) 8,894

In this scenario, the total estimated savings are 4,989 MWh and 8,894 MBtu. Comparing these
savings to the total estimated load for these buildings shows a savings of 11% of the electrical load
and 10% of the natural gas load. The American Council for an Energy Efficient Economy (ACEEE)
estimated that retro-commissioning could save 5% to 20% of building energy consumption.?? Thus,
savings estimates that include both control system upgrades and retro-commissioning seem
reasonable. Building commissioning should be viewed as a continuous process and revisited on a
regular basis to ensure that the buildings are operating optimally as their use, set points, and other
requirements may change over time.

Plug Loads

NREL used its screening tools to estimate the potential for plug load reduction at Miramar. NREL
examined several vending machines on base. None of the machines contained vending misers, but
some had been delamped. Additionally, base personnel stated that no computer power management
programs were used. Savings were estimated for installing 50 vending machine misers, delamping
25 vending machines, using power management on software on 1,500 computers (200 laptops, 600
desktops with CRT monitors, and 600 desktops with LCD monitors). Table 12 shows the projected
savings from these measures. The majority of the savings are provided by the computer
management program which has a very attractive 0.86 year payback. The total savings are 557
MWh per year.

2 Thorne, J.; Nadel, S. Retrocommissioning: Program Strategies to Capture Energy Savings in Existing Buildings.
A035. Washington, DC: American Council for an Energy Efficient Economy, June 2003.
http://old.aceee.org/pubs/a035.htm. Accessed April 2010.
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Table 12. Projected Savings from Plug Loads

‘ .
Energy Annual  Annual Simple Discounted Net LA
c . Cost O&M  Implementati Payback Present
onservation Savi . Payback
Measure avings Costs onCosts($) Period Period (yrs) Value
(%) (%) (yrs) | (NPV)
Install Vending
1.1 Machine 70,080 | $11,213 $0 $17,000 1.52 1.61 $237,500 14.97
Misers
De-Lamp
Vending
1.2 Machine 10,950 $1,752 $0 3,750 2.14 2.29 $36,016 10.60
Advertising
Lighting
Activate
13 C‘F’,'L‘V‘i‘étrer 475534 | $76,085 | $4500 | 61825 0.86 0.91 $1550,060 | 26.07
Management
Totals 556,564 | $89,050 | $4,500 $82,575 0.98 - $1,823,576 | 23.08
Exterior Lighting

Exterior lighting is estimated to represent approximately 8% of Miramar’s electrical load. The base
is planning to replace 600 street lights with solar powered models. The base will be replacing 450W
lights with lights that use solar power and batteries to fully power themselves. Assuming that these
lights operate every day for an average of 11 hours, the energy savings would be 1,264 MWh per
year. This represents 1.9% of the total base electrical load.

Additionally, upgrades were recommended for exterior wall pack lighting fixtures. Replacing the
500 existing 175W wall pack fixtures with 93W compact fluorescent lighting (CFL) wallpack
fixtures would save approximately 164 MWh of electrical energy per year.

It is recommended that all of the exterior lights on the buildings at Miramar be placed on automatic
timers or connected to photoelectric sensors to ensure that they do not operate during the daytime
hours.

Heat Pumps

Air-source. Air-source heat pumps provide the opportunity to reduce base energy consumption.
Air-source heat pumps are electric pumps that use the temperature difference between outside and
inside air to heat a building. The pumps are commonly used in moderate climates such as San Diego
and would be a good fit for Miramar. The use of air-source heat pumps provides the opportunity to
switch from natural gas-fired heating systems to electrically powered heating systems. It was
estimated that approximately 34% of the Miramar’s natural gas consumption was used for building
heating. If the base switched to air-source heat pumps, the energy used for heating would be
reduced by 66% due to the greater efficiency of air-source heat pumps relative to natural gas
systems. The total heating load is estimated at 45,000 MBtu of natural gas. Using air-source heat
pumps would reduce this value to 15,000 MBtu of electricity. If Miramar were to use renewable
electric energy to power the air-source heat pumps, the base would not only improve on the goal of
becoming a NZEI, but would have increased energy security because the energy used for heating
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would be generated and consumed onsite. Assuming an electricity price of $0.16 per kWh, the use
of air-source heat pump would be cost effective at a natural gas energy price of $16.21 per MBtu.
The price paid per MBtu of natural gas by Miramar has historically varied between $10 and $25 per
MBtu. Due to this price variability, it is difficult to determine the cost effectiveness of air-source
heat pumps at Miramar. Since natural gas prices are so volatile at the base and are currently at
historically low national prices, NREL does not recommend switching to air-source heat pumps at
this time.

Recommended Action: None

Ground-source. GIS map analysis showed moderate geothermal resource potential at Miramar.
NREL examined the possibility of using GSHPs to provide both cooling and heating. GSHPs are
electrically powered and use the constant temperature of the earth to provide both a heat sink and
source. Thus, GSHP can be used to provide both energy-efficient heating and cooling.

In 2007, the DoD conducted a study of the potential for GSHPs at various military installations.”
Four GSHP projects were found in the same climate zone as Miramar. However, economic details
of these projects were not available. The report analyzed the locations of installed GSHPs at various
DoD facilities and found that 60% of the total projects and 90% of the installed capacity were for
housing units. A substantial portion of the housing units at Miramar have been privatized and
installation of GSHPs would require coordination with private contractors responsible for housing
at Miramar. The DoD also conducted a payback analysis for GSHPs in various cities. For San
Diego, analysis was conducted on various system configurations (vertical bore and hybrid GSHP),
building types (classroom, administration, and barracks), and soil types (heavy sat, damp heavy,
damp light). In each scenario, the payback for a system in the San Diego area was greater than 25
years, regardless of configuration. The analysis did not examine the economics of open-loop
systems tied to a ground-water or reclaimed water source. While San Diego does not have large
amounts of ground water available in most areas, a GSHP system could potentially be used at
Miramar along with the purple-water system. (Miramar has an existing purple water system that
uses reclaimed water for irrigation) In this scenario, the costs of system installation would be
reduced. However, an economic analysis would be needed to determine the cost savings and impact
of switching from natural gas heating to electrically powered GSHPs.

Recommended Action: Further analysis of the installation of GSHP tied to the purple-water system
at Miramar.

Hybrid Evaporative Cooling Roof Top Units
Current Condition: Many of the smaller buildings at Miramar are currently conditioned by standard
roof top units. These units use a direct expansion (DX) refrigeration cycle to cool the building.

Recommended Action: Replace the standard DX roof-top units with hybrid indirect evaporative-
cooling units. These units operate on a system that uses both evaporative cooling and the traditional
refrigeration cycle. Indirect evaporative cooling cools the space without adding humidity to the
conditioned air. While evaporative cooling works best in arid climates and has traditionally had
limited applications, the development of a hybrid system has greatly expanded the application and

» Deputy Under Secretary of Defense. Report to Congress: Ground Source Heat Pumps at Department of Defense
Facilities. Washington, DC: Office of the Secretary of Defense, January 2007.
www.acq.osd.mil/ie/energy/library/GSHP-Report JAN242007.pdf. Accessed April 2010.
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climate range for which it is practical. Climate data show that Miramar is a suitable location for
hybrid evaporative cooling in its small commercial buildings. Tests performed at NREL
demonstrate the potential for 75% savings in cooling energy when using this type of unit instead of
a standard DX cooler. The analysis for this ECM was performed based on products and
technologies developed by the Coolerado Corporation.

Miramar has many office buildings and housing units for which this recommendation would be
appropriate. Several evaporative cooling units could be combined to serve large buildings where a
single unit cannot cool the entire load. These units work best in small to medium-sized buildings
and it is recommended that the larger facilities continue to use centralized chillers. Cooling is
estimated to account for 15% to 20% of the electrical load in conditioned buildings at Miramar and
savings of 75% of this energy could be significant for the base.

4.5 Specific Main Base Facilities

Offices. There are 39 buildings categorized as office buildings on the Main Base at Miramar. They
comprise an area of 534,000 ft*. The average building size is 13,691 ft*. Offices comprise 8.74% of
the total installation building square footage. Offices at Miramar were found to have an EUI of 67.

Analysis of detailed data for EPA ENERGY STAR-certified office buildings in the City of San

Diego yielded nine buildings with an average EUI of 54 kBtu/ ft*.** Miramar could achieve EPA

ENERGY STAR certification for its office buildings with approximately a 20% EUI reduction.
NREL conducted a walkthrough of office building 8380 to assess energy efficiency improvement
potential. The load profile for building 8380 is shown in Figure 21.

Energy Load Profile Building 8380
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Figure 21. Energy load profile building 8380

Potential Improvements and Savings Estimates

Install Occupancy Sensors in the Office Spaces, Work Spaces, and Bathrooms

Current Condition: There are few working occupancy sensors currently installed in the office
buildings at Miramar. Occupancy sensors can save considerable energy by turning off the lights
when spaces are unoccupied. Large cubicle workstation areas, conference rooms, private offices,
and restrooms comprise the majority of the lighting load in a typical office building. It is likely that

* ENERGY STAR Web site: www.energystar.gov/index.cfm?fuseaction=labeled_buildings.locator. Accessed April
2010.
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many of these areas are intermittently occupied or vacant throughout the course of the day, and
installing occupancy sensors could achieve energy savings.

Figure 23. Typical open-space ceiling-mounted sensor application and coverage

Recommended Action: Install ceiling-mounted infrared occupancy sensors to automatically activate
and deactivate space-lighting circuits based on occupancy. This measure will not reduce peak
demand, but will reduce annual energy consumption.

Estimated Energy Savings of 149,112 kWh/yr.

Assumptions:

e The calculation assumes an average lighting power density of 1.3W/ ft* for 39 buildings.
e 30% of the total electric use for the buildings was assumed to go to lighting.

e 80% of the lighting was assumed to be appropriate for occupancy sensor control.

e 10% lighting energy savings from occupancy sensors were assumed.”’

Replace the 32 W Linear Fluorescent T-8 Lamps with 256 W T-8 lamps

Current Condition: The majority of lighting in the office buildings at Miramar is provided by
standard 32 W T-8 linear fluorescent lamps. The NREL audit team took light level measurements in
Office Building #8380 and found that most of the spaces in the building were over-lit based on the
lighting standards developed by the Illumination Engineering Society of North America (IESNA).

Recommended Action: Replace the existing with 32 W lamps with 25 W T-8 lamps. While this is
likely a simple measure to implement, the current ballasts should be checked to be certain that they
are compatible with 25W lamps. If they are not, new ballast should be considered. This measure can

» American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) Standard 90.1
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be implemented at once or phased in with the established cycle of lamp and ballast replacements.
This measure will reduce lighting levels in the building by 15% to 25%, bringing Miramar closer to
the IESNA recommended standards.

Estimated Energy Savings of 305,796 kWh/yr.
Assumptions:

e The calculation assumes an average lighting power density of 1.3 W/ ft* for 39 buildings.
e 30% of the total electric use for the buildings is assumed to go to lighting.

e The savings calculations for these lighting control measures are provided in Appendix E.

Unrefrigerated Warehouse in San Diego
Energy Use Breakdown
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Figure 24. Unrefrigerated warehouse in San Diego energy use breakdown

Warehouses. Warehouses comprise 17.6% of the total facility area at Miramar. The base has 50
buildings categorized as warehouses with a total area of 1,084,432 ft*. The average size is 21,689
ft*. Many of the warehouses also have small amounts of office space in them. The average EUI for a
warehouse at Miramar was 19. The national average EUI of a warehouse in the 2003 Commercial
Building Energy Survey was 45. However, 43% of the load in a standard warehouse is from heating
and 2.9% is from cooling. The warehouses at Miramar are largely unconditioned, which likely
accounts for this large difference. The estimated end use energy breakdown of an unrefrigerated
warehouse in San Diego is shown in Figure 24.

NREL conducted walkthroughs of warehouses 6001 and 7209 to examine energy efficiency
potential. The load profiles for these buildings are shown in the following figures.
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Energy Load Profile Building 6001
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Figure 25. Energy load profile building 6001
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Figure 26. Energy load profile building 7209
(natural gas load data were not available for building 7209)

Potential Improvement and Savings Estimate: Approximately 33% of the warehouses have
daylighting systems installed. Recommend expanding daylighting to more facilities. If daylighting
was installed on the remaining warehouses, the total building area would be 715,725 ft>. The
lighting load for a warehouse is estimated to be 13.1 kBtu per ft*, or 3.84 kWh per ft>. The total
lighting load for the remaining warehouse is estimated at 2,748 MWh. Daylighting systems could
reduce this load by 20% to 60%. Assuming a 40% reduction the savings would be 1,099 MWh. This
would represent a reduction of 1.7% of total base electrical load.

Findings without recommended improvements: All warehouses use T-8 lighting with automatic
controls. The warehouses are largely unconditioned. Several of the warehouses appeared to have
oversized and outdated boilers. These boilers are scheduled for resizing and replacement with more
efficient models under the ARRA-funded boiler replacement project.

Hangars. Hangars comprise 12.2% of the total facility area at Miramar. There are 12 buildings
categorized as hangars totaling 744,878 ft* with an average size of 62,073 ft>. Several of the hangars
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also contain office space of about 15% of the total square footage. Excluding Building 7125, which
is not a traditional hangar, the average EUI for the hangars at Miramar is 55. .

Table 13 shows hangar details.

Building

Number

Table 13. Hangar Consumption Breakdown

Area
(ft)

TYPE

Data
Electric
(MW)

Data Nat
Gas
(MBtu)

0]
(kBtu/ ft?)

7125 Avionics Tact Van Pads 5,201 Hangar 995 1391 920
7550 Administration Bldg.. 53,402 Hangar 1113 794 86
9010T Maint. Power Line VMFAT 2,245 Hangar 0 0 0
9170 KC-130 Hangar 0 53,394 Hangar 615 476 48
9215 Aircraft Maint Hangar 127,904 Hangar 1553 1308 52
9223 Aircraft Line Operations Bldg. 1,357 Hangar 2 0 4
9277 Aircraft Maint Hangar 133,694 Hangar 480 2159 28
9470 Aircraft Maint Hangar 127,829 Hangar 712 0 19
9500 Aircraft Maint Hangar 84,101 Hangar 899 1903 59
9570 Aircraft Maint Hangar 55,287 Hangar 745 0 46
9645 X-RAY Operator Enclosure 260 Hangar 0 0 0
9670 Hangar #6 100,203 Hangar 1312 0 45
Total 744,878 8,425 8,030

Figure 27. Daylighting system on hangar (Credit: NREL)

NREL conducted a walkthrough of Hangar 6 (Building 9670). Many of the hangars already contain
updated lighting systems with lighting controls and daylighting. Figure 27 shows the daylighting on
the roof of Hangar 6.

The load profile for Hangar 6 was not available. The load profile of Hangar 2 (Building 9215) is
shown in Figure 28.
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Energy Load Profile Building 9215
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Figure 28. Energy load profile building 9215

The hangars at Miramar exhibit a larger amount of natural gas use than would be expected from
unconditioned space. The average EUI of 55 for the hangars is more similar to that of an office
building than a warehouse. The warehouses at Miramar had an EUI of 19. It is expected that the
hangars would have an EUI similar to this if they were primarily unconditioned space with limited
hot water usage.

Potential Improvements:

o NREL observed that the lighting control systems were not functioning properly in every
hangar; hangars with adequate daylighting had lights turned on during the day. NREL
recommends ensuring that lighting controls are functioning properly and that controls
are not being overridden on a continual basis. The U.S. Environmental Protection
Agency (EPA) estimates that warehouses have a 45% to 80% potential energy savings
when using lighting occupancy sensors. Interior lighting is typically the largest energy
user in an unrefrigerated warehouse; therefore, there is significant energy savings
potential from properly using lighting occupancy sensors and having the sensors
commissioned to function properly.

e The hangars were found to contain large domestic hot water boilers and tanks. The
domestic hot water loads in the hangars are estimated to be minimal and the systems are
likely oversized. NREL recommends installing either a smaller-sized boiler or on-
demand electric heating units at sinks in the hangar.

e Several of the hangars use propane fuel for water and space heating. This is because the
natural gas pipeline does not extend to all of the hangars. NREL recommends extending
the pipeline and using natural gas for these systems. This will provide cost savings and
GHG reduction.

¢ In the previous efficiency analysis, several lighting upgrades were recommended for the
high bay lighting systems in the hangars. It appears that several of these
recommendations have already been implemented to reduce lighting load. However,
these suggestions should be revisited to ensure that they have all been implemented.

37



Findings without recommended improvements: The hangars contained daylighting systems, they
contained lighting controls, and they were largely unconditioned.

Barracks. The barracks in Area 5 of the Main Base at Miramar provide housing for the remaining
service personnel on the base. The barracks are dormitory-style housing. The buildings are heated
and cooled by several centralized plants. Pictures of several of the barracks and some of the heating
systems are shown in the following figures:

Figure 29. Barracks buildings (Credit: Samuel Booth, NREL)

Figure 30. Hot water storage tank 5710 (Credit: Samuel Booth, NREL)
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Figure 31. Boilers in 5710 (Credit: Samuel Booth, NREL)

Load profiles for several of the buildings that provide centralized heating are shown in the
following figures. Building 5702 contains the hot-water heating systems that feed heat pumps in
approximately half of the barracks. Building 5710 contains domestic hot-water heating systems.
Building 5402 represents the typical electrical load of a barracks facility.
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Figure 32. Energy load profile building 5702
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Energy Load Profile Building 5710
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Figure 34. Electrical load profile building 5402

Potential Improvements:

e Replace barracks refrigerators with more energy-efficient units.

¢ Install occupancy monitoring devices such as card readers to ensure that non-occupied
units are not being heated or cooled.

e Replace centralized heating systems with renewable powered CHP systems (see section
on CHP for more information).

Other Facilities. Facilities in the “other” category comprise the large fraction of base area. There
are 282 facilities listed in this category. These facilities total 1,773,200 ft* and 29% of the total base
square footage. The average facility size is 6,288 ft*. EUI data were obtained for 63 of these
facilities with the average EUI of 208. This average is skewed to the very high end by facilities such
as flight simulators, compressed air plants, and aircraft fueling facilities that use large amounts of
energy relative to their size. NREL recommends that these facilities be analyzed for energy
efficiency improvement potential.

Commissary and Exchange. The Commissary and Exchange are on-site commercial facilities
operated by the Defense Commissary Agency that provide goods and services to military personnel
and their families. These facilities are not controlled by the base energy manager and receive
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separate utility bills. NREL was able to obtain the energy consumption data for the Commissary,
but not for the Exchange. The Commissary averaged 3,936 MWh per year of electrical energy
consumption between 2001 and 2008 with no significant change in annual consumption. The
natural gas use at the Commissary has varied substantially in this time from annual consumption in
the range of 644 MBtu per year to 3,880 MBtu. NREL used the time period from June 2007 to June
2008 for its conservative baseline of 1,252 MBtu per year. Using 3,936 MWh and 1,252 MBtu, the
EUI for the 103,539 ft* Commissary is 141. The Commissary represents 6.4% of total base electrical
energy consumption and 1.0% of total base natural gas consumption. The average food sales
building in the 2003 Commercial Building Energy Survey has an EUI of 200.?° The average energy
use breakdown of a food sales building is shown in Figure 35.
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Figure 35. Food sales energy use breakdown

The end use of energy at the Exchange at Miramar would likely be similar to that of a retail store in
the Commercial Building Energy Survey. The end use breakdown is shown in Figure 36.

6 EIA. “2003 Commercial Building Energy Consumption Survey, Energy End-Uses, October 2008, Table E.2A.
http://rfflibrary.wordpress.com/2008/10/15/2003-commercial-buildings-energy-consumption-survey-detailed-tables/.
Accessed April 2010.

41


http://rfflibrary.wordpress.com/2008/10/15/2003-commercial-buildings-energy-consumption-survey-detailed-tables/�

Retail Store Energy Use Breakdown
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Figure 36. Retail store energy use breakdown

NREL conducted brief walkthroughs of the main areas of the Commissary and the Exchange, and
did not visit the building mechanical rooms. Several opportunities for savings were identified.

Potential Improvements:

The majority of the energy use at the Commissary is estimated to come from
refrigeration. 85 W T-12 lights are being used in the freezers and each freezer contains
26 light bulbs. There are two freezer sections in each row and four rows of freezers.
NREL recommends switching the light bulbs in the freezers to LED bulbs to save both
cooling and lighting energy. The current incandescent bulbs release significant amounts
of heat and increase the refrigeration energy requirements. Additionally, NREL
recommends installing light sensors on the freezers. Savings from the reduced lighting
load are estimated to be approximately 100,000 kWh per year or 341 MBtu. The heat
produced by the bulbs increases energy requirements for the freezers 25% to 50%.’
Assuming a 37% reduction in refrigeration load, and assuming that 47% of the total Btu
is used for refrigeration, the savings would be 748 MWh or 2,553 MBtu. Total savings
for this project would be 2,894 MBtu.

NREL recommends that the Commissary use waste heat from refrigeration to reduce its
heating load requirements. Heating load is estimated to comprise 15% of the energy use
in an average food sales store. Assuming a savings of 5% of the Commissary’s natural
gas load, the savings would be 63 MBtu.

The Exchange contained large numbers of small halogen light bulbs. NREL
recommends switching these halogen bulbs to LED bulbs that provide the same lighting
characteristics but use substantially less energy. Assuming there are 500 50W halogen
bulbs, the savings would be approximately 73,000 kWh or 249 MBtu. These lights are
shown in Figure 37.

27 Lighting the Way to Greener Retail. Nualight. www.nualight.ie/datasheets/Research_Paper 05_08.pdf. Accessed

April 2010.
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Figure 37. Exchange shopping area (Credit: Samuel Booth, NREL)

Findings without recommended improvement: Lighting levels in the Commissary were
appropriate.

Brig. The Brig at Miramar is a separate facility complex located in Area 7. The brig facilities are
not controlled by the Miramar base energy manager and receive their own utility bills. The brig
contains approximately 151,223 ft* of facility space. The baseline energy consumption for the Brig
is 2,657 MWh and 15,637 MBtu. This represents 4.4% of total base electrical energy consumption
and 12.2% of total base natural gas energy consumption. The Brig has an EUI of 163.

The Brig is outside the control of the base energy manager and was not assessed for energy
efficiency improvement potential. However, it was recently announced that the Brig will be
replacing boilers and installing two microturbine systems.”® This project will likely significantly
reduce the energy consumption at the Brig.

4.6 Privatized Housing

The Miramar installation contains a large number of housing units for military personnel and their
families. These units are operated and managed by Lincoln Military Housing. The housing facilities
are not controlled by the Miramar base energy manager and receive their own utility bills. The
residents of the housing facilities receive unlimited utilities with their rent, so they have limited
incentive to conserve.” There are approximately 223 structures, containing approximately 527
housing units on base at Miramar. The majority are multiple-unit townhouse-style units. However,
there are single family homes available for officers and select enlisted individuals. The approximate
size breakdown is 183 two-bedroom units, 168 three-bedroom units, 126 four-bedroom units, and
50 five-bedroom units. *° The size of units ranges from approximately 950 ft* for a two bedroom
townhouse to approximately 2,500 ft*for the largest four bedroom a single family home.*! The total

¥ Recovery Act to Replace Boilers at San Diego Marine Air Station. NAVFAC.
https://portal.navfac.navy.mil/portal/pls/porta/APP_ PAO.PRESS RELEASE FULL DYN.show?p ar
d&p_arg_values=3487. Accessed 2010.

* Base Energy Manager Randy Monohan.

3% CNIC: Commander Navy Region Southwest Web site:
www.cnic.navy.mil/cnrsw/OperatingForcesSupport/OperatingSupport/Housing Types/index.htm. Accessed April 2010.
3! Size estimate based on floor plans available from Lincoln Military Housing Web site:
www.lincolnmilitary.com/Installations/miramar-(mcas)/. Accessed April 2010.
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interior square footage of the houses is 750,000 ft>. Many of the structures also have attached
garages, which are not heated or cooled. The total square footage of the garage space is 186,000 ft*.
The housing units and garages comprise a total of 936,000 ft*; the average unit size is 1776 ft*.
Privatized housing accounts for 15.4% of the total square footage on base. The total annual
electrical energy use for the privatized housing units is 4,089,791 kWh, and natural gas use is 7,990
MBtu. Privatized housing represents 6.8% of the total base electrical load and 6.3% of the total base
natural gas load.

When analyzing the EUI of the housing units, NREL was able to obtain EUI numbers for 134 of the
223 structures. The average EUI was 45 kBtu per ft>. The EUI of a typical house in the Pacific
Division of the Western Census Unit is 42.%% Thus, the units have an energy consumption slightly
above the average. To assess the potential for additional energy efficiency improvements in the
housing units, NREL conducted energy analysis walkthroughs of a single family house and a
townhouse located within a four-unit structure. NREL found significant energy savings potential in
each unit.

Townhouse. The first unit NREL visited was townhouse 1440 C (Figure 38). This was a two-
bedroom townhouse with a size of approximately 1200 ft* located in a structure with three other
townhouse units.

Figure 38. Townhouse building 1440 (Credit: Samuel Booth, NREL)

The energy load profile for the entire structure in FY 2009 is shown in Figure 39.

2EIA. 2005 Residential Energy Consumption Survey. Data from Pacific Division, Western Census Unit. Table US].
Total Energy Consumption Expenditures and Intensities, 2005.
www.eia.doe.gov/emeu/recs/recs2005/c&e/summary/pdf/tableus1part].pdf. Accessed April 2010.

44



http://www.eia.doe.gov/emeu/recs/recs2005/c&e/summary/pdf/tableus1part1.pdf�

Energy Load Profile Building 1440
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Figure 39. Energy load profile building 1440

Potential energy efficiency improvements and savings:

v’ The house did not contain a programmable thermostat. NREL recommends installing a
programmable thermostat to save heating and cooling energy. The installation of
programmable thermostats is projected to save 351 kWh and 3 MBtu of natural gas per unit.
Assuming that 75% of units do not have programmable thermostats, the savings would be
138,645 kWh and 1,185 MBtu. A savings calculation spreadsheet is provided in Appendix

E

v' NREL observed that the water heater in the unoccupied house was left on, and recommends
turning off water heaters in unoccupied housing units to reduce natural gas used to maintain
tank temperature. Turning off water heaters in unoccupied units would save 0.4% of the
total natural gas consumption assuming that 5% of the units are unoccupied at any given
time. Detailed savings calculations are provided in Appendix E.

v" Lighting Savings:

NREL recommends replacing kitchen lighting with three 25 W T-8 bulbs. Lighting in
kitchen was provided by four 40 W T-12 bulbs.

¢+ Lighting savings in the kitchen = 124.1 kWh.

NREL recommends replacing garage lighting with two 25 W T-8 bulbs. Lighting in
garage was provided by two 40 W T-12 bulbs.

¢+ Lighting savings =5.4 kWh.

NREL recommends reducing the light level in the upstairs bathroom and replacing
lighting with a single T-8 bulb of either 32 W or 25 W. Lighting was provided by two 40
W T-12 bulbs. Light level was very high, measuring 100 foot candles.

¢+ Lighting savings = 26 kWh.

The total lighting savings would be 61,423 kWh (155.5 kWh x 395 units).

v Energy savings from reduced water use:

NREL recommends new fixtures to reduce flow rate and water consumption. Sink flow
rates could be reduced in the kitchen and upstairs and downstairs bathrooms from the
current 2.2 gallons per minute (GPM).
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¢+ 2.2 GPM is the required flow rate according to California code. However,
California’s green building statue recommends a 1.8 GPM flow rate.

e NREL recommends replacing the current fixture with a new lower-flow shower head to
reduce water consumption and water heating requirements. Flow rate in upstairs shower
was 2.5 GPM.
¢+ 2.5 GPM is the required flow rate according to California code. However,

California’s green building statue recommends a 2.0 GPM flow rate.

e NREL recommends replacing standard faucet and shower fixtures with low flow
fixtures.

Assume standard faucet has a flow rate of 2.2 GPM

Assume low flow faucet has a flow rate of 1.8 GPM

Assume standard shower has a flow rate of 2.5 GPM

Assume low flow shower has a flow rate of 2.0 GPM

Assume the average person uses 20 gal/day of hot water using standard fixtures

Assume the average person uses 16.1 gal/day of hot water using low flow fixtures

Annual energy savings per person = 0.623 MBtu/yr

Number of people = 1,218

Annual energy savings = 759 MBtu/yr

v" NREL recommends replacing appliances in the unit (air conditioner, refrigerator, washing
machine, and dishwasher) with more efficient models.

e NREL recommends replacing standard refrigerators with ENERGY STAR refrigerators.
¢+ Assume ENERGY STAR refrigerators use 20% less energy
¢+ Annual energy savings per unit 