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Executive Summary

Background

The Strategic Environmental Research and Developmental Program (SERDP)/Environmental
Security Technology Certification Program (ESTCP) is the Department of Defense’s (DOD)
environmental science and technology program focusing on issues related to environment and
energy for the military services. Part of ESTCP’s charter is to investigate, demonstrate, and
validate environmental and/or energy technologies that offer the potential to provide significant
benefit to DOD via a variety of channels including, for example, increased efficiency, regulatory
compliance, cost savings, and/or reduced petroleum consumption.

The SERDP/ESTCP Office requested that the National Renewable Energy Laboratory (NREL)
provide technical assistance with strategic planning by evaluating the potential for several types
of renewable energy technologies at DOD installations. NREL was tasked to provide technical
expertise and strategic advice for the feasibility of geothermal resources, waste-to-energy
technology, photovoltaics (PV), wind, microgrids, and building system technologies on military
installations. NREL’s deliverables were to provide a draft report no later than November 10,
2010 and a final report prior to a January 2011 SERDP/ESTCP Funding Opportunity
Announcement. This report satisfies the second and final report deliverable requirement.

Although not specifically requested by SERDP, included in the report is an energy storage
section that provides descriptions and applications of electrical energy storage. Also included is
an electric vehicle grid integration (EVGI) section that describes a demonstration of EVGI
technology as well as challenges and opportunities of EVGI to a military-base grid.

Technology Summaries and Recommendations

The following is a very brief summary of six major renewable energy technologies that were
examined and their potential for applications at DOD installations. Also included is a brief
summary of one or two of the major recommendations for each of the six major renewable
energy technologies considered.

Geothermal Resources

The potential for using geothermal resources for electricity generation on DOD installations is
highly dependent on the geographical location of the DOD installation but offers significant
potential for renewable energy development and can provide baseload power. In general, DOD
installations in areas of high geothermal gradient in the Southern and/or Western United States
and selected non-CONUS bases such as Guam may offer the most potential for developing
geothermal electric resources.

Geothermal heat pump (GHP) systems are a technology that uses heat pumps to exchange heat
between the building and the topmost layers of soil and rock or surface/groundwater. GHP
systems are a proven, efficient technology to reduce the consumption of other sources of energy
for heating and cooling, and are already utilized at DOD installations including Fort Polk,
Louisiana. Since GHP technology uses normal ground and groundwater temperatures, it has the
potential to be utilized across a far larger geographic area than geothermal electric energy, and
can be considered at all DOD facilities to provide both heating and cooling.
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Underground thermal energy storage (UTES) technology stores heat underground by adding
more thermal energy to the subsurface than can be dissipated, resulting in a "battery" to store
energy until it is needed, and reducing consumption of other energy supplies. UTES technology
is common in Europe and offers the potential for demonstration-and-validation studies across
large areas of the United States.

Geothermal Major Recommendation

DOD conduct an initial assessment of waste heat recovery, low-temperature geothermal, GHP,
and UTES potential at all DOD installations, with a follow-on detailed evaluation of a short list
of high potential payoff installations. Detailed analyses would include a techno-economic
evaluation of the cost of developing the above described resources to inform DOD of the
economic viability of these technologies at U.S. military installations.

PV Technologies

Photovoltaic (PV) technologies convert solar irradiance into direct current (DC) electricity using
solid-state semiconductor devices. The capital cost of a PV system, available incentives, the
operation and maintenance costs, and local electricity prices will determine the economics of the
PV system. PV cells used to capture solar energy can vary by construction technique and
process, elements used in the cells themselves, and efficiencies. Electrical efficiencies can range
anywhere from 8% to 20%, depending on these variations.

Inverters are solid state electronics with DC-to-AC conversion efficiencies greater than 90% and
peak efficiencies of 96%, depending on the manufacturer and the power output. Warranties on
inverters are typically 10 years, although inverter manufacturers are continually improving the
efficiencies and the lifetimes of inverters.

Concentrating PV (CPV) technologies are fairly new technologies that use optical concentrators
to focus direct solar radiation onto PV cells for conversion into electricity. Advantages of these
technologies include reduced cell area requirements, and economic benefits due to the fact that
mirrors and lenses are generally cheaper than the semiconductor PV cell. Some current CPV
technologies feature cells with efficiencies as high as 26%.

Other technological considerations include the tilting of PV modules to capture the maximum
amount of solar energy possible. For example, at a location of 40 degrees north latitude, an
optimal tilt varies from 30-35 degrees to maximize annual energy production. Since electricity
generation is maximized when PV modules are perpendicular, or normal, to the incoming
sunlight, a single-axis tracking system that allows the panels to move east to west during the day
is more efficient at collecting PV energy than a rigid PV system. Dual-axis systems (permitting
north-south tracking in conjunction with east-west tracking) ensure that the PV module always
faces the sun. Increased energy production from these systems must be compared to the
increased costs of these systems.

PV systems can be competitive with and even cost less than traditional, fossil-fuel produced

electricity, especially on islands or remote locations where the cost of fuel or the delivery costs
are very high. PV resources are well understood, and PV maps exist that highlight geographic
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areas of high PV potential. In general, the Southwestern United States and places like Hawaii
are strong candidates for PV, although PV—and especially non-concentrating PV—can be used
in all 50 states. Economies of scale generally result in reduced costs per kW for larger systems;
smaller systems tend to have higher relative installed costs. Since there are no moving parts, PV
modules often include warranties of 20 to 25 years. The warranty is typically used as the lifetime
in financial calculations even though the lifetime may be longer. PV modules can be the most
durable component of a PV system.

PV Major Recommendation

There are several major recommendations contained in the PV section of this report, but the
primary recommendation is that DOD conduct a survey of existing facilities to determine
appropriate locations of PV systems based on economics and any other tactical/technological
considerations and then take steps to implement those systems.

Microgrid Technologies

Microgrids are coordinated energy generation and electrical distribution systems capable of
operating independently from the macrogrid (main utility grid). They include multiple
distributed energy generation resources and multiple loads and have controller capabilities to
dispatch generation, control loads and provide seamless connection/disconnection with the
macrogrid. Microgrids typically include two critical pieces of equipment—a switch to
disconnect and reconnect to the macrogrid when needed and a controller that dispatches
generation, load and microgrid support functions.

The decentralized nature of microgrids provides physical redundancy to the electrical
distribution system, which reduces the possibility a single failure (whether terrorist or natural
disaster in origin) causing a complete collapse of the grid. However, the integration of more
microprocessor-based controls and especially smart grid technologies into the electrical system
adds new access vectors to critical infrastructure components, increasing vulnerability to cyber
attacks.

A microgrid connecting to and disconnecting from the grid presents many challenges to the local
utility. These include voltage, frequency, and power transfer concerns, as well as protection
schemes and identifying steady state and transient conditions, to name a few. Other challenges
include the integration of renewable energy into the microgrid, and ensuring that a microgrid is
not only operating, but is operating efficiently—minimizing fuel use for example.

DOD, the U.S. Department of Energy (DOE), and several national laboratories and large defense
contractors are involved in microgrid development demonstration and deployment efforts, some
at DOD installations. Several microgrid research and testing facilities are being developed
and/or are operational as well.

Microgrid Major Recommendation

The entire field of microgrids is a very “hot” topic for DOD currently, and the microgrid section
of this report contains many recommendations that would be beneficial. Microgrid research,
development and deployment in general address both mission assurance and energy security
concerns of DOD. However, the area most strongly recommended for immediate focus is



development of controller technology. The controller is critical to successful microgrid operation
and provides the dispatching intelligence necessary to keep the critical load running when the
microgrid is disconnected from the macrogrid. Selecting several sites that provide unique
operating environments, such as size of system, criticality of loads, type of onsite generation, and
presence of energy storage would provide a good balance for development of several controller
technologies.

Waste-to-Energy Technologies

Waste-to-energy (WTE) generally refers to technologies that directly convert a post-recycled
waste stream into energy, without the use of an intermediary step such as landfilling. The
pathways include thermochemical conversion, such as mass burn and gasification, and biological
conversion, such as anaerobic digestion. These conversion methods transform most of the waste
into energy but not all, leaving approximately 10% — 30% of the material (by weight) to be
marketed as a co-product or disposed of in a landfill. Factors influencing WTE economic
feasibility include tipping fees (per-ton fee collected for disposal of customers’ solid waste) and
the local market rates for the electricity or heat produced. WTE tends to be more economical in
the coastal areas of the United States because of the high cost of building new landfills and
inability to locate these new facilities near population centers. This is reflected in the aggressive
pursuit of municipal WTE projects in California, New York, Maryland, and Florida. There are
400 closed or inactive landfills on DOD installations, occupying more than 5,000 acres of
unusable space for the military training and support missions. Implementation of WTE offers
the potential to preserve the space of the 71 remaining DOD landfills and may serve as a
remediation process for closed landfills, processing the buried waste and reclaiming the land.

Mass burn is the most proven technology using standard combustion techniques and requires
feedstock on the order of 300 or more tons per day (tpd). A significant amount of off-site
material would be needed to supplement the typical 10 — 100 tpd waste stream available on a
DOD installation. Mass burn WTE is being considered at several DOD installations adjacent to
metropolitan areas with large waste streams.

Gasification is an emerging WTE technology in which fuel is heated in a limited-oxygen
environment. It is typically smaller in scale than mass burn , and produces a synthetic gas that
can be used in a variety of ways. There are several small-scale gasification projects planned at
DOD sites. Of the WTE technologies, gasification is likely to be the least-costly conversion
method and has a scale of operations well suited for DOD installation-level waste streams. This
method has yet to be proven on a DOD installation.

Anaerobic Digestion is an emerging WTE technology using biological conversion methods to
process organic waste materials. The end result is a biogas high in methane content. Little work
in the United States is focused on directly converting municipal solid waste to energy via
anaerobic digestion.



Waste to Energy Major Recommendations

1. DOD develops and adopts a consistent lifecycle cost methodology for solid waste
disposal to accurately determine waste-to-energy economic feasibility and projected
payback potential.

2. DOD facilitates one or more WTE demonstration projects at installation(s) with
characteristics favorable for WTE projects, including:

e High lifecycle solid-waste disposal cost (greater than $70/ton)
e High cost of electricity (greater than $.12/kWh blended rate)

¢ Onsite solid waste volume greater than 30tpd (access to offsite waste volume
greater than 500tpd can be considered for a mass burn project)

Wind Technology

Wind turbines convert wind energy to electricity. In determining the viability of wind as an
energy source, it is important to know to the greatest extent possible the extent of the wind
resource before investing in and installing a wind turbine. Potential large-scale wind projects
may involve taking wind measurements for a year or more before determining whether or not to
go ahead with the project. Wind resource maps and data sets currently exist that can assist in
initially determining locations favorable for wind energy development.

Wind power is proportional to the velocity of the wind cubed (V*), meaning that if wind speed
were to double, corresponding wind power would increase by a factor of eight. Conversely,
halving wind speed reduces available power by a factor of eight. Clearly, wind speed is critical
in wind power production, and in many cases, the simplest way to increase wind speed is to
increase the height of the wind tower itself.

Because power increases as the cube of wind speed, much of the average power available to a
wind turbine comes during relatively short periods of high wind speed. It is only in high winds
that the turbine produces at rated power. To take full advantage of windy periods, the wind
turbine needs a large enough generator and a strong gearbox. The average power produced (aka
capacity factor) by a utility-scale wind turbine over time is 25% — 45% of the rated power the
machine is capable of delivering. Typical capacity factors will be 10% —25% for small wind
turbines.

The high “surface roughness” associated with buildings in an urban environment has an adverse
affect on wind power output. Life cycle costs of rooftop wind systems are not very compelling
in terms of economic benefit, and they are not recommended due to safety factors and buildings
not designed for rooftop turbines. DOD may find small wind systems might make more sense in
a public relations setting rather than economically—that is, perhaps at a guard shack or other
location that has high visibility to the general public, and lends itself favorably to public
perception of DOD’s renewable energy efforts.
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Wind Major Recommendation

Utility-scale wind turbines have much better economics, operations and maintenance (O&M),
and energy performance than small wind turbines. It is recommended that DOD examine the
utility-scale option at those sites that make the most sense—good wind resource (Class 3+),
minimal operations impact, reasonable distance-to-grid intertie, high cost of energy (greater than
$0.06/kWh)—and then take steps to implement wind technologies at those sites subject to a
favorable economic analysis and any military tactical/ technological considerations.

Buildings Technologies

This report contains greater than 35 building-related technologies that are receiving funding
through DOE’s Building Technologies Program (BTP), are currently available, and/or are
candidates for demonstration in the near future. Multiple technology opportunities exist in each
of the core research and development (R&D) tracks within DOE’s BTP: whole building design,
building envelope R&D, appliances, advanced cooling technologies, geothermal heat pumps,
advanced controls and diagnostic R&D, and lighting.

What is most compelling about building technologies is that DOD could reduce the energy use of
new commercial buildings by 30% — 605 with off-the-shelf, commercialized technologies and
reduce the energy use of all of their existing buildings by at least 30% with commercialized
technologies when they utilize a whole building design and renovation approach discussed in the
report. This translates into tens of millions of dollars saved by DOD, in many cases with
payback of initial investment in less than five years.

A "whole building design" approach incorporates multiple building technologies and produces
an optimal solution for building retrofit or design. A logical demonstration project would be to
pilot this approach on a few DOD facilities to demonstrate the effectiveness of the novel
optimization approach and develop the internal capacity within DOD to adopt the process on all
new DOD facilities. It is also recommended that DOD adopt a new fully-automated energy-
auditing tool that is incorporated into an internal workforce development plan to holistically
retrofit existing DOD facilities with an optimal suite of energy efficiency measures.

Building Technologies Major Recommendation

DOD initially supports pilot project "whole building design" analyses on a limited number of
DOD installations. After successful testing, implement full-scale building analyses at
installations/buildings DOD wide that offer significant energy efficiency potential, and then
implement all cost-effective energy savings measures under a given bundled payback period (say
seven years or less.)

Xii



Table of Contents

LIS o X o3 o 34 iii
EXECULIVE SUMMATY ..ot vii
BaCKGIOUNG......cooiiiiiieiieeece et ettt et e rb et e etaesaaeenneennns vii
Technology Summaries and Recommendations...........c.cceceviiriiiinicnieninicnecceecneeene vii
Geothermal RESOUICES.........oouiiiiiieiieieeteeee ettt et vil
Geothermal Major Recommendation ............cceeueriirieiiinienieienieceiceeene e viil
PV TECRNOIOZIES ....eouviieiiieiiieiieeiie ettt ettt ettt et eeebeeseessseensaeenaeenns viii
PV Major Recommendation...........cc.eeiiieiiieiiieiiienie ettt ix
Microgrid TEChNOIOZIES .......ceouiieeiieiieciieeieeeie ettt ssaeeteesnaeesbeennnas X
Microgrid Major Recommendation.............cocueeiueeriiiiieniieiiesie e ix
Waste-to-Energy TeChNOIOZIES .......cc.eeviiiiiiiiieiieniecieeee ettt X
Waste to Energy Major Recommendations.............ceceeierieiiiniinieninicneceseeneeeeeeee xi
WiINA TECANOLOZY ....eoovvieiiiieiiieiie ettt ettt et eebaesaaeebeessbeensaeenseenns Xi
Wind Major Recommendation ...........cccoieveriiniininiinieeeese et xii
Buildings TeChNOIOZIES ........ccouviiiiiiieiiieiieeieeeee ettt e e eee xii
Building Technologies Major Recommendation .............ccocceeiieeiieniieniienieeiesieeieee xii
T INErOUCHION ... e 1
2 Geothermal and Waste Heat RESOUICES ........ccccucminiminiininiisnsis s s 1
2.1 INEEOAUCTION ..ttt ettt e sb e st e e bt e sab e e bt e eateenbeesaneenee 1
2.2 Task 1: Co-production and other Low-temperature Geothermal Resources...................... 2
B B 57 To] € (011131 PRSP 2
2.2.1.1 Co-produced WateT ........c.ceeueeiiiiriieiieeiieeiiesteettesre et e steereesveeseesane e 2
2.2.1.2 Co-production Demonstrations and Current State of the Technology..... 3
2.2.2 Other Low-temperature Geothermal ReSOurces ............ccceeeveeriieniiiniieniienieeeieeie, 4
2.2.2.1 Geopressured RESOUICE..........eevviieriiieiieeiee et 4
2.2.2.2 Geopressured Demonstrations and Current State of the Technology...... 5
2.2.2.3 Low-Temperature Hydrothermal System Resources.............ccccveeruvennnee. 6
2.2.2.4 Current State of the Hydrothermal Technology............ccccevviiiiiieniennnn 7
2.2.2.5 Case Study — FOrt BIiSS.....ccccuieiiiiieiiiieiie ettt 8
2.2.3 Methodology and APProach .........ccceeeuieeiieiiieiiieiiecie et 9
2.2.4 Low-temperature Resource ASSESSMENL ........cccvueeeerivieeerriiiieeeriieeeesieeeeeeeneeeenns 10
2.2.4.1 Co-production Resource ASSESSMENt .........ccceervrerueerveenieenieeeeenneennnes 10
2.2.4.2 Geopressured Resource ASSESSIMENT.........cccueeerveeerveeeieieeeirieenieeesireeenns 12
2.2.4.3 Low-Temperature Hydrothermal.............ccooooiiiiiiiniiniiiieiieee, 13
2.2.5 An Example of Geothermal Power Generation at Fallon Naval Air Station......... 14
2.2.5.1 Low-temperature Geothermal Economic Considerations...................... 14
2.2.6 Permanent Non-CONUS U.S. Military Installation Geothermal Power Potential 15
2.2.6.1 Case Study — GUAML.......coceiiuiiiiiriiniiieetceeeet et 20

2.3 Task 2: Waste Heat Recovery and Non-power, Energy Efficiency Geothermal
TECRNOLOZIES ...ttt et e b e st e b e st e enbeeeneas 22
2.3.1 Technology Current State and Future Trends..........ccceevveeviienciienieniiieieeieeeeee, 22
2.3.1.1 Earth-Air Heat EXChange..........cccccoeoieiiiiiiiiieiiiceeeeeee e 22
2.3.1.2 Geothermal Heat PUMPS ....ceeveviiieiiiieiieceeceeceecee e 22
2.3.1.3 GHP Case Study — Fort PolK .......cccccceriiniiiiniiniiincnecceicecee 24
2.3.2 Underground Thermal Energy Storage..........cccceeevvevuieiiieniienieeiieeieeiee e 24

Xiii



2.4 RECOMIMENUATIONS ..ceeiiiiieieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeeeeeeeeeerereeeterererererererererereeeeereeeeeeeees 25

2.4.1 Site-Specific Data Collection and Evaluation...........cc.cccccveeeeiieniiiencieeeiie e, 25
2.4.2 Advanced ReSEarch..........cocoviiiiiriiniiiiiiienitcieeee e 26
2.4.2.1 Power Plant EffiCIENCY .....cccoveviiiieiiiieciie et 26

2.4.2.2 Hybrid Power Production ............cccoceeiiiiiiieniieniieiiecie e 26

2.4.2.3 Reservoir Assessment and Simulation............coeceeveiniiniiinicineniceen. 27

2424 GHP TeChnOolOogy .....ccveviieiiiiiieiieeiieiteete ettt 27

2.4.2.5 Path FOrward.........ccooiiiiiiiiiiiee et 27

3 Solar Electric and Storage Technologies ...........ccueemnrmiininnini e 28
3.1 PROTOVOILAICS ...eiieiiieiiie ettt ettt e et e et e e eta e e esaseesaaeeeessaeesaseeesnseeennseeennns 28
3.1.1 TechNOlOZY OVEIVIEW .....c.cieiiieiiiieiieiieeieesite et esieeeteesteeeveeseeesseeseessseesseassseenseens 28
31101 PV MOQUIES ..ttt et e 28

3.1.1.2 Concentrating PV (CPV) ....oooiiiiiiieeee ettt 29

3.1.2 Solar RESOUICE MAPS ......eeuiiriiiiiniiiiieieeitesieee sttt ettt 30
3.1.3 Balance of SYSIEML......uiiiiiiieiiiecieecie e e 33
3.1.3.1 Tracking SYSTEMS.....cccueeiiriiiiiiniiiieieeitereete ettt 33

31322 TIIVEITETS ettt sttt e e st 35

T G TG T 570 T PSPPSR 35

3L 0SS ittt ettt ettt ettt b e sat e bt e s abeenee 36
3.1.5 State of the ReSEAICh........ccoeiiiiiiiiiceee e 37
3.1.6 Recommendations for PV ... 38
3.2 Concentrating Solar POWET .......c..ccciiiiiiiiiiiiieicncceee ettt 39
3.2.1 TeChNOlOZY OVEIVIEW .....c.cieiiiiiiiieiieiieeieesite et esieeereesteeeveeaeeesseeseessseesseessseenseens 39
3.2.1.1 Linear Concentrator CSP SyStems.........ccccevuerieniiriienieneniiinecnieeieneenee 40

3.2.1.2 Parabolic Dish CSP SYStems ........cccceevvieriiieiienieeieeiie e 41

3.2.1.3 Power Tower CSP SyStems .........ccocueriierieriiienienieeeenreeieenre e 42

3.2.1.4 ENETZY StOTaZE....cccvieeieiieeiiieeiieeeee ettt e eee e s 43

3.2.1.5 Capacity FacCtor ........ccciriiiiiiiriiiccecee e 43

3.2.2 CSP Siting ConSiderations.........ceeeeureeriiieeriieerieeenieeesireeeeeeessreesneeesseesssseessnsens 43
TG T 01 SRS USRRRRPPPPR 45
3.2.4 State of the ReS€arch..........cocooiiiiiiiiiiii e 46
3.2.5 Recommendations fOr CSP ........cc.coouiiiiiiiiiiiecee e 46
T B 21153 ¢ o4 N 10 T4 USSR 47
3.3.1 TechnOlogy OVEIVIEW.....cccuiruiiiiriiiniieiiniienieete ettt sttt sttt et st saeeae s 47
3.3.1.1 Lead-Acid Batteries ........coceeriiiiiiiiiiiiiiieeieeee et 51

3.3.1.2 Nickel-Based Batteries........ccccoureeiiiiiiiiieciie et 53
3.3.1.3 Lithium-Based Batteries ...........cceveeririeriiiiniereeieseeeee e 54

3.3.1.4 FIOW Batteri€s ....ccccuvieeiiiieiiieeiie ettt ettt 55
3.3.1.5 Pumped HYdIO ....c.cooviiiiiiiieiiecieee e 56

3.3.1.6 Compressed Air Energy Storage........c.cccoceevuervenieeiienicnennenecneeieneenee 56

3.3.1.7 Sodium Sulfur Batteries........ccceeoueeriiiiiiniiiieeieeeeeeseeeee e 56

3.3.1.8 FIYWREEIS ..ot 57

3.3.1.9 Supercapacitors and Ultrabatteries ............cccvereervieerieeiiienieeieereeeiens 58

33 1 10O HYATOZEN. ...ttt 59

3.3.2 State of the ReSEarch..........cociiiiiiiiiiiiii e 59
3.3.3 Costs, Metrics, and Payback ...........ccccoiiiiiiiiiiiiiiieeee e 59

Xiv



3.3.4 Recommendations for ENergy StOrage ..........cccveveeeviienieeiiienieeieeie e 61

4  Microgrid TECHNOIOGIES ......ciiirumrriirireriinrr s s anr e a s an e e rans 62
4.1 Overview of Electric Industry FULUIe...........cccveieiiiiiiiiieieeceeeeeee e 62

4.2 Summary of Current Microgrid Research, Technology, and Demonstration Efforts ......64
4.2.1 TechNOlOZY OVETVIEW.....cccuiieirieeiiieeiieeeiteeeesieeesteeesseeessveeessaeessaeessseeessseesssseesnnns 64

4.2.2 NIST and IEEE Smart Grid Efforts ........cccccocveviriiniiiiniinciceceeeee 66

4.2.3 Domestic Microgrid ProOJECtS ......cccuieeiiieeiiieciie ettt e 67

4.2.3.1 Honeywell’s Enterprise Buildings Integrator (EBI) Energy Manager and
Encorp’s Enpower generator controls work to optimize Fort Bragg’s
energy costs (Jim Peedin, Fort Bragg Department of Public Works,

CIVIIIAN) ittt et e et e st e e e e e sebeeenans 71
4.2.3.2 Twentynine Palms Microgrid Design by GE..........ccccccoiininiininennne. 72
4.2.3.3 The CERTS Microgrid Program............cccccceevvierieniienienieeieeeeeeveenens 73
4.2.3.4 Fort Irwin and Fort Bliss Mobile Microgrid with Next Energy............. 76
4.2.3.5 Energy Surety Microgrids (ESM) and SPIDERS at Sandia Labs.......... 77

4.2.3.6 Net Zero Energy Installations and Microgrid Assessments at National
Renewable Energy Laboratory (NREL) .........ccceveiiiiiiniiiiiiciecee, 79
4.3 Microgrid Market Participants in the United States..........cccccvveeverieneriiniieneencnieneeens 80
4.3.1 HONECYWEIL...ooiiiiiiieeee e ettt et aee e s e s ee e 80
4.3.2 GE oottt ettt ettt e b e et e st ebeenteeneenseenee e 80
4.3.3 LoCKhEed Marti.......cccueeiiiieiieieeiesiceee ettt 81
4.3.4 Cummins POWer Generation ............ccoecueeriieiiieniieiiienie ettt 81
4.4 International MicrO@rid ACHVILIES......ccuiervierieeiiieeieeieeereeteeseeeteeseeereeesaeeseesaseenseensnas 81
4.5 Recommendations for MICIOZIId .........cceeiuieriiiiiiiiiieiieie et 83
4.6 Electric Vehicle Integration to a Military Base Grid ..........ccccovveevieiiienieniicieeieeeeee, 85
4.0.1 ASSUMPLIONS. ..c.ueiiiiieiietie et eeite et eite et e st e et e e iee e bt e sateeabeesseeenbeesaeeenbeessseenseesaeeenne 86
4.6.1.1 Electrifying a Base FIeet........cccvevviiiiiiniieiieciieeeeeeeeee e 87
4.6.1.2 Why PIUZ-INS7.c..ciiiiiiiiiiiieiecieeeee et 88
4.6.2 Electric Vehicle INfrastructure...........ooveeiiiiiiiiiiiiiccecceceeeee e 88
4.6.2.1 Charger—On-board/Off-board ............cccevviviriiiniininiiniienceceee, 89
4.6.2.2 Electric Vehicle Supply Equipment..........cc.ccccveevieriienieniierieeieeene 89
4.0.3  SCONATIOS ...euveeutieiieeiieetie et ettt et e tte e bt e stteeabe e ateebeesabeeabeasseeenseesabeenbeesnseenseesaeeenne 89
4.6.4 Demonstrating Electric Vehicle Grid Integration (EVGI).........cccceeviiiiieiiennnnne. 91
4.6.5 EXPECLEA ISSUCS ...cuuiiiuiieiieiiieiie ettt ettt st 92
4.6.6 CONCIUSIONS.....utiiuiiiiiiieiie ettt ettt et ettt e bbb esbteebeesaee e 93
4.6.7 Recommendations for Vehicle-to-Grid...........coooeriiiniiiiiiniiiiiiieceeece 94
5 Wind Energy Technology and Buildings ........ccccccuiicciemmmimiinsinccssscesssssssssssssesssssssssssssssssssssssssssnnnes 96
5.1 Wind Resource Assessment Tools and ReSOUICES ...........cceeruieierieneniinienieeieseeieeee 96
5.1.1 Wind Technology OVEIVIEW ........cccoeeriiriiniiiiieniiieeienieesie ettt st 96
S5.1.1.1 Small Wind Turbines .......cc.ceverierienieiienieierieeeee e 97
5.1.1.2 Mid-size Wind TUrbines ..........cccceeveeiiiieniiiniiienieeieeree e 98
5.1.1.3 Large Wind Turbines ..........cccceeeuieriieiiienieeiiecie et 98
5.1.1.4 Wind Turbines for the Built Environment..............cccccoociiiiniiinnnnenn. 99
5.1.2 Wind Assessment Parameters ...........cocueeiereerierienienienieseee e 99
5.1.2.1 On-site Data Collection..........ccceeeiiiiieniiiiienieeeeee e 100
5.1.2.2 WINA MaAPS...iiiiiiiiiiiieeiiesie ettt ettt et eaae e e 101

XV



6

5.1.2.3 WINd Data SEtS/SOUICTES....uuueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeseeeennes 102

5.1.2.4 Computational Fluid Dynamic Modeling...........ccccceevveeeviiencieennnnnns 102

5.2 WINA POWET ...ttt sttt sttt sbe et st eae s 102

5.2.1 Vertical WInd Shear...........cooiiiiiiiiiiiiiiieeeeeee e 104

5.2.2 Characteristics of Wind in the Built Environment and on Rooftops.................... 106

5.3 Economics of Rooftop Wind SyStems..........ccceevcuiieriiiiiiieeiiecieeciee e 111

5.3.1 Methodology — Life Cycle Cost Approach..........ccccecueevuiiiiienieniienienieeeeen 112

5.3.2 Case Studies of Rooftop Wind Applications ..........ccceeeeveeecveeecieeniieeeeiie e 114

5.4 ReCOMMENAALIONS ....eoviriiiiiiiieiiertieie ettt ettt ettt sttt et sae e bt et esbeesbesaeesbeenaeas 115

5.4.1 DOD Annual Energy Load and Small Wind Turbines.............cccceeevvrercivrennnnnnne. 115
5.4.1.1 Other Options for Increasing Renewable Energy

Production/Consumption for DOD ..........ccccceeciieeiiiiieiiieciee e, 115

Waste-to-Energy TEChNOIOGIesS ........ccociiiiiiriiiiir it s 118

6.1 TeChNOlOZY OVEIVIEW ......oouiiiiiriiiriiiiiiiieieete ettt ettt sttt st sae et st ae e 118

6.1.1 MasS BUIM ...ooiiiiiiiiiiie et s 118

6.1.1.1 Process DeSCription.........cccueeuierieeiiieniieeiiesie ettt 118

6.1.1.2 Residual Material..........cccooveririinienieieeceeecee e 119

6.1.1.3 Scale 0f OPeration........cccueeeerierierienieeieneenie et 119

0.1.1.4 Challenges......ccveevieeeiieiieiieeieeete ettt et e seee et eere b e sseeeseeeeseesseeeene 120

6.1.1.5 ACtIVE PrOJECLS ..eeouiiiiiiiiieiee ettt 120

6.1.1.6 Planned Projects........cccecieriieiiieniieiieeieeieesiee ettt 120

0.1.2 GASITICALION ... ettt ettt ettt ettt e st e e beesaeeeneesneeenne 120

6.1.2.1 Process DeSCIrIPtioN.........cccueeeiiieiiiiieiiieesiieerieeesveeevee e e sareeeree e 120

6.1.2.2 Residual Materials ..........cooueeiiieiiiiiieieeee e 122

6.1.2.3 Scale of OPErations ..........cccueecuierieerieenieeiienee e ereeree e eeeeeereeeee e 123

0.1.2.4 Challenges......cceeuiriiiiieiiiieieeeeeeeete ettt 123

6.1.2.5 ACHVE PrOJECES ...eeiiiiieiiieeiiieeee ettt et 123

6.1.2.6 Planned Projects........ccoovieiiiiiiieiiieiiecie et 123

6.1.3 ANAErobic DIZESTION .....eeciiiriiieiieiieeieeeiie ettt ettt et eeteeseaeebeesseeeseeenaeenne 124

6.1.3.1 Process DeSCription.........cccueeieeriieiiieniieiiesiie ettt 124

6.1.3.2 Residual Materials ..........ccoceeririieniinieinieeee e 125

6.1.3.3 Scale 0f OPerations ........c.ceeeruerrierieriieienienie ettt 125

0.1.3.4 Challenges......ccveevieeeiieiieiieeieeete et eete et sre e sbeebeeseaeeseeeeseesseeeens 125

6.1.3.5 ACtIVE PrOJECLS ..eeuiiiiiiiiieiie ettt 125

6.1.3.6 Planned Projects........cccccieviieiiieniieiieeieeieesee ettt 126

6.2 Technology COMPATISON .....cccueetiriiirieriiinieeteeitesteete ettt ettt ste et st e bt et sbeestesaeesaeennens 126

6.3 Recent Waste-to-Energy Technology Developments ...........cccceevveeeiienieeiienieniieenieenne. 126

6.3.1 Plasma Arc GasifiCation .........ccceeiiiiiiieniieiierie e 126

6.3.1.1 Improved EffiCiency .......ccccceecieriiiiiieiiieiecie e 126

6.3.1.2 Plasma ATC PIOJECS ....ccuieiuiiiiieiieeieeee et 127

6.3.2 Hydrothermal GasifiCation...........cccueevueeriieiiienieeiiesie ettt ere e 127

6.3.3 Hybrid APProach ..........oooeoiiiiii e 127

6.4 Department of Defense ApPliCAtIONS ........cccuvervieiiieriiieiiieie et esiee e eseee e eeee e 128

6.4.1 Establishing @ Baseline ...........ccccoeiiiiiiiiiiiiiiiie e 128

6.4.2 Economic Analysis of Existing DOD WTE Projects .........cccceeevievciveinciieenieenne 129

6.4.2.1 FOrt BLISS ..coiiiiiiieiiiie ettt 129

XVi



60.4.2.2 FOIE ITWIN 1ot anennenennes 129

6.4.3 General ECONOMIC ANALYSES ....cccuviiiiiiieiiiieeiieeeiee ettt e e 130
6.5 Benefits to DOD .......coiiiiiiiiiieeecee e 130
6.6 Benefits to the United States ..........coceeviiiiiiiiiiniicccceeeeceeee e 131
6.7 RecOMMENAALIONS .....o.eouiiiiiiiiiiiierieeteee ettt st 131
6.7.1 Program Recommendations ...........coceoieieriininiinieniieicnieeseeeeeieereere e 131
6.7.2 Project Recommendations ............ccoceeruieierienieiiienienieeiesieeie et 132
Buildings Technologies ... 133
7.1 Overview of DOD Commercial Building Energy Use.........cccocovveeiiieiiiiencieeciee e, 133
7.1.1 Investment in Energy Efficiency .........coccooiiiiiiiiiiiiiiccee e 134
7.1.2 New Building DeSI@NS ........cccuieiiiiiiieiieiiieiieeie ettt 135
7.2 DOE Building Technologies Program ..........c..ccoceeverienieneniineiieneeieeienieesie e 135
7.3 'Whole BUilding DeSIZN .......cccueecuiiiiiiiieiieeiieeie ettt et e seveessaessaeeseeennas 139
7.3.1 Opportunity #1 — Net Zero Energy Commercial DOD Building Using Novel
EnergyPlus Optimization ANalySiS......ccceeevvierriieiiiieniieeeiieeeiee e 142
7.3.2 Opportunity #2 — Net Zero Energy Commercial DOD Building Renovation Using
Novel EnergyPlus Optimization ANalysis .........cccccverieeeiienieeiieenieeieeie e 144
7.3.3 Opportunity #3 — DOD Specific Automated Energy Auditing Tool Using
OpenStudio and ENergyPlus .......cccceccuieiiiiiiiiiiieieeeeeee e 145
7.4 Building Envelope Research and Development..............cocceiiiiiiiiiiiininniiiieeieeeee, 151
7.4.1 Opportunity #1 — High Performance (Triple-Paned) Window Bulk Purchase
PrOGrami......c.cooiiiiiiiie et 152
7.4.2 Opportunity #2 — Aerogel-Based Spaceloft Insulation for General Building
APPLICATIONS ...ttt ettt et ettt et 153
7.4.3 Opportunity #3 — Sunlight Responsive Thermochromic Windows..................... 156
7.4.4 Opportunity #4 — Cool ROOTS.....cccoviiiiiiiiiiiiiceeee e 156
7.4.5 Opportunity #5 — Electrochromic Windows...........cccceeeieeiienieniienieeieeiie e, 157
7.4.6 Opportunity #6 — Phase Change Materials ..........ccccooeeviiniininiiniincnicnecneee 158
7.4.7 Opportunity #7 — PV Facades........cccooveviiiiieiieieeceeteee e 158
7.4.8 Opportunity #8 — Integrated Roof Systems (Generation, Cool Roofs, Water
CaAtCRMENT) ..ottt et e et e et esbee e sebeeesabeeennneeens 159
7.4.9 Opportunity #9 — Low-Cost Solar Water Heaters for Mild Climates.................. 160
7.5 Appliances Research & Development............cccvieviieriieiiieniiiiiieiecieeee e 161
7.5.1 Opportunity #1 — Grid-Friendly Appliance Controllers ............ccceeeeviervincnnnene 161
7.5.2 Opportunity #2 — Low-Energy-Use Refrigerators..........cccoeeveevciiencieeencieeenieeenne, 162
7.5.3 Opportunity #3 — Low Energy Use Clothes Washers...........ccccoocveviiiiniencnnene. 162
7.5.4 Opportunity #4 — Heat Pump Domestic Water Heaters.........c.ccceevevvvercieennennne. 162
7.6 Advanced Cooling TeChNOIOZIES .......cccuevuieiiriiniiiiiriceceeece e 163
7.6.1 Opportunity #1 — Desiccant-Based Indirect Evaporative Cooling System (DEVap)163
7.6.2 Opportunity #2 — Advanced Rooftop Air-Conditioning Units .........ccccceceereennene 165
7.6.3 Opportunity #3 — Multiple Opportunities through the California Energy
Commission PIER Program.........c..ccccceieniiiiniininiiiiienenicnecieeeeseeee e 168
7.7 Geothermal Heat PUMPS......cccuoeoiiiiiiiiieiieeiiee ettt ennes 168
7.7.1 Opportunity #1 — Ground Source Integrated Heat Pump (GS-IHP).................... 168
7.7.2 Opportunity #2 — New Foundation Heat Exchanger.............ccccocoeviiniiiniiennnnnne. 169
7.7.3 Opportunity #3 — Compact Prefabricated New Foundation Heat Exchanger......170

XVii



7.7.4 Opportunity #4 — Ongoing GSHP-Related Demonstration and R&D Projects

Funded by DOE ......coooiiieieeeee e 170

7.8 Advanced Controls and Integrated Commissioning and Diagnostics R&D .................. 171

7.8.1 Opportunity #1 - Self-Correcting and Self-Configuring HVAC Controls........... 171

7.8.2 Opportunity #2 - Image Processing Occupancy Sensor Controls........................ 173
7.8.3 Opportunity #3 - Building-Wide, Proactive Energy Management Systems for

High-Performance Buildings ............ccceeoiieiiiniiiiiiiieeieeeeeee e 174

7.8.4 Opportunity #4 — Demonstration of an Enterprise Energy Management System
using New Standardized Data Schemas to Assist with Operational Decisions...175

7.8.5 Opportunity #5 — Augmented Reality Building Operations Tool (ARBOT) ...... 176

7.8.6 Opportunity #6 — Multiple Opportunities through PNNL’s Fault Detection and

Diagnostics and Wireless Controls Programs...........ccccceeveveeecieeecieencieeeeiee e, 180
7.8.7 Opportunity #7 — Demand Response Research Center at Lawrence Berkeley
National Laboratory .......c..cecvieeciieeiiiecciee et ree e e eeseaeeeseaee e 180
7.8.8 Opportunity #8 — Multiple Opportunities through the California Energy
Commission PIER Program............ccccceeiiiiiiiiiiiiieceeeeeee et 181
7.8.9 Opportunity #9 — Multiple Opportunities through the University of Colorado’s
Building Systems Program ............cccooouieeiiiiiiiiiiiie et 181
7.8.10 Opportunity #10 — Multiple Opportunities through the California Lighting
TeChNOlOZY CONLET.......eiiiiiiieiiieciie ettt e e e et e e s e e sabeeesaaeeens 182

7.8.11 Opportunity #11 — Potential Opportunities through Texas A&M Energy Systems
Laboratory and University of Nebraska’s School of Architectural Engineering.182

7.9 LAGIEINE c.eeeiiieiieeiie et ettt et ettt et e et e e bt e enbeebeeeabeenseesnbeeseeenbeenseennnas 182
7.9.1 Opportunity #1 — 2010 Solid State Lighting Competition — Winner (EnduraLED
A19 Lamp, by Philips Lighting) ........ccceooiiriiiiiiiniieieeeeeeeeee e 186

7.9.2 Opportunity #2 — 2010 Next Generation Luminaires Indoor — General
[Mlumination Lighting Winner (“CAREENA LED” by Zumtobel Lighting, Inc.)186

7.9.3 Opportunity #3 — Novel Lighting Control Opportunities .............cccceeeeveereeernnnnne. 187

7.9.4 Opportunity #4 — Multiple Opportunities through the California Energy
Commission PIER Program............ccocceeiiiiiiiiiiiiiiecieeeeeeee e 187
7.10 RecOMMENAALIONS .....cccvviiiiiiiiiee ettt eette e e eetee e e et eeeeata e e e eeaaeeeeeeaseeeeeenraeeeenns 188
= =1 =Y T = 189
Appendix A: Sampling of Small Wind Turbine Manufacturers............ccoooiiicciii e 200
Appendix B: Sampling of Small Wind Turbine Manufacturing Specification Sheets....................... 201
Appendix C: Partial List of Consultants for Wind Modeling.........cccccuuroemrrrimernnnsseerssee e 211
Appendix D: Waste-to-Energy Projects.........cccccimiinmmeni s s s snnes 212

XViii



List of Figures

Figure 1. Viable co-production wells within 20 miles of military installations ..........ccccccevecceerennnenn. 4

Figure 2. Location of military installations relative to geopressured reservoirs in the United States6

Figure 3. Current (2010) geothermal power installed capacity with projections for planned
installation; all currently installed capacity in the United States is in hydrothermal

SYSTOIMS .ottt 7
Figure 4. Temperatures at 4.5-km depth (NREL 2010; Blackwell and Richards 2004); CONUS
military installations overlay ..........cccciiii i —————— 10

Figure 5. Location of non-CONUS U.S. military installations relative to plate tectonic boundaries;
inset maps: A is shown in Figure 6; B in Figure 7 and Figure 8, and C in Figure 10.....15

Figure 6. Caribbean region showing non-CONUS military installations relative to plate tectonic
boundaries and VOICANO0ES ..........cooimimriiicerrr s 16

Figure 7. Heat flow map of Europe (European Communities 2002) with the locations of non-
CONUS U.S. military installations overlain; plate boundaries and locations of
volcanoes are also indicated............ccccriiiiriinni e ————— 17

Figure 8. Temperature for Europe at 5-km depth (European Deep Geothermal Energy Programme
2010) with the locations of non-CONUS U.S. military installations overlain; plate

boundaries and locations of volcanoes are also indicated ............cccconniinriniinniiiiennn. 18
Figure 9. Neustadt-Glewe geothermal heat recovery and district heating system schematic
(Courtesy of GEO X, reprinted with permission)..........ccccovrimminii 19
Figure 10. Locations of non-CONUS U.S. military installations relative to plate tectonic boundaries
and volcanoes in Japan-South Korea region ..........ccccccecerircecmminccsresssssessssseesssssseesssssnnes 20
Figure 11. Volcanoes of the Mariana Arc near Guam; note the Submarine Volcano located
northwest of Guam (Source: oceanexplorer.N0@a.gov) ........ccecccererrsrerrrssmererssssserssssnnereas 21
Figure 12. The four basic types of ground source systems (Courtesy of the Geo-Heat Center,
reprinted with PEermisSSion) ... e 23
Figure 13. Module cross-section of a typical PV module with glass on the front and a polymer film
as the back substrate (Source: NREL) ..........cccciiiiiimiininnisr s s 29
Figure 14. Three different types of CPV systems: linear concentrator, point focus dish
concentrator, and point focus fresnel lens concentrator (Source: NREL)...................... 30
Figure 15. Solar resource map of the United States for a PV system tilted at latitude facing south
ST o LU T o T | = 31
Figure 16. Optimal tilt of flat-plate PV systems based on measured solar resource data for 239
locations in the United States (Source: NREL) ........cccccmiiiemrnnceernsseeee s scee e 32

Figure 17. For any location there is a range of tilts and azimuths that can capture 90% or more of
the solar resource on a flat plate PV system; shown are the possible combinations for

the region marked 30 on the U.S. map (Source: NREL) .......ccccoommimrisscccecereeee e 32
Figure 18. The concentrating solar resource of the United States is shown with the southwestern
states having the best solar resource for CPV and CSP systems .........cccccccmrrriiccinnenennns 33

Figure 19. lllustrates a comparison by month of a 1-kW PV system in Boulder, Colorado; the
Energy Production Data are for a 4-kW pv system but can be easily translated to a 1-
MW PV system by multiplying the energy production by 250 (Source: NREL PVWATTS

{1 0 34
Figure 20. Monthly energy production for a 4-kW flat plate PV system in Boulder, Colorado
(Source: NREL PVWATTS 20710) .....covoereereerrenrrenreeneessmeseessemsssmssessesssesessseessnssessssssssssesssesnes 35

Figure 21. Left: CSP system using parabolic troughs to concentrate sunlight on an absorber tube
at the linear focal point; optional thermal storage tanks are shown in this schematic
(Source: NREL); Right: photo of a parabolic trough reflector 6 meters across made by
skyFuel (Source: SKyFUEI/NREL PIX 18227)........ccccccocermreiissccsnssseereessssssssssssses s ssssssssmsnsenes 41

Figure 22. Left: CSP system using linear fresnel reflectors to concentrate sunlight on the receiver
assembly (Source: NREL); Right: Photo of several flat fresnel reflectors concentrating
sunlight on a receiver above (Source: Ausra from
http://solareis.anl.gov/documents/docs/NREL_CSP_3.pdf) .......ccccecvvmrirrinniniiennniniiennnns 41

Figure 23. Left: CSP system using a parabolic dish to concentrate sunlight on the receiver of a
sterling heat engine (Source: NREL); Right: Photo of a 25-kW system developed by

XiX



Figure 24.

Figure 25.
Figure 26.

Figure 27.
Figure 28.

Figure 29.
Figure 30.

Figure 31.

Figure 32.

Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.

Figure 38.

Figure 39.

Figure 40.
Figure 41.

Figure 42.
Figure 43.

Figure 44.
Figure 45.

Figure 46.

Figure 47.
Figure 48.

Figure 49.

sterling energy systems (Source: Sandia National Laboratories) ........c.ccceecervcecerricnnes 42

Left: CSP using heliostats (moveable mirrors) to concentrate sunlight on the receiver at
the top of the tower (Source: NREL); Right: Photo of eSolar’s Sierra Solar Tower, 5-MW
CSP system in Lancaster, California (Source: Courtesy of eSolar, reprinted with

(072 10153 Lo ) RSN 43
Concentrating solar resources of the United States (Source: NREL).........cccccvcinrincnnean 44
Direct normal solar radiation in the southwest United States, filtered by resource, land

use, and topography (Source: NREL) ........cccciiiiinniiiciriis e 45
Chart of different energy storage systems energy densities by volume and by weight

(Courtesy of the Electricity Storage Association, reprinted with permission)............... 49
Shows a schematic plate assembly for a lead-acid battery (Courtesy of CSIRO,

reprinted With PErmiSSION) ..o e e 52
Different types of lead-acid batteries (Source: NREL).........cccccmrrimmrrccernsnsceerssecee e 52

Schematic of a flow battery where electrolyte flows through a fuel cell (From Zhenguo
Yang, Jun Liu, Suresh Baskaran, Carl H. Imhoff, and Jamie D. Holladay, “Enabling
Renewable Energy—and the Future Grid—with Advanced Electricity Storage,” JOM, 62
(9) (2010), pp. 14-23. Copyright © 2010 by The Minerals, Metals & Materials Society.

Reprinted with Permission.) ... ————————— 55
Sodium sulfur battery schematic (Courtesy of NGK Insulators Ltd., reprinted with
(=0 =T =] T o ) 57

Schematics of an asymmetrical supercapacitor on the left and an ultrabattery on the
right that has a combination negative plate consisting of a carbon electrode and a lead

electrode (Courtesy of CSIRO, reprinted with permission) ........c.ccccuececmrrrcccerrrescccersseees 58
Capital costs of different energy storage systems per unit of power and per unit of
energy (Source: Electricity Storage Association, reprinted with permission) ............... 60
Example of photovoltaic, microturbine, wind, and internal combustion engine energy

resources (Courtesy of EPRI, reprinted with permission) ..........cccccccmriiicccccrereennnscccnne 62
Microgrid and components (Source: NREL) ........cccccciimiiiiiccimmmrr e snsssssssess e s e sssssssssssessses s 66

Interaction of actors in different smart grid domains through secure communication
flows and electrical flows (Courtesy of the National Institute of Standards and
Technology, reprinted with permission)..........cccociciiiniisin 67

A 7-MW cogeneration system is part of a comprehensive set of energy and facility
upgrades at a Marine base in Twentynine Palms, California (Source: NREL PIX 12709)72

Schematic of the CERTS microgrid (Copyright 2008, The Regents of the University of
California. No use is permitted without written permission. Please contact Chris
Marnay at C Marnay@lIbl.qgov if you wish to use or reproduce this diagram for any
purpose. Reprinted with PermisSion).......ccccccccciiiiiiiccccserrr e 75

The Smith Electric Newton All-Electric Truck, upfitted into one of many different
configurable options (Courtesy of Smith Electric Vehicles, reprinted with permission)87

lllustration of PEV infrastructure (Source: NREL)........ccccooiiimminninnnnnsinsn e 89
Scalable renewable PEV energy management component for microgrids (Source:

L] 2 I 92
Schematic diagram of a grid-tied wind energy system (Source: NREL)............cccccvrinnen. 98
Wind data collection regions associated with met towers, SODAR and LIDAR (Courtesy

of Second Wind, reprinted with permission)..........cccooiinccccc e 100
80-m wind speed map of the United States (Source: U.S. DOE 2010).........cccccerreamerrnnnns 101
Comparison of aerodynamic efficiencies of common types of wind turbines (Source:

123 = 104

Surface roughness impacts on wind speed vs. height using the logarithmic law
approach (Courtesy of Tom Lambert at Mistaya Engineering Inc., reprinted with

071 1 1517 Lo 1 ) P 106
Rural surface roughness on the left and urban surface roughness on the right

(Courtesy of STFC, reprinted with permission)..........ccccciniicminnicci 107
Wind velocity profiles for rural, suburban and urban settings (Courtesy of STFC,

reprinted wWith PErmiSSioN) ... 108

CFD models of wind flow over and around buildings; 3-dimensional at left and

XX



Figure 5

2-dimensional at right (Courtesy of PhD research, Sander Mertens TU Delft, reprinted

LT T o XY 41T T o) 109
Figure 50. Horizontal velocity contours, south wind direction (Courtesy of CPP Wind Engineering,
reprinted with PErmisSSion) ... ———————— 110
1. Typical mass burn plant process diagram (Courtesy of ecomaine, reprinted with
=0 TS Lo ) 119

Figure 52. Example of a biomass gasifier (Courtesy of HTCW.info, reprinted with permission)... 121
Figure 53. Individual agency reductions in Btu per square foot of goal building space in FY 2007

compared to FY 2003 (Source: http://www1.eere.energy.gov/femp/pdfs/annrep07.pdf)134

Figure 54. Venture capital investment in energy efficiency (Source: NREL).........c.cccovmriiiiiniiiinns 138
Figure 55. Side view of research support facilities (Source: NREL PIX 17778).....c.cccoccvnriernnninnens 140
Figure 56. Research support facility’s natural ventilation design (Source: RNL Design)............... 141
Figure 57. Opt-E-Plus optimization results (Source: NREL Opt-E-Plus Software).............ccccurnnnncen. 143
Figure 58. OpenStudio facility rendering (Source: U.S. DOE OpenStudio Software)...................... 146
Figure 59. Single zone air delivery system (Source: U.S. DOE EnergyPlus Software) ................... 147
Figure 60. Building component library screenshot (Source: NREL).........cccccommiiecccierreni e ccccceeeeen, 148
Figure 61. Google SketchUp / EnergyPlus model using PhotoMatch (Source: NREL) ................... 149
Figure 62. Heat loss through residential building envelope (Source: NREL)..........cccccccriniiinrinianns 151
Figure 63. Insulation value per inch comparison (Source: NREL) ........cccccivcminiicnniniimnninsennsnen, 154
Figure 64. Aerogel insulation material (Source: NREL PIX 08754).........cccccvicmmnnimmnnninmennnsnseninnens 155
Figure 65. Schematic and photo of the Coolerado H-80 hybrid rooftop unit (Courtesy of Coolerado,

reprinted wWith PErmisSSion) ... s 166
Figure 66. Mockup of augmented reality use case for variable-air volume box diagnostic (Source:

V] 2 ) 178
Figure 67. Mockup of augmented reality use case for daylighting (Source: NREL)........................ 178
Figure 68. Mockup of augmented reality use case for chiller diagnostic (Source: NREL) ............. 179
Figure 69. 12-W LED replacement of 60-W incandescent (Courtesy of Zumtobel, reprinted with

[0 7=T 0 1= o ) 186
List of Tables
Table 1. Work to be done during the various Ft. Bliss exploration phases........cccccceiicccicemeenneincscnns 9
Table 2. CONUS military installations with co-production potential............ccccoccmiriiiicciciceeernnrcccenes 1
Table 3. CONUS military installations with geopressured resource potential ............cccccccmrerrricnnnnnes 12
Table 4. Military installations within 40 miles of known low-temperature hydrothermal systems... 13
Table 5. Derate factors used by PVWATTS for DC to AC losses (Source: NREL PVWATTS 2010).. 36
Table 6. Area associated with 1 kW of PV of various PV module types.........c.ccccconnimrinniirnnnnniennnnnns 37
Table 7. Global installed CSP plants (Source: Price 2010)........ccccconnimmmmnniemmmnnnnsrsss s, 40
Table 8. Historical and predicted CSP costs (Source: Aabakken 2006).............cccuviumerinisneninnnssnneinnnns 46
Table 9. Description of energy storage technologies ...........cccvviiriiniinin . 48
Table 10. Energy storage applications for DOD facCilities ..........cccccurerrrrrrsserrrrrsser s e eenas 50
Table 11. Current DOD microgrid demonstration projects...........cccueceerrrererrrrsssrrrssseesss e sessseeeeenses 70
Table 12. Critical components of microgrid research and development...........cccooriiriciiceerriniiccccnns 83
Table 13. Modeled vehicle characteristics ...........ccoiioiiiiccciii i 86
Table 14. Electric truck options available on the 2010 GSA schedule..........cccoccmiirriicccrscrereernnssccnnes 88
Table 15. Turbine sizes and markets in the United States............cccoeeviiiiriiinncccnc e, 96
Table 16. Surface roughness lengths and descriptions ..........cccccniinrn s 105
Table 17. Rooftop wind velocity profiles at 20 ft (6.1 m) above the roof..........cccooiiriiciiicnininiiiieeee 111
Table 18. Sample wind turbine specifications ... 111
Table 19. Economic factors of wind turbine installations at 30 ft (9.1 m) above the roof............... 113
Table 20. Economic factors of wind turbine installations at 15.2 m (50 ft) above the roof............. 114
Table 21. Comparison of small-, mid-, and large-size turbine numbers, production, and

L= o0 3 10 4 = 116
Table 22. Average mass burn emissions (Source: Lauber 2006) ..........ccccccevrrermrrrrsmerrrssseerssssneeenns 118
Table 23. Example of Syngas combustion emissions (Source: Lauber 2006) .............ccccccerrrricnnnees 122
Table 24. Comparison of KEY MEetriCS ......cccciiiiiiirsiiiiiiiccscssseerr e s s s s s mme e e s es s s smnne e e e e sn s nnnnnn 126

XXi



Table 25
Table 26

Table 27

Table 28

Table 29
Table 30

Table 31

. Solid waste disposal data for fixed installations (Source: Davis 2010).........ccccceeeeaerrnnnns
. DOD energy use intensity statistics (Source:

http://www1.eere.energy.gov/femp/pdfs/annrep07.pd) ......ccccceerriccvcmmmrrrnisssscssneeeeneennens
. Total DOD investments in energy efficiency in 2007 (Source:

http://www1.eere.energy.gov/femp/pdfs/annrep07.pdf) ......ccccceveeccccmmmreriicccccccneeeeeeenens
. DOE appropriations and requests for energy efficiency and renewable energy (Source:

http://lwww1.eere.energy.gov/femp/pdfs/annrep07.pdf) ..o,
. Excerpt of WCC summary for the Coolerado H-80 (Source: Coolerado)...........ccceeerrrnns
. DOE solid-state lighting R&D projects (Source: U.S. DOE Solid State Lighting

g CoTe |- 11 1) .

. U.S. DOE solid-state lighting R&D projects

Xxii

136



Introduction

The Strategic Environmental Research and Developmental Program (SERDP)/Environmental
Security Technology Certification Program (ESTCP) Office requested that the National
Renewable Energy Laboratory (NREL) provide technical assistance with strategic planning by
evaluating the potential for several types of renewable energy technologies at DOD installations.
NREL was tasked to provide technical expertise and strategic advice for the feasibility of
geothermal resources, waste-to-energy technology, photovoltaics (PV), wind, microgrids, and
building system technologies on military installations. Also included in the report is an energy
storage section that provides descriptions and applications of electrical energy storage, and an
electric vehicle grid integration (EVGI) section that describes a demonstration of EVGI
technology as well as challenges and opportunities of EVGI to a military base grid.

The sections that follow are each devoted to the special characteristics, resource requirements,
and opportunities of a particular renewable energy technology. The presentation of material is
tailored to each of the technologies. Each section concludes with a list of recommendations
based on the assessment, while the Executive Summary contains a major recommendation or two
associated with each technology.

Geothermal and Waste Heat Resources

Introduction

This section of the report addresses two of the tasks to provide strategic advice to the DOD
SERDP/ESTCP Office regarding renewable energy and energy efficiency measures that can be
implemented to meet renewable power generation and energy security goals of the U.S. military.
The two tasks as defined in the original scope of work were to:

Provide strategic advice regarding the economic and technical feasibility of using geothermal
resources to produce electricity from abandoned oil and gas wells near military
installations. This will include geospatial analysis of potential geothermal resources in
proximity to military installations.

Provide strategic advice regarding the economic and technical feasibility of using waste heat
and/or relatively low-temperature geothermal resources on military installations to
produce electricity.

To provide strategic advice and recommendations on both tasks in a clear and concise format,
NREL re-organized the structure of the two tasks, as directed by DOD-ESTCP, as follows:
Assess the technical and economic feasibility of using low-temperature geothermal resources
situated near military installations to produce electricity. Resource types include:
abandoned oil and gas wells (commonly referred to as co-production), geopressured
systems, hydrothermal systems, and potentially sedimentary basin systems.

Assess the technical and economic feasibility of using:

Waste heat generated at military installations to produce electricity utilizing low-
temperature geothermal technologies



Geothermal storage and/or normal ground temperature to provide space heating and
cooling at military installations (this includes assessment of geothermal heat
pumps and underground thermal storage systems).

Task 1 focuses on identifying permanent U.S. military installations that may benefit from their
proximity to geothermal resources. Both continental United States (CONUS) and non-
continental (non-CONUYS) installations are considered. In general, the evaluation of the CONUS
bases is more in depth due to our knowledge of the United States’ geothermal resource base,
while evaluation of non-CONUS installations is more speculative, except in areas of previous
NREL assessment (i.e., Guam).

The technologies discussed in Task 2 are not limited by geographic proximity to a geothermal
resource like those discussed in Task 1. Therefore, emphasis is placed on describing the
technologies and how they can be implemented.

Task 1: Co-production and other Low-temperature Geothermal Resources

Background

Like other renewable energy resources, geothermal power generation provides clean energy with
little to no greenhouse gas emissions. But unlike most other renewable energy technologies, it
has the advantage of being able to supply baseload power without some type of energy storage
medium. Utilization of low-temperature geothermal resources has the potential to be a viable
solution for small- to medium-scale power generation needs of the U.S. military. Low-
temperature geothermal resource types typically considered suitable for power generation
include: co-produced water from oil and gas wells, geopressured fluids from deep sedimentary
basins, and active hydrothermal systems. Another potential source of low-temperature
geothermal fluids, which is currently being assessed by the U.S. Department of Energy (DOE),
are thermal aquifers found in sedimentary basins that are not mixed with hydrocarbons or
geopressured.

For this report, low-temperature resources are defined as those with fluid temperatures below
150°C and, in most cases, temperatures in excess of 80°C. The applicability of the lower limit
(i.e., 80°C), however, is dependent on the temperature difference (AT) between the cooling
system and the working fluid. Typically, geothermal power plants are air cooled and the AT is
controlled by ambient air temperatures; however, some systems are water cooled which can
reduce the lower temperature limit and thereby improve the efficiency of the plant.

Co-produced Water

Co-production utilizes water produced as a byproduct from oil and gas wells as a potential
resource for geothermal power generation. Water produced from oil and gas wells is historically
considered an inconvenience by the industry, because of the high cost of disposal through re-
injection and/or treatment. Co-produced water is typically considered a low-temperature
geothermal resource because the bulk of the known resource capacity is below 150°C (Augustine
and Falkenstern In Prep). Gas wells show the highest potential for geothermal power production.
This is because of the thermal evolution of hydrocarbons, where oil forms at temperatures
between 65°C and 150°C and natural gas forms at temperatures >150°C.



Co-production Demonstrations and Current State of the Technology

Abandoned oil and gas well co-production has never been demonstrated at a current military
installation. In the Unites States, only one example of power generation from co-produced water
is currently active. At the Rocky Mountain Oilfield Testing Center (RMOTC), located 35 miles
north of Casper, WY, 60,000 barrels of water per day of 100°C water are used to generate ~250
kW of electricity with a binary Organic Rankine Cycle (ORC) power plant (RMOTC 2010). The
DOE-run RMOTC facility has additional plans to install another 250-kW power plant in the near
future. DOE, in part, has also funded Chena Power, LLC, to build and demonstrate a mobile
geothermal power plant to showcase co-production technology across the United States (U.S.
DOE 2010); currently the mobile unit is in Utah. Two additional projects have been funded
through the American Recovery and Reinvestment Act (ARRA) to demonstrate co-production
viability in the Williston Basin of North Dakota and the Gulf Coast of Texas (U.S. DOE 2010);
both projects are still in early stages of development.

There are a number of benefits associated with co-production compared to other low-temperature
resources, including:

The use of existing oil and gas field infrastructure
Simplified technology deployment

Relatively low risk

Improved economics of oil and gas wells.

Potentially the most important benefit of co-production is that existing oil and gas wells can be
repurposed and other well field infrastructure, such as power lines, pipelines, and roads, can be
leveraged to mitigate financial risk. Because of this, deployment is simplified and, in many
cases, co-production can be considered a “plug-and-play” activity (e.g., Chena Geothermal,
LLC, mobile power plant demonstration). These benefits, as well as the resource being well
characterized (i.e., proven) ahead of time, mean the development of co-produced water for power
generation is relatively low risk. Finally, if power purchase agreements are made with oil and gas
operators, co-production can improve a well or well field economics by generating revenue from
what is considered waste water.

Drawbacks associated with co-production as a source of power generation include:
Generally on the low end of the low-temperature range
Limited geographic distribution of the resource
The need for sufficient water flow capacity
Water disposal issues.

As mentioned previously, co-produced water is a dominantly low temperature resource. It is also
limited in geographic extent to areas of known/active oil and gas development, unless a
developer wants to take on the financial risk of drilling a new well or set of wells. Also, not all
areas of oil and gas production produce either an appreciable quantity of water and/or water of
sufficient temperature for power generation. Finally, as mentioned previously, the potential for
power generation from co-production appears to be limited to mostly gas wells.



Another drawback is that oil and gas wells are designed to minimize the water-to-oil or water-to-
gas ratio. This means that either multiple wells will be needed to produce enough water or that a
well will need to be re-completed (i.e., perforate the casing) to enhance the inflow of water. In
many cases, both will need to be done. Currently, recompletion using conventional tools is
considered an economic barrier to commercial development of the resource.

Finally, the issue of what to do with the waste water still exists—it will either need to be re-
injected or treated and disposed of. There are a number of regulatory hurdles that must be
overcome, which can impact the economic viability of development of this resource. However,
as mentioned above, the ability to improve the overall economics of the well/well field can help
mitigate this issue.

Ground Water Temperature Estimates for Co-Production
Within 20 Miles of Military Installations, Bases and Ranges

Water Temp (Celsius)
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Figure 1. Viable co-production wells within 20 miles of military installations

Other Low-temperature Geothermal Resources

Geopressured Resource

Geopressured reservoirs (a.k.a., over-pressured reservoirs) are found in deep, geologically young
sedimentary basins where rapid burial of underlying formations result in higher than normal fluid
pressures. The depth of burial, in turn, can result in fluid temperatures that are sufficient for



geothermal energy development. Geopressured resources can be considered a variation on co-
production, but are typically considered separate because the water to hydrocarbon ratio often
makes extraction uneconomical for oil and gas operators.

Geopressured Demonstrations and Current State of the Technology

There has been one successful pilot-scale demonstration of the geopressured technology at
Pleasant Bayou located in Brazoria, TX. From 1989-1990, a 1-MW binary ORC was operated,
generating more than 3,400 MWh of electricity during a 7-month period. Currently, Louisiana
Geothermal, LLC, is working to demonstrate geopressured technology in Cameron Parrish, LA,
with DOE support (U.S. DOE 2010).

Much like co-production, the exploitation of geopressured resources is relatively low risk
because conventional, off-the-shelf equipment (i.e., plug-and-play) can be used with slight
modification for high-pressure fluid intake to generate power. Also, geopressured systems can
produce more power on a per-well or well-field basis relative to co-production due to high fluid
pressures associated with the resource type.

Geopressured resources are found in some of the same basins as co-produced water resources;
however, they are confined to the deepest parts of the basins, which results in the geographic
extent being much more restricted (Figure 2). Other drawbacks to geopressured resource
development include the need to recomplete or deepen existing wells (or even drill new wells) as
these units are either bypassed or deeper than the regional hydrocarbon pay zone. Like co-
production, geopressured resources also have water disposal issues.



Geopressure Reservoirs
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Figure 2. Location of military installations relative to geopressured reservoirs in the United States

Low-Temperature Hydrothermal System Resources

Hydrothermal systems are considered the conventional method of extracting geothermal energy
for power generation. In the United States, more than 2,200 MWe are generated (3,300 MWe
installed capacity) from water and steam produced from hydrothermal reservoirs (GEA 2010).
The vast majority of the hydrothermal resources being exploited at present are considered high
temperature (i.e., >150°C in the reservoir); however, a number fall in the low-temperature range
(e.g., Chena Hot Springs, AK). Hydrothermal resources are found primarily in the western
United States, with California and Nevada being the two largest producers of geothermal power
from hydrothermal resources (Figure 3).



Geothermal Power Generation
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Figure 3. Current (2010) geothermal power installed capacity with projections for planned
installation; all currently installed capacity in the United States is in hydrothermal systems

Current State of the Hydrothermal Technology

Electricity generation from hydrothermal resources employ binary ORCs, flash, and dry-steam
power plants; however, binary ORCs are considered more suitable for low-temperature
applications. Most hydrothermal power systems attempt to use a closed-loop concept, where
water is produced from one or more wells and then re-injected to mitigate hydraulic and
temperature drawdown effects.

The benefits of exploiting low-temperature hydrothermal resources include:
Leveraging knowledge gained by geothermal power industry
Less toxic/corrosive waters compared to co-production and geopressured resources

Potentially much larger geographic distribution than co-production and geopressured
resources.

Drawbacks to utilization of low-temperature hydrothermal systems include:

Geographic extent is limited to the western United States



In most cases, exploration and drilling will need to be conducted to find and delineate the
resource

Infrastructure will need to be built to access the resources, which can be remote
Higher risk relative to co-produced and geopressured resources.

There is a vast amount of knowledge that has been gained over the last half century by the
geothermal power industry that can be leveraged to overcome obstacles associated with utilizing
low-temperature hydrothermal resources. For example, more low-temperature hydrothermal
resources have been identified relative to high-temperature hydrothermal resources.
Unfortunately, none of this mitigates the issues of geographic extent and distribution.

The cost of exploration, drilling, and infrastructure can be considerable when compared to co-
production and geopressured resource development (i.e., millions vs. hundreds of thousands of
dollars), and to prove a hydrothermal resource, it must be drilled.

Case Study — Fort Bliss

NREL’s geothermal team is working with DOD facilities regarding on-base opportunities for
geothermal installations. In particular, NREL is working with Fort Bliss, TX, to help expand
their power generation and space conditioning needs associated with an eminent 90,000+ troop
expansion. To accomplish this, Fort Bliss requested support from the Federal Energy
Management Program to create plans for implementing the recommendations of the Fort Bliss
Energy Security Tiger Team in May 2009. This 13-month project, supported by ARRA funds,
resulted in the Fort Bliss Energy Efficiency and Renewable Energy Master Plan draft. The draft
identifies renewable energy opportunities at Fort Bliss, estimates their costs and benefits, and
recommends strategies for implementation.

Of the resources being investigated at Fort Bliss, geothermal is planned to be the third largest.
The current plan is for geothermal at McGregor range, which would account for about 10% of
the total resources to meet 425 GWh production for the base. Sandia National Laboratory was
commissioned in the 1990s to drill four slimholes. The test wells measured temperatures around
175-185°F (80-85°C).

Extensive geothermal exploration and evaluation must occur before the size and quality of the
geothermal resource can be determined. The first step in this investigation is being funded as part
of a DOE Geothermal Program ARRA grant that was awarded to the city of El Paso for
exploration of geothermal resources at Fort Bliss. The County of El Paso team consists of Ruby
Mountain, Inc. (project management), University of Utah Energy and Geosciences Institute,
Aerospect (new drilling technology provider), and private share partner Radion Energy, LLC.
The field investigation work will be performed in the three phases listed in Table 1.



Table 1. Work to be done during the various Ft. Bliss exploration phases

Phase | Phase Il Phase lli

o Literature Review e Two slimholes | e Flow testing of slimholes and

« Field Survey verification of thermal capacity

e Model development plan for

o Heli-Lite drilling — Determine identified geothermal resources

subsurface stability and consolidation
o Geological sample collection

o Infrared imaging survey — Detect
faulting and geothermal anomalies

o Mercury survey — |dentify previous
geothermal activity

o Thermal gradient survey 6 ft. t0o150 ft.
— Test the ground temperature at
various depths

o Gravity survey — Characterize buried
geologic structures and determine
depth to bedrock

The 3-year study will determine if (and where) commercially viable low-temperature geothermal
resources exist in the McGregor test area, and if necessary, at other lesser-known sites that exist
on the Fort Bliss Military Installation. The study will also determine the location the resources
can be best accessed without compromising the tactical and strategic missions of the base.
Secondly, the study will determine if resources that have adequate temperatures also have a
water/fluid flow rate and volume to justify commercial development at any scale, considering the
20-MW target identified by the base. Finally, the study will determine if the resource is adequate,
where production facilities can be located for power production, if (and how) such facilities can
be used to power the McGregor Range installation, and how such power can be returned to the
grid for use at Fort Bliss.

The Fort Bliss team is concurrently examining the feasibility of a geothermal power plant in the
McGregor Range area. They are examining transmission line access and cost, water availability
and quality, and Environmental Assessment issues. A meeting with U.S. Geological Survey
(USGS) indicated that water access is very limited near the Davis Dome and is brackish (salty
and briny) in quality.

Methodology and Approach

The approach discussed above for conducting a first-cut resource assessment of the various low-
temperature geothermal resources consisted of data gathering and geospatial analysis to
determine the proximity of permanent military installations to known resources, or in the case of
bases outside of the United States, to features that are associated with known geothermal
systems. For example, the proximity of military installations to areas of elevated temperature at
4.5-km depth, as shown in Figure 4, suggests the potential for development of power generation
capabilities at a number of military installations.
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Figure 4. Temperatures at 4.5-km depth (NREL 2010; Blackwell and Richards 2004); CONUS

military installations overlay

Low-temperature Resource Assessment

Co-production Resource Assessment

For this assessment, NREL compiled a database for a larger DOE co-production study consisting
of 2.5 million wells of various types was leveraged. A number of criteria (largely based on the
NREL-DOE study) were used to determine the potential co-production resource available to U.S.
military installations, including:

Proximity to installations (within 20 miles)

Wells must be active (i.e., currently being produced)

Wells must produce water as a by-product (no minimum was set)

Measured or estimated water temperatures must be in excess of 80°C.

Using these criteria, the number of potential wells reduced to slightly more than 14,000 with
suitable temperature within 20 miles of a military installation (Figure 1). This should be
considered a minimum as there may be a significant number of wells that are inactive, but are
potentially available for co-production. Preliminary results suggest that a number of installations
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may benefit from their proximity to active wells capable of supporting co-production, listed in
Table 2.

Table 2. CONUS military installations with co-production potential

Military Installation State Rank
Fort Chaffee AR High
Lemoore NAS Medium
Travis AFB A Low
Fort Polk MR Medium
Barksdale AFB High
Claiborne Range MR LA Medium
Ammunition Plant High
Camp Shelby MR MS Medium
Tinker AFB Low
Fort Sill MR OK Low
gl.asr;tArmy Ammunition Medium
Goliad Naval Auxiliary High
Chase Field NAS High
Waldron Field Medium
Cabaniss Field NAS Medium
Corpus Christi NAS TX Medium
Moore Army Airfield High
Kingsville NAS Medium
Orange Groove NAS High
Ammuniton Piant High

Additional refinement of this assessment is needed to better constrain resource estimates, as well
as the power generation capacity of a well and/or well field. For example, if the active well-only
criteria is modified to include wells that are inactive but not plugged and abandoned (i.e., shut in
because they are currently uneconomical to produce likely due to the well producing too much
water), the potential for a significant expansion of the resource base exists. This could lead to an
expansion of the list of installations (Table 2) with potential for generating power from co-
production.
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Geopressured Resource Assessment

Assessment of the viability of geopressured resource for use by military installations is
qualitative as no well data are available. For this assessment, the locations of military
installations were overlaid on a map showing the boundaries of known geopressured reservoirs
in the United States (USGS 1975). Military installations with the potential to exploit
geopressured resources are listed in Table 3.

Table 3. CONUS military installations with geopressured resource potential

Military Installation | State | Rank

Sacramento Air Signal
Depot

Concord Naval
Weapons Station

Camp Parks MR
Moffett Federal
Airfield

Rough and Ready
Island Naval CA
Reservation

High

Oakland Army Base
Travis AFB

Point Arena Air Force
Station

Beale AFB
Lemoore NAS
Edwards AFB Low

Louisiana Army
Ammunition Plant High

Medium

Alvin Callender Field LA
Barksdale AFB Medium
Camp Villere Low
Camp Shelby MR MS |High
Fort Sill MR OK |Medium
Goliad Naval Auxiliary
Chase Field NAS
Waldron Field
Cabaniss Field NAS
Corpus Christi NAS
Moore Army Airfield
Kingsville NAS
Orange Groove NAS

TX |High

12



Low-Temperature Hydrothermal

There are a number of military installations being investigated for development of potentially
high-temperature hydrothermal resources (e.g., Hawthorne Army Depot, Fallon NAS [see case
study below], El Centro NAS, Chocolate Mountain Naval Reserve, Salton Sea MR, and
Twentynine Palms Marine Corp Base) and one, Coso Geothermal Field at the China Lake
Weapons Center, that is currently producing power from such a resource (Sabin, et al. 2010).
There are additional military installations near known or suspected low-temperature resources or
on the margins of known high-temperature hydrothermal areas, and for this assessment,
identifying known, but undeveloped low-temperature hydrothermal systems within 40 miles of
military installations were emphasized (Table 4).

Table 4. Military installations within 40 miles of known low-temperature hydrothermal systems

Military Installation State | Resource Name (Temperature in °C)
Yuma Proving Ground
Barry D. Goldwater Air Force Range AZ (D,I%rgjs CA (145) and East Mesa, CA
U.S. Marine Corps Air Station
Edwards AFB
China Lake Naval Weapons Center Randsberg (120)
Ft. Irwin
March Air Reserve Base Arrowhead HS (115)
Camp Roberts
Hunter Liggett MR A Paso Robles (95) and Tassajara (95)
Camp San Luis Obispo
Travis AFB Boyes (110) and Sonoma Mission Inn
Concord Naval Weapons Station (110)
Sierra Army Depot Amadee (115) and Wendel (120)
Saylor Creek Aerial Gunnery Range
Mountain Home AFB D |Wnite Arow HS (100), and Barbury
Ada County National Guard (95)
Maneuver Area
;’;Eéiess MR/White Sands Missile TX/NM | Radium HS (90)
Dugway Proving Grounds UT |Abraham HS (90)

In addition to the bases listed above, Nellis Air Force Base and Ranges and El Toro Marine Corp
Air Station are worth considering because of their proximity to areas of high probability for
finding a hidden (or blind) hydrothermal system (USGS 2008).
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An Example of Geothermal Power Generation at Fallon Naval Air Station

Fallon Naval Air Station, Nevada, is an in-progress example of geothermal power installation at
a DOD facility, where a 30-MWe geothermal power plant is expected to be located near the
southeast border of the Station (Wasson 2006). This project is being overseen by the U.S. Navy’s
Geothermal Program Office who conducted the exploration and has contracted with Ormat
Nevada, Inc. to drill wells and install the power plant. Per the Geothermal Program Office’s
business model, the power generated by the plant will be sold through a long-term power
purchase agreement to a power supplier, in this case Sierra Pacific Power Company. Although
the scope of the work considered in this report is to generate power for installation use, it is
worth mentioning that the Navy will be compensated over the first 20 years of the plant
operation at 5% of the gross income from the power sales, and after 20 years, this portion
increases to 15%.

Low-temperature Geothermal Economic Considerations

There are a number of economic considerations to be made when determining which, if any,
low-temperature geothermal resource to develop for power generation purposes. Considerations
affecting all low-temperature resource types described above include:

Geothermal power plant type and size

Infrastructure construction/improvements (i.e., roads, power lines, pipelines, and wells)
Distance to the resource

Additional applications of direct use and thermal energy storage (see Task 2).

Resource-specific factors such well re-working/re-completion (for co-production and
geopressured resources) or drilling (for hydrothermal resources) must be considered. It is always
cheaper to recomplete a well than to drill it.

Resource temperature and flow capacity will dictate the type and size of power plant that can be
employed. Most low-temperature resources will utilize a binary ORC, but other cycles such as
Kalina or Stirling may be better depending on the type of cooling system, local climate
conditions, and the rate of water production. Costs associated with the construction of a power
plant, excluding any subsurface work, include: infrastructure construction or improvements,
engineering/architectural services, and project management/coordination. The distance from the
resource to the load center (i.e., the military installation) directly impact the cost of infrastructure
construction, and in general, the farther the resource is from the installation the more expensive
the project will be.

Additional applications of the geothermal resource (e.g., district heating, thermal energy storage,
etc) have the potential to improve the economics of the proposed development by capturing
additional benefits (i.e., an offset in heating and/or cooling loads for buildings) with a relatively
small increase in overall investment.

In many cases, these issues are considered economic barriers for commercial development, but
the economics for development for military concerns will be different and more site-specific data
is needed to conduct a full-scale assessment of the techno-economic factors affecting deployment
of geothermal technology.
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Permanent Non-CONUS U.S. Military Installation Geothermal Power Potential

As part of this assessment, NREL also evaluated non-CONUS U.S. military installations to
determine their potential for utilization of foreign geothermal resources for power generation.
The objective was to identify military installations within or adjacent to areas that have a high
probability of containing geothermal resources. This portion of our assessment is qualitative due
to limited data availability and general lack of local knowledge, with the exception of Europe
and Japan where data are publicly available. To identify the geologic features of potential
geothermal areas, zones of crustal subduction or extension and associated volcanoes were
identified. Figure 5 shows the locations of all permanent U.S. military installations worldwide
relative to global tectonic plate boundaries.

Installations such as Lajes Field, Diego Garcia, Anderson, and Mariana are all located on islands
near extensional plate boundaries (Figure 5), which suggest geothermal potential due to crustal
thinning and volcanic activity.

Non-CONUS U.S. Military Installations
and Global Plate Boundaries
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Figure 5. Location of non-CONUS U.S. military installations relative to plate tectonic boundaries;
inset maps: A is shown in Figure 6; B in Figure 7 and Figure 8, and C in Figure 10
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The proximity of installations located in Puerto Rico and the U.S. Virgin Islands to the Puerto
Rico Trench, a subduction zone, make them likely places to find geothermal resources
(Figure 6). The U.S. Naval Base-Guantanamo Bay on the Island of Cuba, however, has little
potential for geothermal.

Non-CONUS U.S. Military Installations
and Geothermal Features of the Caribbean
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Figure 6. Caribbean region showing non-CONUS military installations relative to plate tectonic
boundaries and volcanoes

In Europe, a significant number of installations in Germany and Belgium are located within area
of high heat flow (Figure 7) and elevated temperatures at 5-km depth (Figure 8). There are a
number of geothermal projects that have been developed or are in the development stage in areas
near some of the installations in Germany. These projects utilize a type of geothermal heat
recovery system known in the United States as sedimentary basin geothermal in which well
doublets or well set doublets are completed in highly permeable sedimentary formations (e.g.,
karst limestone or sandstone) with sufficiently high fluid temperatures (Figure 9). These systems,
located near Landau, Neustadt-Glewe, Unterhaching (Seibt, et al. 2005), are designed to not only
use the geothermal resources to generate power, but for district heating prior to reinjection.
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Non-CONUS U.S. Military Installations
and Geothermal Features of Europe
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Figure 7. Heat flow map of Europe (European Communities 2002) with the locations of non-
CONUS U.S. military installations overlain; plate boundaries and locations of volcanoes are also
indicated

Other installations that may benefit from their proximity to geothermal resources can be found in
Spain (i.e., Moron Airbase and Rota Naval Station) and Italy (i.e., Camp Darby). Camps
Bondsteel and Mcgovern, located in Kosovo and Bosnia, r