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Executive summary

In light of an increasing U.S. dependence on foreign oil, as well as rising fuel costs for
the U.S. and the DoD, and implications with regard to national security and national
defense, the JASONs were charged in 2006 by the DDR&E with assessing pathways to
reduce DoD’s dependence on fossil fuels.

The study charge included the following tasks:

A.

D.

B

Explore technology options to reduce the DoD dependence on fossil fuels and/or
increase energy efficiency of our operating forces. This assessment will include an
assessment of alternative fuels and energy sources at DoD-required energy
densities, e.g., exotic alternate fuels, biomass/cellulosic biofuels, hydrogen, shale
oil, oil sands, geothermal, etc., and an assessment of the potential of structural
shaping, structural mechanical design, and novel materials application in enhancing
the survivability of lightweight vehicles.

Assess the viability of technologies to provide at least the performance required of
current DoD platforms and effort to integrate the technology and achieve the
desired level of performance. In particular, alternate fuels and energy sources are to
be assessed in terms of multiple parameters, to include (but not limited to) stability,
high & low temperature properties, water affinity, storage & handling.

Assess blast and penetration resistance in lightweight vehicles.

Analyze structures and materials designs that could be adapted for use on combat
and utility vehicles, or other DoD platforms.

In addition, JASON was asked to defer detailed analyses of USAF energy/fuel use.

Some key findings and recommendations are summarized below.

1.

2.

Based on proven reserves, estimated resources, and the rate of discovery of new
resources, no extended world-wide shortage of fossil-fuel production is reasonably
expected over, approximately, the next 25 years. While the possibility of short-
term shortages of refined gasoline or diesel product exists, depending on domestic
refining capacity relative to domestic petroleum demand, there is not a strong basis
to anticipate sustained global shortages of crude oil in the next 25 year (or more)
time frame. In addition, there is no basis to anticipate shortages in petroleum
available to the DoD, especially considering that present DoD fuel consumption is
less than 2% of the total U.S. domestic fuel consumption — a demand that can be
met by only a few domestic supply sources, at present — even though likely
decreases in domestic-oil production will make the future domestic-coverage
margin smaller. This finding is premised on the assumption of no major upheavals
in the world, in general, and in the major oil-producing nations and regions, and
oil-transportation corridors, in particular, over the next 25-year period.

The 2006 DoD fossil-fuel budget is, approximately, 2.5-3% of the national-defense
budget, the range dependent on what is chosen as the total national-defense budget.
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Larger (percentage) fuel costs are borne by families and many businesses, for
example, and fuel costs have only relatively recently become noticeable to the DoD.

3. At present, there is a large spread between oil-production cost and crude-oil prices.
Many projections, however, including that of the U.S. Energy Information Agency,
indicate that crude oil prices may well decrease to $40-$50/barrel within the next
few years, as production and refining capacity increases to match demand.

4. DoD is not a sufficiently large customer to drive the domestic market for demand
and consumption of fossil fuel alternatives, or to drive fuel and transportation
technology developments, in general. Barring externalities, e.g., subsidies,
governmental and departmental directives, etc., non-fossil-derived fuels are not
likely to play a significant role in the next 25 years.

5. DoD fuel consumption constraints and patterns of use do not align well with those
of the commercial sector. Most commercial-sector fuel use, for example, is in
ground transportation, with only 4% of domestic petroleum consumption used for
aviation. In contrast, almost 60% of DoD fuel use is by the Air Force, with
additional fuel used in DoD aviation if Naval aviation consumption is included.
Options for refueling ships at sea are more limited (or nonexistent) compared to
those for commercial vehicles in urban areas. Options for DoD use of electrical
energy on ground vehicles are limited, since one can not expect to plug into the grid
in hostile territory, for example, to refuel/recharge an electric vehicle. Furthermore,
drive cycles for DoD ground vehicles differ significantly from EPA drive cycles
that, as a consequence, provide poor standards for fuel consumption.

6. Even though fuel is only a relatively small fraction of the total DoD budget, there
are several compelling reasons to minimize DoD fuel use:

a. Fuel costs represent a large fraction of the 40-50 year life-cycle costs of
mobility aircraft and non-nuclear ships. Note that this is consistent with the
life-cycle costs of commercial airliners.

b. Fuel use is characterized by large multipliers and co-factors: at the simplest
level, it takes fuel to deliver fuel.

c. Fuel use imposes large logistical burdens, operational constraints and liabilities,
and vulnerabilities: otherwise capable offensive forces can be countered by
attacking more-vulnerable logistical-supply chains. Part of this is because of
changes in military doctrine. In the past, we used to talk of the “front line”,
because we used to talk of the line that was sweeping ahead, leaving relatively
safe terrain behind. This is no longer true. The rear is now vulnerable,
especially the fuel supply line.

d. There are anticipated, and some already imposed, environmental regulations
and constraints.

Not least, because of the long life of many DoD systems,

e. uncertainties about an unpredictable future make it advisable to decrease DoD
fuel use to minimize exposure and vulnerability to potential unforeseen
disruptions in world and domestic supply.
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The JASONs conclude that the greatest leverage in reducing the DoD dependence on
fossil fuel is through an optimization of patterns of use, e.g., planning and gaming, as
well as the development of in-situ optimization tools of fuel use that would help planners
and field officers choose between operational scenarios to minimize logistical support
requirements by minimizing fuel consumption. Such tools for planning and for
conducting operations could evolve and improve tactics, and enable significant
reductions in fuel consumption, while improving military effectiveness at the same time.

The JASONS noted that little or no hard data are available on fuel consumption at the
level of individual vehicles and vehicle types. Instrumenting an adequate fraction of
vehicles with the equivalent of commercially available telemetry/logging vehicle-
monitoring systems for fuel consumption, vehicle speed, acceleration, etc., e.g.,
equivalent to the GM “On-star” system, or the real-time fuel monitoring systems as in the
Toyota Prius, Honda Accord, etc., would yield valuable database information and help
establish realistic baselines against which vehicle mix and operational choices can be
optimized with an eye towards fuel consumption.

Large fuel savings could potentially be achieved by considering and optimizing the
unmanned platforms and systems to replace functionality of manned platforms and
systems.

Other areas with high leverage, in order of importance, include:

1. Optimization of engine types for DoD missions and use patterns. Commercial
hybrids are not optimized to DoD use patterns. Re-engine the M1A1 and M1A2
tanks, HMMWVs, B-52 bombers, etc. with modern engines designed and optimized
for their pattern of use.

2. Lightweighting vehicles costs money but can return significant fuel savings and
other benefits. The greatest potential weight savings are not in armor, but in design,
structural materials, and components of the vehicle drive system, radiator, etc.

Alternative fossil-fuel derived fuels, e.g., Fisher-Tropsch liquid fuels from coal, etc., are
more costly and less energy efficient than fuels produced by refining crude oil. If crude
oil sources are, for some reason, not indicated, the next most-cost-effective method to
achieve assured domestic fuels is Fisher-Tropsch on stranded natural gas, such as in
Alaska, albeit with attendant Greenhouse Gas (GHG) emission burdens, unless carbon-
sequestration measures are employed and prove efficacious and cost-effective. No
scaleable biomass processes today can yield DoD-suitable fuels.

The key conclusions of the study are that, barring unforeseen circumstances, availability
concerns are not a decision driver in the reduction of DoD fossil-fuel use at present.
However, the need to improve logistics requirements and military capabilities, and,
secondarily, the need to reduce fuel costs, as well as providing a prudent hedge against a
foggy future, especially in the Middle East and South America, argue for a reduction in
fuel use, in general.

We conclude by recommending that a more-in-depth analysis be undertaken that would
consider future possibilities and scenarios that could invalidate these findings by altering
the basic premise of no major upheavals in the next quarter-century, and the
consequences to the DoD, indeed, to the nation, should such upheavals occur.



The figure below summarizes world-wide oil movements (crude + refined products) and
is extracted from the BP Statistical Review of World Energy (June 2006, page 21). The
bottom figure depicts the U.S. imports distribution.
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l. Background and context

In light of an increasing U.S. dependence on foreign oil, as well as rising fuel costs and
implications with regard to national security and national defense, the JASONs were
charged in 2006 by the DDR&E with assessing pathways that could enable a reduction of
the DoD’s dependence on fossil fuels.

The study charge included the following tasks:

A. Explore technology options to reduce the DoD dependence on fossil fuels and/or
increase energy efficiency of our operating forces. This assessment will include an
assessment of alternative fuels and energy sources at DoD-required energy
densities, e.g., exotic alternate fuels/biomass/cellulosic biofuels, hydrogen, shale
oil, oil sands, geothermal, etc., and an assessment of the potential of structural
shaping, structural mechanical design, and novel materials application in enhancing
the survivability of lightweight vehicles.

B. Assess the viability of technologies to provide at least the performance required of
current DoD platforms and the effort required to integrate the technology and
achieve the desired level of performance. In particular, alternate fuels and energy
sources are to be assessed in terms of multiple parameters, to include (but not
limited to) stability, high- and low-temperature properties, water affinity, storage
and handling.

O

Assess blast and penetration resistance in lightweight vehicles.

D. Analyze structures and materials designs that could be adapted for use on combat
and utility vehicles, or other DoD platforms.

E. Defer detailed analyses of USAF energy/fuel use.

Part of the original study charge included a call for a study of energetic materials. That
was addressed in a separate JASON 2006 study (Prentiss et al. JSR-06-130).

Prior studies on this general topic have been performed by the Defense Science Board
(2001), by the Air Force Science Advisory Board (2005), and by other DoD advisory
groups. These studies helped place the present study in context and provided an
important input to the present study. Other studies for the DoD on this general topic are
also in progress by the DSB and other groups at this time.

The JASON study focused more on Science and Technology aspects than on policy
perspectives. In addition, the JASON study was performed within the context of the U.S.
and global situation in 2006.

At present, U.S. crude oil imports provide 63% of domestic consumption and are slowly
rising, public awareness or perception of climate change and global warming concerns
attributable to fossil-fuel consumption are also rising, and there are tensions in the
relationship between the U.S. and several countries with large proven oil reserves, both in
the Middle East and South America (Venezuela, for example), as well as other regions of
the world (cf. figures on page iv).



Il Briefings, discussions, and other input

This was a large study by JASON standards with many dimensions requiring atiention,
examination, and analysis. We are grateful to the following briefers for their
presentations, follow-up materials and conversations, and general assistance and insights.

26Jun06:

Ed Schaffer [ARL / OSD APTI]: Energy and Power Technology Initiative Update

Marvin Wenberg [DESC, SC, USN]: DESC Overview

William Voorhees [NAVAIR]: Department of the Navy Future Fuels for Tactical
Applications

27Jun06;

Charles Raffa [TARDEC]: Ground Vehicle Powertrains

Ghasan Kahlil [TARDEC]: Army Hybrid Electric Efforts

Anthony Nickens [ONR]: ONR Science and Technologies for Fuel Savings

James Webster [NAVSEA]: Propulsion Methods for Surface Combatants

Dieter Multhopp [AFRL]: Addressing Air Force Fuel Issues: Air Vehicle
Efficiency

Chris Norden [AFRL]: Turbine Engine Technologies and Future Innovative
Opportunities for Fuel Efficiency

Tim Edwards [AFRL]: Alternative Fuels

28Jun06:

Stan Horky [GM]: Current Development of Fuel-Cell Vehicles

Ann Karagozian [AFSAB]: Technology Options for Improved Air Vehicle Fuel
Efficiency

Paul Scott [ISE]: Advanced Power-Trains and Hydrogen-Fueled Hybrid Electric
Buses: Reporting on In-Service Experience and Fossil-Fuel Substitution.

Bill van Amburg [Weststart-CALSTART]: Medium and Heavy Hybrid Vehicles:

Field Experience and Commercial Development

Scott Kochan [Ovonic Hydrogen]: Hydrogen ICES Vehicles

13Jul06:
Scott Schoenfeld [ARL]: Advances in Armor

17Jul06:
Tad Patzek [UC Berkeley]: The Real Biofuel Cycles
Michael Wang [ANL]: Well-to-Wheels Analysis of Vehicle/Fuel Systems
20Jul06: (VTC)
Robert Roche and Peter Melik [Army, AMSAA]: Fuel Consumption Modeling
and Support Insights

In addition, we would like to acknowledge the assistance and reference material provided
by Prof. David Pimentel [Cornell U.] on biofuels and agricultural-sustainability issues
and to Dr. Steven Koonin [BP], for providing otherwise difficult to obtain cost and other
data to our study, as acknowledged specifically below.



Statement of the problem

The JASON study was organized around the following series of questions:

The first group of questions concerns the present:

1
2.

o

Is there is a potential future shortage in (crude) oil supply to the DoD?

What are the national-security/national-defense implications of the global and
domestic oil supply/demand picture?

Are present/anticipated DoD fuel costs a decision driver?

What are the logistical, operational, and tactical consequences of present DoD fuel-
use patterns?

What are the main fuel-efficiency and conservation drivers?

The second series of questions relates to the future:

6.

How could DoD fuel-use reductions be realized and what advantages (e.g.,

financial, operational, and tactical) would be realized if these reductions were to be
achieved?

How could one beneficially change tactics, CONOPs, use patterns, etc., in response
to a reduction in fossil fuel consumption?

What technology options are available to the DoD to facilitate reductions in (fossil-)
fuel use?

Where should DoD invest for the greatest return on investment?
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VIII. Recommendations and path forward

L

10.

Consider buffers against future crude-oil and fuel price increases:
a. inventory timing, e.g., seasonal buying choices,

b. investing in long-term contracts, and

c. diversifying sources and supplies.

Make long-term planning for future fuel sources, production, and use. Be aware of
present and anticipated environmental (GHG, etc.) regulations.

Optimize exploitation of commercial aviation fuels. Consider distributed and
OCONUS local production of military fuels (JP-5, JP-8, JP-8 +100) from commercial
aviation fuels.

Review and minimize CONUS fuel use; most DoD fuel is used in CONUS.

a. Increase reliance on simulator training programs

b. Devise fuel-use optimization tools for gaming, planning, and in-situ field use with
an eye to fuel consumption (vehicle mix, tactics, operational choices) and
logistical requirements.

c. Optimize vehicles to DoD patterns of use.

. Track the pattern of use for vehicles and fuels.

a. Track fuel use and different vehicle patterns of use (idling vs. in-motion engine
use time fractions) across the DoD to develop a database for use in optimizing
fuel efficiency, and designing/selecting future vehicles.

b. Optimize platforms, powerplants, with respect to DoD-relevant patterns of use, in
each case. Include fuel in vehicle/platform life-cycle costs as a (strong) factor in
the optimization.

Develop the necessary accounting and tracking tools to determine fuel delivery and
logistics burdens and multipliers, so that it is possible to know what has been saved
throughout the logistics chain when a gallon of fuel consumption is reduced at any
point in the fuel demand chain.

Determine fuel delivery/use logistics burdens and multipliers.
a. Gallons required per gallon delivered.
b. Cost per gallon delivered to the field, in the air, at sea, etc.

Reengine the M1 tank, the B-52 bomber, etc., to exploit modern engine technology
and engines designed for the purpose, in each case.

Lightweight armored and tactical vehicles, leveraging modern design, structural, and
materials developments. Exploit new armor technologies for increased effectiveness
for the same mass. We recommend that DoD resist down-armoring. Weight
reductions are more likely achievable without loss in functionality in other parts of
the vehicle.

Manned vs. unmanned vehicles: Reexamine and extend UAV, UUYV, and robotic land
vehicle uses. Consider new designs that can only be realized in unmanned vehicles
and platforms.
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Appendix I: Energy glossary

AAFC
AAV
ARMS
bagasse

barrel
BL

boe
BTL
BTU

BTU/f
BTU/gal
BTU/lbm
CAA
CCGT

CCS
CGF
CGM
CHP

CO

CO,

CTL
DB
DDGS

Agriculture and Agri-Food Canada
Amphibious Assault Vehicle
Agricultural Resources Management Survey

(sometimes spelled bagass): biomass remaining after crushing sugarcane
stalks to extract their juice. A sugar factory produces nearly 30% of bagasse
out of its total crushing that is often used as a primary fuel source for sugar
mills. When burned in quantity, it produces sufficient heat energy to supply all
the needs of a typical sugar mill, with energy to spare. A secondary use for
this waste product is in cogeneration to provide both heat energy, used in the
mill, and electricity, which is typically sold to the grid. [Wikipedia, 13Aug06]

(of 0il) = 42 (U.S.) gallons = 1 bbl (“blue barrel” of oil).

Black Liquor. By-product of paper pulping that contains the lignin part of the
wood, commonly used as an internal fuel source to power the paper mills.
Through gasification, one can generate syngas and synfuels

barrel of oil equivalent = 5.8 MBTU = 6.12 MJ

Biomass-To-Liquid (fuel)

British Thermal Unit = (heat) energy needed to raise the temperature of one
pound (Ibm) of water by one °F = 1.055056 kJ

=37.258946 kI/m’

=0.278716 kl/liter

=2.326 kJ/kg

Clean Air Act Amendments

Combined-cycle gas turbine: refers to a power plant that utilizes both the
Brayton (gas-turbine) cycle and the Rankine (steam) cycle. The exhaust from
the gas turbine is used to generate the energy for the Rankine cycle.

Carbon capture and storage, aka, carbon sequestration
Corn gluten feed (21 percent protein)
Corn gluten meal (60 percent protein)

Combined heat and power: the simultaneous and high-efficiency production
of heat and electrical power in a single process.

Carbon monoxide. Constituent, along with H,, of the first step(s) of the
Fischer-Tropsch process

Carbon dioxide: a gas produced by many organic processes, including human
respiration and the decay or combustion of animal and vegetable matter.
Greenhouse gas with strong absorption bands at the thermal-emission
spectrum.

Coal to Liquid (fuel), as via the Fisher-Tropsch process.
Dry basis, 1.e., w/o water, for starch content in grains
Distiller’s dried grains with solubles
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DICI
DME
DOE

DPF

E85
EIA

EOR
EPA

ERRATA

Ethanol
FC
FCRS
GHG
GREET
GTL
GwW
GWh
HFCS
HHV
HICE
ICE
IEA

IED

IPP

Joule

kJ
kW, KW

Direct Injection Compression Ignition (engine)
Dimethyl ether. Surrogate for diesel.

Department of Energy. The federal agency that oversees the production and
distribution of electricity and other forms of energy.

Diesel Particulate Filter (emissions mitigation). Decreases diesel-engine
power output if installed.

A fuel mixture of 85% ethanol and 15% gasoline

Energy Information Administration: the statistical and data-gathering arm of
the Department of Energy.

Enhanced oil recovery

U.S. Environmental Protection Agency: the agency that oversees and
regulates the impact of, among other things, the production of energy on the
environment of the United States.

Energy Regulatory Reform and Tax Act: a plan to deregulate the production
and distribution of electricity, to update environmental laws regarding energy
production, and to alter the existing tax structures.

C2H50H: Next-lightest alcohol, after methanol.

Fue] Cell

Farm Costs and Returns Survey

Greenhouse gas.

Greenhouse gases, regulated emissions, and energy use in transportation
Gas To Liquid (conversion)

Gigawatt = 10° Watts.

Gigawatt-hour: the amount of energy available from one gigawatt in one hour.
High-fructose corn syrup

High-heat value

Hydrogen internal combustion engine

Internal combustion engine

International Energy Agency: a twenty-six member union of national
governments with the goal of securing global power supplies.

Improvised explosive device

Independent power producers: companies that generate electrical power and
provide it wholesale to the power market. IPPs own and operate their stations
as non-utilities and do not own the transmission lines.

The (kinetic) energy acquired by a mass of one kilogram moving at a speed of
one meter per second

kilojoule = 10° Joules
kilowatt = 10° Watts = 1.341 HP

kWh, KWh = energy available from one kilowatt in one hour = 3.6 MJ

LHV

Low-heat value
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LNG
LPG
M85
Methane
Methanol
M
MTBE

MW
MWh
NASS
NEDC
NEV

Liquified Natural Gas

Liquefied petroleum gas

a fuel mixture of 85% methanol and 15% gasoline

CH4: Main constituent of natural gas. Also, important greenhouse gas.
CH3OH: Lightest alcohol. Toxic, causing nerve and eye damage.
Megajoule = 10° Joules = 0.2778 kWh

Methyl tertiary-butyl ether. Fuel oxygenate additive. Being phased out
(toxic) in favor of ethanol.

Megawatt = 10° Watts = 1 MJ/s

Megawatt hour: energy available from one megawatt in one hour.
National Agricultural Statistics Service

New European Driving Cycle (standard)

Net energy value

NOX, NOx Nitrogen oxide(s): assorted oxides of nitrogen, generally considered

PISI
PM10
PTW
PURPA

Quad
RFG

S
SAGD
stover

UAV
UCG
USDA
uuv
Watt
WEO
WTP
WTW

pollutants, that are commonly produced by combustion reactions.

Port Injection Spark Ignition (engine)

Particulate matter in the atmosphere that is between 2.5 and 10 pm in size.
Pump-To-Wheels (analysis)

Public Utility Regulatory Policy Act: act of Congress targeting the reduction
of American dependence on foreign oil through the encouragement of the

development of alternative energy sources and the diversification of the power
industry.

Quadrillion BTU = 10" BTU = 1.055 EJ (exajoule)= 172 Mbbl-eq
Reformulated gasoline

Sulfur

Steam Assisted Gravity Drainage

(corn): the leaves and stalks of corn (maize), sorghum or soybean plants left in
a field after harvest. It can be directly grazed by cattle or dried for use as
fodder (forage). It is similar to straw, the residue left after any cereal grain or
grass has been harvested at maturiry for its seed. [Wikipedia, 13Aug06]

Terawatt = 10'* Watts

Unmanned/Unpiloted Air Vehicle

Underground coal gasification

U.S. Department of Agriculture

Unmanned Underwater Vehicle

= one Joule per second.

World energy outlook: a projection analysis made by the IEA
Well-To-Pump (analysis)

Well-To-Wheels (analysis)
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Appendix ll: Air-to-air jet-fuel delivery costs

As part of this study, an estimate was made of the cost per gallon delivered in mid-air
using one of the 530 KC-135s or one of the 59 KC-10s in the U.S. Air Force tanker fleet.
The resulting estimates are depicted in the figure on page 30.

An earlier study [DSB2001] reported that, “the fully burdened cost per gallon delivered
in midair” was $17.50/gal in FY 1999 (then-year dollars). This cost is shown in the figure
on page 30, brought forward to FY2005 dollars. The present study’s estimates of
FY05%$22/gal and FY06$23/gal are consistent with the previous (DSB2001) estimate
reported for FY99.

The present study considered the per-gallon cost breakdown for the mid-air refueling
enterprise into infrastructure capital costs; operations and maintenance (O&M); and the
DESC wholesale cost of fuel carried by the tankers. Costs to fuel and fly the tankers
themselves are captured in the O&M costs for the tankers. The wholesale fuel costs cover
only the cost of the fuel delivered to tanker customers in mid-air.

To normalize the per-gallon estimates, the total volume of AVFUEL (JP-8, F-76 and Jet-
A) delivered to tanker customers was used in the denominator: 207 million gallons in
FYO0S5 and 213 million gallons in FY06 estimated based on figures through May of 2006.

These include fuel delivered mid-air via tanker to non-USAF customers (~ 20% of tanker
deliveries). Excluding non-USAF mid-air deliveries, the fraction of USAF fuel
consumption delivered to USAF aircraft in midair was about 6.3%. This is similar to the
percentage previously reported [DSB2001].

The wholesale price per gallon of AVFUEL was obtained from the DESC Fact Book for
2005 and 2006, while the 1999 figure was taken from the earlier study [DSB2001]. If the
DESC price changed during the fiscal year, then the time-weighted average of the various
per-gallon prices was calculated and used for that year.

Because the acquisition history of the tanker fleet was not available for this study, the
annual cost of midair fuel delivery infrastructure (i.e., the KC-135 tanker fleet) was based
on a reported $40M (FY 1998 dollars) unit cost, amortized over a 40 year aircraft life,
brought forward to current-year dollars. A fleet of 516 KC-135s was used for this
calculation as an equivalent to the actual current fleet, based on reported capabilities of
KC-135Rs versus KC-135Es versus KC10s.

O&M costs were obtained for FYOS from the USAF directly [L. Klapper, AFCAA, pvte.
Comm.], and were reported as $3.7B for the operation of 112 KC135Es, 418 KC135Rs,
and 59 KC10s. Based on separate cost figures also provided by the USAF, the variable
cost per gallon delivered by aircraft was calculated and summed over the fleet to get the
component of O&M costs that scale with the amount of fuel delivered. This was ~30% of
total O&M costs. Using these figures the 2006 O&M per-gallon costs were estimated by
scaling the variable costs by the estimated volume delivered in midair in 2006, keeping
the fixed O&M costs the same as 2005. These calculations were done in FYOS dollars.

The results of this cost analysis, shown in the figure on page 30, illustrate how
infrastructure, and operations (O&M, here) multiply the cost of fuel delivered to a front-
end user. A numerical estimate of the fuel-multiplier in this case can be estimated by
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assuming, conservatively, that 20% of the O&M costs result from mobility fuel to fly the
tankers themselves. This assumption yields the estimate that tankers burned 482 million
gallons (20% of $O&M / [$/gal at wholesale]) of fuel to deliver 207 million gallons of
fuel in FY2005. This yields a fuel-delivery multiplier of 3.3 . This multiplier leads to
corresponding overhead and logistics costs, in both dollars and tactical/operational terms.

At least 37% of the $20-$25 /gal cost, i.e., ~$8.45/gal, is estimated to scale with fuel
consumption, illustrating the potential benefit of improved fuel efficiency.
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