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2006 Olil Use

Globally 80 MB/day
Nationally 21 MB/day

Commercial, 2%
Utilities, 1%

Residential, 4%

Industrial, 25%

Transportation,
68%

Data Source: EIA Annual Energy Review 2006
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U.S. Consumption Grows
While Production Declines

Overview, 1949-2005 o _
Energy Information Administration / Annual Energy Review 2005

25 T Petroleum products supplied is used as an approximation for consumption.
# Crude oil and natural gas plant liguids production.
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U.S. Oil Production Peaked in Mid-70’s

Mb/d
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Source: Texas Railroad Commission US Energy Information Administration

.,
QFIEL National Renewable Energy Lab
e




Strategic Petroleum Reserve

U.S. Strategic Reserves
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Significant World Growth

China’s 0Oil Production and Consumption, 19862006
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Peak Oil Production

1000 Barrel per day
History A |
40000 .
To 2010: ~8 mb/day are missing to maintain production constant ~ Norway 01
35000 Anstralia 20082
United Kingdom 99 4 Aﬂ'-:::"*"-..
30000 e RN vermen
23000 China 93 \ Elﬂﬁlrgﬂtr;al Zone
= Argentina 98 Mesxico
Brazil
Malaysia 9?
20000 GaboTy7 ,#""“\ Angola
Syria 95 §
15000 India 95
Eqypt 93
10000 ponesa 17
_ Canada {conv.) a-"'"'!
5000 Eﬂman¥ﬁ; GOM
0 .

1900 10 20 30 40 50 &0 70 80 90 0 10
Year

Source: Industry data base, 2003; Analysis: LBST

World excl. OPEC, former Soviet Union and non-conventional Canadian oil (tar sands). (Peak years for each country are shown.); The
peak 35 million barrels per day is 42% of world production. SOURCE: Salzburg 2003 Summer School

NGL = Natural Gas Liquids including ethane, propane, butane, and sulfur, are derivatives of natural gas, extracted during gas refining.
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Billions of Barrels
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Proven Reserves, 2006
World Total ~1.3 Trillion Barrels

Energy Information Administration / Annual Energy Review 2005

U.S. Reserves (Billion Barrels)
21BB current estimate
13BB remain Prudhoe Bay (vs. 10BB pumped)
10BB Alaska Nat'l Wildlife Refuge
45BB Optimistic Gulf of Mexico

Current forecast is 7.3BB/yr U.S. consumption

OPEC Member:
Excludes Indonesia
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Ethanol Deployment




Ethanol and Ethanol Blends

Alcohol-based fuel produced from starch crops or cellulosic
biomass such as trees and grasses: -

— Currently, corn is primary feedstock
— Cellulosic feedstock in development

High octane (100+):
— Used to enhance octane of gasoline (E10)

— As oxygenate in the winter to reduce CO emissions during
combustion (E10)

As an alternative fuel, most commonly used in a summer
blend of approximately 85% ethanol and 15% gasoline
(E85). Winter blends may be as low as 70% ethanol.

E85 has 27-36% less energy content than gasoline so
mileage is adversely affected. OEM’s estimate 15-30%
decrease in mileage.
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Flex Fuel Vehicles (FFVs)

Flex fuel vehicles use E85, unleaded gasoline or any
combination of the two. Conventional vehicles are not
certified for use with E85

Key component differences in a flex fuel vehicle are:

— Higher volume fuel pump, larger diameter injectors, different
materials in the fuel system, heads, valves, and piston rings,
and different ECM calibration

If E85 is used in a non- flex fuel vehicle the driver will
experience very poor acceleration, a substantial increase in
maintenance costs, eventually component failure

FFVs are available in light duty vehicles including cars, vans,
Y2 ton pickups, and SUV’s. There are an estimated 6 million

FFVs on the road in the U.S.
For more information: http://www.eere.energy.gov/afdc/pdfs/41597.pdf
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Flex Fuel Vehicle Components

Engine calibration updates: Fueling Insulated wiring: Made from Fuel pump assembly: In-tank components
and spark advance calibrations directed special materials to handle ethanol’s made from ethanol-compatible materials;
by vehicle computer and software to increased conductivity and larger capacity fuel pump to deliver more
optimize combustion, enable cold start, corrosiveness fuel to compensate for ethanol’s lower

and meet emissions requirements energy density

Piston rings: Special materials used to
minimize wear from ethanol’s alcohol
properties, which wash lubrication

Fuel filler neck: Anti-siphon
from parts

and spark arrestor features
included to meet U.S.
regulations

Cylinder heads, valve seats,
and valves: Special materials
used to minimize wear from
ethanol’s alcohol properties,
which wash lubrication from parts

Fuel sensor: Automatically senses
the composition of fuel to adjust for
ethanol blends Fuel tank: Composed of special

materials to minimize evaporative

Fuel injectors: Made from ethanol- Fuel rail and fuel lines: Made from ethanol- emissions from ethanol
compatible materials; designed to compatible materials; designed to handle

deliver greater fuel volume required by increased fuel volume requirements to compen-

ethanol’'s lower energy density sate for ethanol’s lower energy density

{:}HEL National Renewable Energy Laboratory




FFV Conversions

 FFV conversions are considered “Aftermarket Conversion
Systems”, not just “Devices” and therefore are required to

obtain a Certificate of Conformity
— The same emission certification required of a new vehicle

« Currently no converted vehicles are approved by the EPA.
— To date none have obtained a Certificate of Conformity.
Two are in the approval process.

For more information on the approval process:
http://www.eere.energy.gov/afdc/resources/technology bulletin_0807.html
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Points to Consider for E85

Decreased mileage and range when using E85

High level of fuel pricing volatility until demand and
supply balance
— Needs to cost 20%-30% less to make economic sense

Refueling infrastructure not in place in all geographies.
Currently there are approximately 1200 stations in the
U.S. offering E85.

Colorado currently has 30 stations with over 50
projected by end of 2007.

Controversy in press over life cycle energy balance and
greenhouse gas emissions

Limited tailpipe emission data.
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Life Cycle Energy Balance

Producing Ethanel
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*Argonne National Laboratory, “Ethanol, The Complete Energy Lifecycle Picture”, March 2007

For complete brochure:
http://www.eere.energy.gov/vehiclesandfuels/pdfs/program/ethanol_brochure color.pdf
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Fossil Energy Ratio

Energy Delivered to Customer

Fossil Energy Ratio (FER) Fossil Energy Used

Fossil Energy Ratio

Cellulosic Biodiesel Corn Gasoline Electricity
Ethanol  (soybean oil)  Ethanol
Biorefinery

Biodiesel data from: “An Overview of Biodiesel and Petroleum Diesel Life Cycles”, J. Sheehan, et al. (1998).

Additional source: J. Sheehan & M. Wang (2003
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E85 Emissions




Greenhouse Gas (GHG) Impact*

Replacing a gallon of gasoline with equivalent EtOH

Corn EtOH using coal as the energy source- approx.
2% increase in GHG’s

Corn EtOH using current energy sources- approx.
15% decrease in GHG’s

Corn EtOH using Natural Gas- approx. 28% decrease
in GHG’s

Cellulosic EtOH- approx. 85% decrease in GHG’s

*Argonne National Laboratory, “Ethanol, The Complete Energy Lifecycle Picture”, March 2007

.
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Flexible Fuel Vehicle Emissions

Limited data on recent model year vehicles
Avalilable data currently being reviewed by NREL
Further testing being completed by NREL, EPA and CRC

Past data shows for operation on E85:

- GHG- reduced CO, emissions and increased CH, emissions
- Slightly reduced evaporative emissions compared to gasoline
- Reduced air toxic emissions for benzene and 1,3 butadiene

- Increased air toxic emissions for acetaldehyde and
formaldehyde

.
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NREL E85 Emissions Testing

Testing being performed at Colorado Department of
Public Health and Environment mobile source emissions
lab as part of Colorado E85 Coalition initiative

— Winter E85 (~71% ethanol) and winter gasoline (E10)
— Summer E85 (~85% ethanol) and summer gasoline (EO)

Using standard EPA testing requirements and protocol

Using Colorado state fleet vehicles and possibly EPA fleet
vehicles (minimum 5 vehicles)

All testing to be completed Fall 2007
— Some of the only available data on recent model year FFVs

Report to be issued 4t Qtr 2007

.
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Biodiesel Deployment




What is biodiesel?

* Mono-alkyl esters of fatty acids (i.e. methyl or ethyl esters)

100 Ib triglyceride + 10 1b alcohol = 10 Ib glycerine (byproduct) + 100 Ib mono-alkyl ester

soy oil methanol Biodiesel
(0] O O
4
OCH, OCH, OCH,
\ \
Methyl Oleate Methyl Linoleate Methyl Linolenate

* Must meet the quality requirements of ASTM D6751
 Typically used as blend with petrodiesel (up to 20%)
 DOE R&D effort focused on use of biodiesel at 20% or lower

#
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Biodiesel Attributes

High cetane (avg. over 50)

Ultra low sulfur (avg ~ 2 ppm)

Blends have similar energy content per gallon
High lubricity, even in blends as low at 1-2%

Poorer co
Renewab

d flow properties with high blends
e

Reduces

HC, PM, CO in pre-2007 diesel engines

Blends can be used with no engine modification
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Biodiesel Warranty Issues

» Manufacturers warrant their products against defects in materials
and workmanship

*In general use of a particular fuel should have no effect on the
materials and workmanship warranty

 Use of biodiesel does not “void the warranty”, this is prohibited by
the Magnuson-Moss Warranty Act

» Manufacturers are concerned that extensive use of biodiesel will
result in increased numbers of warranty claims for what are actually
problems caused by the fuel

Engine and vehicle manufacturers are generally comfortable
with blends up to 5%

Lack of experience plus concerns about fuel quality and stability
are what is preventing approval of blending levels above 5% for
most manufacturers

http://www.biodiesel.org/resources/fuelfactsheets/standards_and_warranties.shtm .;:5. NREL itionsl Renewable Excioy taboratony
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Why biodiesel?
Biodiesel is truly renewable

Energy Delivered to Customer

Fossil Energy Ratio (FER) =
Fossil Energy Used

Petroleum diesel uses 1.2 MJ of fossil energy to produce
1 MJ of fuel product energy

Fossil energy ratio = 0.83

Biodiesel uses 0.31 MJ of fossil energy to produce 1 MJ
of fuel product energy

B100 Fossil energy ratio = 3.2

B20 reduces life cycle petroleum consumption by 19%
B20 reduces life cycle CO, emissions by 16%

Ana/ySiS from NRELH-P-580-24 772‘7 May 1998 {:?ME'— National Renewable Energy Laboratory
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Biodiesel Production
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*400-450 million gallons demand
predicted for 2007

 Current production capacity is more
than 1.4 billion annual gallons (Sept.
2007)

* Nearly 1.9 billion annual gallon
additional capacity under
construction or planned (Source:
NBB)

Commercial Biodiesel Production Plants (January 31, 2007)
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How Much Biodiesel?

U.S. Biodiesel Feedstock Supply

Existing Feedstock Supplies: 1.7 billion annual gallon

1.7 billion annual gallon resource
3.6 billion annual gallons by 2016

*Long-Term Potential: 10 billion
annual gallons by 2030

*US on-road market: 40 billion annual
gallons

*Developing new feedstock
sources should be a priority

*Algae
*New crops
*Higher oil yield

New Animal Fats

New Vegetable Oils

!

Potential New Feedstock Supplies: 1.9 billion annual gallons

Feedstock analysis from NREL/TP-510-34796, June 2004 'I:I' MREL National Renewable Encrgy Laboratory
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Biodiesel Quality




Biodiesel Production Process
—Crude Products

Methanol for

Purification and «——
Recycle

Fat or Vegetable Oil < / -
/ ~ Crude Biodiesel
Excess Methanol ” " for Purification
Catalyst >
(caustic soda, NaOH) J

Crude Glycerol for
Sale or Purification

.
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Potential Impurities in Biodiesel

Methanol

— Degrades some plastics and elastomers, corrosive
— Can lower flashpoint to unsafe levels (fire safety)

Unconverted/partly converted fat (bound glycerin)

— Results in very poor cold flow properties, injector and
in-cylinder deposits, potential engine failure

Glycerin (free glycerin)

— Results in injector deposits, clogged fuel filters, deposit
at bottom of fuel storage tank

Catalyst (caustic, NaOH)

— EXxcessive injector, fuel pump, piston, and ring wear,
filter plugging, issues with lubricant

All are limited by ASTM D6751 specification
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Biodiesel Quality Surveys
* B100 exhibited 15% failure rate in
2004

Survey of the Quality and Stability of Biodiesel and Biodiesel
Blends in the United States in 2004
http://www.nrel.gov/vehiclesandfuels/npbf/pdfs/38836.pdf

- Showed significant problem with = Lo
2006 . A ., ..f-}af T\
— 50% failure rate N g

— Report in preparation — - s
2006 B100 Quality Survey Results

— NBB res ponse http://www.nrel.gov/docs/fy07osti/41549.pdf

« Ongoing 2007 survey
— Sample collection from every
producer
— Preliminary results show improving
quality
— Publicly present prelim. results in

.
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Buying Quality Biodiesel — B100

*Demand that the supplier provide a
certificate of analysis showing compliance
with D6751 for every batch of biodiesel they

produce

— This is the basic requirement of the BQ-9000
program

— If the supplier cannot provide this, find a
different supplier

oty =
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Biodiesel Degradation

* Microbial contamination
— Biodiesel is biodegradable
— Microbes form films or mats that can plug filters
— Requires water in storage tank

— Storage tank housekeeping issue/biocide
treatment

— Also an issue for petroleum fuels

» Oxidation
— Increases acidity (limited in D6751 to 0.5)
— Forms gums
— A stability requirement is included in D6751

0.0
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Biodiesel Stability

NREL/NBB stability study shows that blend stability is
dominated by B100 stability

This work led directly to the adoption of a stability
requirement for B100 by ASTM

— 3 hour OSI induction time

“Cummins is able to upgrade its previous

— Final report in preparation position on the use of biodiesel fuel, which
limited the use to B5 blends only, up to B20 for
25 three key reasons. First, the American Society of
Testing Materials specification ASTM D6751
O now includes an important stability
o —6— 31 specification for B100 biodiesel.”
T —— 6.5 . .
8 .. ] —4— D5 http://www.everytime.cummins.com/every/news/
> = ?S release99.jsp
. —— 7.3
Ea. —— 02
= 1
-
=
L s /{4 Empirical Study of the Stability of Biodiesel
I e and Biodiesel Blends
0.0 ? ——— http://www.nrel.gov/docs/fy07osti/41619.pdf
0 2 4 B 5 10 12
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Emission Impacot of B20

* 10% to 25% reduction in PM
and CO, depending on
engine, test cycle, and other
factors

* 5% to 15% reduction on total
HC and toxic compounds
iIncluding: Aldehydes, PAH,
NPAH

* Impact on NO, emissions less
certain

—EPA review of published data
found B20 causing NO, to go up
~2%

—But many studies show NO,
going down

emissions

nt changein
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Recent NREL Testing — Biodiesel NO, Impact

* NO, can increase or decrease depending on engine

- Data compilations that are not weighted to one engine
model show no change in NO, on average for B20

 Additional research is needed to quantify impact
* Reduction in PM, CO, and THC is robust

These results have led EPA to make a more neutral statement about
biodiesel’s NOx impact (RFS Final Rule):
-Conclusion that NO, increases not widely accepted
-Conflicting results from other studies
-Additional studies involving all stakeholders are planned

Effects of Biodiesel Blends on Vehicle Emissions:
http://www.nrel.gov/docs/fy07osti/40554.pdf

.
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B20 Testing with DPF & ULSD

B20 results in substantial PM reduction even with DPF
(data for 2003 Cummins ISB with Johnson Matthey CCRT on HD FTP)

0.10

0.09

= 25% avg. reduction

HULSD Fuel
= B20 Fuel

Reduction with DPF ranges

from 20% to 70%, depending

>/ on basefuel, test cycle, and
other factors

* Reduction in sulfate

emissions
* Increased PM reactivity

PM (g/bhp-hr)
o
[}
o
l

= 67% avg. reduction

wlout CCRT PM (g/bhp-hr)  with CCRT PM X 10 (g/bhp-hr)

Williams, et al., “Effect of Biodiesel Blends on Diesel Particulate
Filter Performance” SAE 2006-01-3280

.
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Biodiesel Summary

*Biodiesel is a significant sustainable energy resource for the
United States

*Use of high quality biodiesel meeting ASTM D6751 (or other
national standard) is critical for good performance

*Development of new feedstock sources (energy crops,
algae,....) is critical for the development of this industry

*B20 produces robust reductions in emissions of soot, toxics,
and carbon monoxide

*B20 appears to have no consistent impact on emissions of NO,

.
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Federal Incentives

EPAct of 1992 as amended by EPAct of 2005
— Requires certain regulated fleets of 50 or more LDV’s, located in Metropolitan
Service Areas, and centrally fueled to buy alt fuel LD vehicles
Executive Order (E.O.) 13423 signed in 2007

— Requires certain federal fleets to decrease petroleum consumption by 2% per year
relative to their fiscal year (FY) 2005 baseline through FY 2015. Also requires
agencies to increase alternative fuel use by 10% per year relative to the previous
year.

Infrastructure tax credits
— 30% up to $30,000
Hybrld and Alternative fuel vehicle tax credits (EPAct 2005)
Depending on model and # of units sold
— Hybrid tax credits ranges from $400 to $2,400 for LD and $7,500 to $30,000 for HD

— Alternative Fuel vehicle credits are 50% of incremental cost with an additional 30%
available if vehicle meets rigorous emission standards. Maximum tax credits by
weight class range from $4,000 for up to 8,500 pounds to $32,000 for more than
26,000 pounds.

Excise and fuel use tax credits
— Excise tax credit for non-taxable use
« Biodiesel- 24.3 cents per gallon of biodiesel, E85- 18.4 cents per gallon, CNG
& LPG- 18.3 cents per GGE, LNG- 24.3 cents per GGE
— Fuel use credit

 Biodiesel- 50 cents or $1.00 per gallon of biodiesel depending on feedstock,
E85- 51 cents per gallon, CNG, CNG & LPG- 50 cents per GGE

*,
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Department of Energy
Clean Cities Organization
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Clean Cities Origin and History

« Created by DOE to address requirements in
Energy Policy Act of 1992

— Technical, financial, and information C |
assistance to communities with alt fuel l_e.an
deployment plans and to regulated fleets Cities

« Uses a local strategy to advance a national
goal.

Clean Cities Goal
By 2020 displace 2.5 billion gallons of
petroleum annually.

For more information: http://www.eere.energy.gov/cleancities/

.
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Clean Cities Coalitions

« Public-private partnerships at local, regional, or state
level to speed implementation of advanced vehicles and

alternative fuels

 Three active Coalitions in Colorado
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Clean Cities Progress

At the end of 2006, the Clean Cities stakeholders had
saved over 1.6 billion gallons

« The program is on track to exceed it's 2020 goal of 2.5

billion gallons

Million Gallons Gasoline
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Clean Cities Technical Support

Alternative Fuels Data Center
(http://www.eere.energy.gov/afdc/)

— Website with technical info on
technologies

— Resource for coordinators and the public

Program and technology analysis e
— Program metrics i e —— =
— Analysis of emerging technologies and a—

issues

Tiger Teams

— Technical experts to solve vehicle and
infrastructure implementation problems

Technical Response Service

— Knowledgeable resources for questions

For help in any of these areas, contact your local Clean Cities Coordinator
For contact information: http://www.eere.energy.gov/cleancities/coordinators.html
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Additional Transportation and Fuels
Related Tasks at NREL

 Cellulosic ethanol

* Fleet evaluations Wy
— HD cab design, HD hybrids and impact of duty ycle
— Biodiesel
— UPS Hybrid
* Fuels
— Mid level ethanol blends
— Biodiesel and E85; quality, emissions, fuel standards
— Other non-petroleum based fuels (GTL)

* Vehicles

— Plug in and alternative fuel hybrids
— Climate control strategies S o
Energy storage technologies and thermal
management
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Colorado Governor’s Biofuels
Coalition




GOVERNOR’S
BIOFUELS
COALITION

Advancing E85 and Biodiesel in Colorado

Formed in Fall of 2005 by the Governor's Energy Office

Volunteer membership with diverse group of
stakeholders

Currently has $50,000 to help fund infrastructure (SEP,
PVE, CMAQ)

Project funding is 35% of net cost after tax incentives
or a maximum of $15,000 for E85 and $10,000 for
biodiesel

Application forms and process details are online

State fleet is partnering with other fleets

http://www.colorado.gov/oemc/programs/transportation/biofuels/index.htm
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Some Sensible Solutions

“‘Right Size” the fleet
Reduce VMT

— Mass transit, carpool, bike, walk, telecommute

Replace Fuels
— Biofuels
— Clean diesel
— Hydrogen
— Electricity
Reduce Vehicle Fuel Consumption
— All vehicles
* Reduce mass, aerodynamic drag, rolling resistance
— Conventional vehicles
» Cylinder deactivation, 6-speed transmissions

— Advanced powertrains
* Hybrid-electric vehicles
* Plug-in HEVs
* Fuel cell vehicles

— Consider replacing light-duty gasoline vehicles with more
efficient clean diesel/biodiesel vehicles I NREL Notions Renewabie Energy Loborstory




Conclusions

Our country requires a reliable transportation system

— Our current transportation system is inflexible,
depending on one fuel from increasingly limited
sources in politically unstable regions

QOil
— Production is flat or declining _
— Demand is increasing (domestically and gIobaIIy)

— Reserves are diminishing and are in politically
unstable areas

Oil infrastructure is vulnerable
— Natural disasters, equipment failures, terrorism/war,
politics
Multiple solutions are available and required
— Fewer VMT
— More efficient vehicles

— Diverse sources of fuel, including electricity, biodiesel,
ethanol, natural gas, propane

Multiple sources of funding are available

.
* e -
',3?“?:'— National Renewable Energy Laboratory
i




	Agenda
	2006 Oil Use

	U.S. Consumption Grows�While Production Declines
	U.S. Oil Production Peaked in Mid-70’s
	Strategic Petroleum Reserve
	Significant World Growth

	Peak Oil Production

	Proven Reserves, 2006

	Ethanol Deployment
	Ethanol and Ethanol Blends
	Flex Fuel Vehicles (FFVs)
	Flex Fuel Vehicle Components
	FFV Conversions
	Points to Consider for E85
	Life Cycle Energy Balance
	Fossil Energy Ratio

	E85 Emissions
	Greenhouse Gas (GHG) Impact*
	Flexible Fuel Vehicle Emissions 
	NREL E85 Emissions Testing
	Biodiesel Deployment
	What is biodiesel?
	Biodiesel Attributes
	Biodiesel Warranty Issues
	Why biodiesel?�Biodiesel is truly renewable
	Biodiesel Production
	How Much Biodiesel?  
	Biodiesel Quality
	Biodiesel Production Process �–Crude Products
	Potential Impurities in Biodiesel
	Biodiesel Quality Surveys
	Buying Quality Biodiesel – B100
	Biodiesel Degradation
	Biodiesel Stability
	Emissions
	Emission Impact of B20
	Recent NREL Testing – Biodiesel NOx Impact 
	B20 Testing with DPF & ULSD

	Biodiesel Summary
	Federal Incentives
	Federal Incentives
	Department of Energy�Clean Cities Organization
	Clean Cities Origin and History
	Clean Cities Coalitions
	Clean Cities Progress
	Clean Cities Technical Support
	National Renewable Energy Laboratory
	Additional Transportation and Fuels Related Tasks at NREL
	Colorado Governor’s Biofuels Coalition
	Governor's Biofuels Coalition

	Concluding Remarks
	Some Sensible Solutions
	Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'StdWeb150'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


