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Overview 

• Project Type: Lab Call 
• Project start date: 1/1/17 
• FY17 planned DOE funding: $1,267K 

– NREL: $667K 
– ANL: $500K 
– LBNL: $50K 
– PNNL: $50K 
– INL: Funded by DOE’s Office of 

Nuclear Energy  

• A: Future Market Behavior 
– Potential market for low value 

energy and potential hydrogen 
markets beyond transportation 

• D: Insufficient Suite of Models 
& Tools 
– Tools integrating hydrogen as an 

energy carrier into the overall 
energy system and quantifying 
the value hydrogen provides 

• E: Unplanned Studies and 
Analysis 
– H2@Scale is a new concept and 

requires analysis of its potential 
impacts for input in prioritizing 
R&D 

 

Timeline and Budget Barriers (Systems Analysis) 

• Project lead: NREL 
• Lab partners: ANL, LBNL, PNNL, INL, LLNL 
• DOE partners: Nuclear Energy 
• Industry and academia reviewers 

Partners 
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Relevance: Conceptual H2@Scale Energy System* 

*Illustrative example, not comprehensive 
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Objective: Improve fidelity of H2@Scale value proposition  
Relevance: Analysis Objectives 

Please note, all results presented on this slide are PRELIMINARY and may be subject to corrections and/or changes. A preliminary 
analysis was performed using available information and estimates of impacts due to changes to the modeled energy systems. 

Source: Pivovar, Bryan. “H2@Scale: Deeply Decarbonizing Our Energy System HTAC Presentation” April 6, 2016. 
https://www.hydrogen.energy.gov/pdfs/htac_apr16_10_pivovar.pdf   

https://www.hydrogen.energy.gov/pdfs/htac_apr16_10_pivovar.pdf
https://www.hydrogen.energy.gov/pdfs/htac_apr16_10_pivovar.pdf
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Objective: Improve fidelity of H2@Scale value proposition  
Relevance: Analysis Objectives 

Please note, all results presented on this slide are PRELIMINARY and may be subject to corrections and/or changes. A preliminary 
analysis was performed using available information and estimates of impacts due to changes to the modeled energy systems. 

Source: Pivovar, Bryan. “H2@Scale: Deeply Decarbonizing Our Energy System HTAC Presentation” April 6, 2016. 
https://www.hydrogen.energy.gov/pdfs/htac_apr16_10_pivovar.pdf   

• Provide results that are supported by in-depth 
analysis of market potential and economics 

• Quantify potential impacts 
• Economics 
• Resources 
• Emissions 

• Identify regional opportunities and challenges 

https://www.hydrogen.energy.gov/pdfs/htac_apr16_10_pivovar.pdf
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Approach: FCTO Systems Analysis Framework 

Analysis 
Framework 

 
H2A design parameters 
GREET emissions data 
H2USA fleet evolution 
GIS analysis tools 

Models & Tools 
 

H2A 
GREET 
Fleet evolution tools 
ReEDS 

Studies & 
Analysis 

 
Demand assessment 
Resource assessment 
Grid analyses 
Curtailed electricity 

Outputs & 
Deliverables 

 
Stage gate review of 
H2@Scale concept 

and opportunity 

National Labs 
ANL – GREET, fleet 

evolution 
NREL – H2A, ReEDS 

NREL Standard 
Scenarios 

NREL, FCT Office, 
Nuclear Energy 

Office, & External 
Reviews 

H2@Scale Analysis 

• Integrates many transportation, 
industrial, and electrical sector 
analyses and tools  

• Estimate opportunities for hydrogen 
as a multi-sector integrator 
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Approach: Staged Analysis 

Technical Potential 

- Potential demand 
- Supply resources 
- Impact potential (limited) 
- Infrastructure Issues 

Economic Potential 

- H2 price requirements  
- Supply options and costs 
- Scenarios 
- Impact potential 

Additional analysis needs 

- Additional scenarios 
- Economic inertia 
- Economic externalities 
- Spatial issues 

Milestone Date 

Presentation summarizing potential demand, resources, and 
infrastructure issues 

3/31/2017 

Demand and supply curves 6/30/2017 

Stage gate review of potential for H2@Scale concept 9/30/2017 



8 

Analysis Issue / Gap Approach 

National demand estimates Identify existing studies, review 
results, and estimate demand in 
mature markets 

National resource estimates Review existing resource studies and 
hydrogen yields estimate 
requirements for hydrogen 
production 

Value proposition for producing 
hydrogen via electrolysis 

Identify drivers for and implications of 
increased opportunity for responsive 
load 

Impacts of electrolytic hydrogen on 
emissions and resource use 

Assess impacts using GREET 

Potential impacts on infrastructure Assess increased electricity load and 
identify locations where demands 
exceed potential production 

Approach: Analysis of Technical Potential 
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Accomplishment: Technical Potential for H2 Demand 
Use Market potential 

(million metric 
tonne H2 / year) 

Industrial Use 

Refineries & CPI§ 8* 

Metals 5 

Ammonia 5 

Natural Gas 7 

Biofuels 4 

Light Duty Vehicles 28 

Other Transport 3 

Total 60 

§  CPI: Chemical Processing Industry not including metals, biofuels, or ammonia 
*  Current potential used due to lack of consistent future projections 
Light duty vehicle calculation basis: 190,000,000 light-duty FCEVs from http://www.nap.edu/catalog/18264/transitions-to-alternative-vehicles-and-fuels 
1. Global hydrogen Generation Market by Merchant & Captive Type, Distributed & Centralized Generation, Application & Technology- Trends & Forecasts 
(2011-2016) 

Current U.S. market: ≈ 10 MMT/yr 
 

Global H2 production revenue:  
6% CAGR, 2009-20161 

Total market potential:  
60 MMT/yr 

http://www.nap.edu/catalog/18264/transitions-to-alternative-vehicles-and-fuels
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EIA 2015 current 
consumption  

(quads/yr) 

Required to meet demand of 
60 MMT / yr  
(quads/yr) 

Technical Potential  
(quads/yr)  

Solid Biomass  4.7  15   20  

Wind Electrolysis  0.7 9  170  

Solar Electrolysis  0.1 9  1,364  

Total demand including hydrogen is satisfied by  ≈6% of wind, 
<1% of solar, and ≈100% of biomass technical potential 

Accomplishment: Utilization of Renewable Resources 



11 

Accomplishment: Utilization of Fossil & Nuclear Resources 

Hydrogen can be produced from diverse domestic 
resources to meet aggressive growth in demand 
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Accomplishment: Potential for Use of Low-Cost Electricity 

0.0 
Capacity Factor 

Cost of Electricity 
Capital Cost 

Efficiency (LHV) 

Intermittent 
integration 

R&D  
Advances 

Intermittent low-cost electricity can enable low-cost hydrogen 
production and also support clean electricity generation 

Increased renewable electricity generation likely to 
• lead to increased curtailment and intermittent low-cost electricity 
• drive out nuclear power generation  
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Accomplishment: Potential Impacts on Emissions and Resources 

~14% of U.S. natural gas 
consumption in 2016  

~17% of U.S. petroleum consumption in 
2016 – potential savings of over $50 
billion 

~16% of U.S. energy-
related emissions in 2016 

Use MMT 
/ yr 

GHG Reduction (million 
metric ton CO2/yr) 

Petroleum Reduction 
(bbl/yr) 

NG Reduction 
(mmBtu/yr) 

Refineries 8 87 900,000 1,332,000,000  

Metals 5 78 0  365,000,000  

Ammonia 5 54 500,000 833,000,000  

Natural Gas 
System 

7 
63 700,000 923,000,000  

Biofuels§ 4 28 77,500,000 -26,000,000* 

Light Duty 
Vehicles 

28 
469 1,017,600,000 629,000,000   

Other 
Transport 

3 
50 113,400,000 51,000,000  

Total 60 830 Million MT 1.2 Billion bbl 4.1 Quads 

*Negative values represent increase in use due to fertilizer production 
§ 12% of the benefits of hydrogenated biofuels are credited to hydrogen 

Hydrogen alone has the potential to reduce emissions and fossil use by 
≈15%. The ability to enable higher penetrations of renewable energy can 
further reduce emissions and fossil use. 
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Accomplishment: Estimate of Impacts on Grid  

60B kg H2  per year X 3,300 TWh per year 

How much electricity would H2@Scale require?  

55 kWh per kilogram = 

How does that compare with our current electricity use? 

*2015 consumption. Source: EIA AEO 2016 

3,900 TWh per year* = U.S. Electricity Consumption 
Approximately 

~85% of current U.S. 
electricity demand 
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Accomplishment: Where Resources are Sufficient 
• PV and wind 

resources exceed 
industrial + 
transportation 
demand (not 
including metals) in 
counties colored 
blue 

• Industrial + 
transportation 
demand is greater 
than resources only 
in counties colored 
red 

• Nuclear production 
could provide the 
necessary additional 
generation 

Most counties have sufficient renewable resources. Those that do 
not have renewable or nuclear resources nearby. 
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Remaining Challenges and Barriers 

• Economic potential of H2@Scale is not known 
• Impacts on economics, resources, and emissions at potential 

market sizes are not known with high fidelity 
• Barriers to market entry and growth are poorly characterized 
• Regional and spatial issues have not been identified 

 

Technical Potential 

- Potential demand 
- Supply resources 
- Impact potential (limited) 
- Infrastructure Issues 

Economic Potential 

- H2 price requirements  
- Supply options and costs 
- Scenarios 
- Impact potential 

Additional analysis needs 

- Additional scenarios 
- Economic inertia 
- Economic externalities 
- Spatial issues 
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Proposed Future Work: Price Requirements & Supply Options 

Production cost estimates 
• Steam methane reforming (SMR) 
• Nuclear generation 
• Otherwise curtailed electricity 

with high penetrations of variable 
renewable generators on the grid 

Price requirements and 
demand curves 

• Bottom-up demand estimates 
• Technical, inertia, and resource 

constraints 
• Includes demand aggregation to 

avoid double counting 

Curves on this slide are illustrative and are not based on analysis. Development of supply and demand curves is proposed. 
Any proposed future work is subject to change based on funding levels 

Illustration 

Illustration 
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Proposed Future Work: Scenario Generation & Impact Analysis 

• Supply and demand curves will be used to develop several scenarios 
• Crossover point identifies scenario’s market size and hydrogen prices 

• For each scenario, economic impacts (including jobs), resource use, and 
emissions will be estimated using tools developed for other analyses 
• Benefits provided by supporting the grid will be included 

Curves on this slide are illustrative and should only be used for those purposes. 

Any proposed future work is subject to change based on funding levels 

Illustration 
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Proposed Future Work: Stage Gate Review 

Present 
• Analysis results to external experts 
• Draft roadmap 

Review 
• Analysis results and implications 
• Plans in roadmap 

Identify & Prioritize 
• Future directions and needs for analysis and R&D 

Plan 
• Additional analysis efforts possibly including additional 

scenarios, economic inertia, economic externalities, spatial 
issues 

Review by External Experts Planned for September 2017 

Any proposed future work is subject to change based on funding levels 
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Collaborator Role 

NREL Lead; production cost estimates, supply-demand scenarios, impact 
assessments 

ANL Deputy lead; hydrogen demand analysis, emission and water use impact 
analysis 

LBNL Support scenario development; identify barriers to H2@Scale 
implementation including supply chain issues 

PNNL Support scenario development; identify barriers to H2@Scale 
implementation including supply chain issues 

INL Funded by DOE’s Office of Nuclear Energy. Analyze potential hydrogen use 
for metals industry; identify opportunities to use nuclear energy 

LLNL Develop visualizations including Sankey diagrams 

DOE’s Office of 
Nuclear Energy 

Identify opportunities to use nuclear energy 

Industry Providing input on scenarios, production opportunities, and alternative H2 
uses through workshops and advisory committees. 

Collaborations 

This project involves multiple labs performing analysis and industry 
providing insights and feedback. 
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• Industry is involved in workshops and reviews 
especially the Stage Gate review 

• Opportunities to develop scenarios that are 
interesting to industry will be investigated 

Technology Transfer Activities 
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This project began in January 2017, hence it was not 
reviewed previously 

Responses to Last Year’s Reviewer Comments 
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• Technical potential demand =  
60 MMT / yr  

• Domestic resources are sufficient 
• Using renewable electrolytic 

hydrogen would reduce emissions 
and fossil use by ≈15%  

• Further reductions are likely when 
considering grid impacts 

• Economic potential will be 
analyzed 

• Future work includes barriers to 
market entry, regional and spatial 
issues, and economic feedback 
effects 

Summary 

H2 
@Scale: 

Energy system-wide 
benefits of increased 
H2 implementation 

  



Technical Back-Up Slides 
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• AEO – Annual Energy Outlook 
• ANL – Argonne National Laboratory 
• Btu – British Thermal Unit 
• bbl - barrel 
• CAGR – Compound Annual Growth Rate 
• CO2 – Carbon Dioxide 
• CPI – Chemical Processing Industry 
• DOE – Department of Energy 
• EIA – Energy Information Agency 
• FCEV – Fuel Cell Electric Vehicle 
• FCT – Fuel Cell Technologies 
• FY – Fiscal year 
• GIS – Geographic Information System 
• GREET - Greenhouse gases, Regulated Emissions, and 

Energy use in Transportation 
• H2 – Hydrogen 
• H2A – Hydrogen Analysis 
• HTAC – Hydrogen Technical Advisory Committee 
• INL – Idaho National Laboratory 
• kg - kilogram 
• kW – kilowatt 
• kWh – kilowatt hour 
• LBNL – Lawrence Berkeley National Laboratory 

 
 

Acronyms 

• LHV – Lower Heating Value 
• LLNL – Lawrence Livermore National 

Laboratory 
• Marg. – On the margin 
• Mi - mile 
• mmBtu – million British thermal units 
• MMT – million metric tonne 
• NH3 - Ammonia 
• NREL – National Renewable Energy Laboratory 
• O&M – Operating and Maintenance 
• PNNL – Pacific Northwest National Laboratory 
• PV – Photovoltaic 
• Quad – Quadrillion Btu 
• R&D – Research and Development 
• RE – Renewable Energy 
• ReEDS - Regional Energy Deployment System 
• RPS – Renewable Portfolio Standard 
• SMR – Steam Methane Reforming 
• TWh – terawatt hour 
• U.S. – United States 
• yr - year 

 
 



26 

• Theoretical Potential 
o Total use or production based on changes in technology 

utilization (e.g., travel patterns changed to light duty 
vehicles exclusively) and assuming all land is available for 
production. Theoretical potential is not reported in this 
presentation. 

• Technical Potential 
o Subset of theoretical potential. Potential market or 

resource size with respect to constraints including current 
market size and land use issues. 

• Economic Potential 
o Subset of technical potential. Includes screens based on 

price points to compete in markets, cost of hydrogen 
generation, and energy transmission costs. 

Definition of Technical and Economic Potential 

Definitions adapted from Milbrandt, Anelia. “A Geographic Perspective on the Current Biomass Resource Availability in the 
United States” December 2005. http://www.nrel.gov/docs/fy06osti/39181.pdf  

http://www.nrel.gov/docs/fy06osti/39181.pdf
http://www.nrel.gov/docs/fy06osti/39181.pdf
http://www.nrel.gov/docs/fy06osti/39181.pdf


27 

RPSs are Popular and Drive Increased Curtailment and Price Volatility 

WA: 15% x 2020*  

OR: 50%x 2040*  
(large utilities) 

CA: 50%  
x 2030 

MT: 15% x 2015 

NV: 25% x 
 2025* UT: 20% x 

2025*† 
 
 

AZ: 15% x 
2025* 

ND: 10% x 2015 

NM: 20%x 2020 
(IOUs) 

HI: 100% x 2045 

CO: 30% x 2020 
(IOUs) *† 

 

OK: 15% x 
2015 

MN:26.5%  
x 2025 (IOUs) 

31.5% x 2020 (Xcel) 
 MI: 10% x 

2015*† 
 

WI: 10% 
2015 

MO:15% x 
2021  

IA: 105 MW IN: 
10% x 
2025† 

 

IL: 25% 
x 2026 

OH: 12.5% 
x 2026 

NC: 12.5% x 2021 (IOUs) 

VA: 15% 
x 2025† 

 

KS: 20% x 2020 

ME: 40% x 2017 

29 States + Washington 
DC + 3 territories have a 
Renewable Portfolio 
Standard as of August 2016 
(8 states and 1 territories have 
renewable portfolio goals) 

Renewable portfolio standard 

Renewable portfolio goal Includes non-renewable alternative resources * Extra credit for solar or customer-sited renewables 
† 

U.S. Territories 

DC 

TX: 5,880 MW x 2015* 

SD: 10% x 2015 

 

SC: 2% 2021 

NMI: 20% x 2016 

PR: 20% x 2035 

Guam: 25% x 2035 

USVI: 30% x 2025 

NH: 24.8%x 2025 
VT: 75% x 2032 
MA: 15% x 2020(new resources)  
6.03% x 2016 (existing resources) 

RI: 38.5% x 2035 
CT: 27% x 2020 

NY:50% x 2030 

PA: 18% x 2021† 
 

NJ: 20.38% RE x 2020  
+ 4.1% solar by 2027 

DE: 25% x 2026* 
MD: 20% x 2022 
DC: 20% x 2020 

Source: www.dsireusa.org 
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As penetrations of solar PV increase, curtailment increases, 
reducing the value proposition for solar PV. Increased grid 
flexibility helps but does not solve issues. 

High Variable Renewable Penetration Can Result in Curtailment 

Source: Denholm, P.; M. O'Connell; G. Brinkman; J. Jorgenson (2015) Overgeneration from Solar Energy in California: A Field Guide 
to the Duck Chart. NREL/TP-6A20-65023 
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Impact Estimate Tools 

• Renewable (RE) and nuclear 
use offsets fossil fuel use 
leading to environmental 
benefits such as a reduction in 
air and water pollution and 
GHG emissions.  

• Also monetary impacts such as 
the potential economic savings 
for companies and consumers 
and stimulation of  job growth 

• Overall, with existing RPS and 
high RE targets, benefits of 
investing in renewables 
exceeds the costs 

 
A Prospective Analysis of the Costs, Benefits, and Impacts of U.S. Renewable Portfolio 
Standards 
NREL/TP-6A20-67455  http://www.nrel.gov/docs/fy17osti/67455.pdf 

Impact estimates will utilize tools developed for other analyses including 
those used to develop this Renewable Portfolio Standard Analysis 

http://www.nrel.gov/docs/fy17osti/67455.pdf
http://www.nrel.gov/docs/fy17osti/67455.pdf
http://www.nrel.gov/docs/fy17osti/67455.pdf
http://www.nrel.gov/docs/fy17osti/67455.pdf

	H2@Scale Analysis�Hydrogen and Fuel Cells AMR and Peer Evaluation Meeting
	Overview
	Relevance: Conceptual H2@Scale Energy System*
	Relevance: Analysis Objectives
	Relevance: Analysis Objectives
	Approach: FCTO Systems Analysis Framework
	Approach: Staged Analysis
	Approach: Analysis of Technical Potential
	Accomplishment: Technical Potential for H2 Demand
	Accomplishment: Utilization of Renewable Resources
	Accomplishment: Utilization of Fossil & Nuclear Resources
	Accomplishment: Potential for Use of Low-Cost Electricity
	Accomplishment: Potential Impacts on Emissions and Resources
	Accomplishment: Estimate of Impacts on Grid 
	Accomplishment: Where Resources are Sufficient
	Remaining Challenges and Barriers
	Proposed Future Work: Price Requirements & Supply Options
	Proposed Future Work: Scenario Generation & Impact Analysis
	Proposed Future Work: Stage Gate Review
	Collaborations
	Technology Transfer Activities
	Responses to Last Year’s Reviewer Comments
	Summary
	Technical Back-Up Slides
	Acronyms
	Definition of Technical and Economic Potential
	RPSs are Popular and Drive Increased Curtailment and Price Volatility
	High Variable Renewable Penetration Can Result in Curtailment
	Impact Estimate Tools


<<

  /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 1.50000

  /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 1.50000

  /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 1200

  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (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 false

      /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 [720.000 540.000]

>> setpagedevice



