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H2 at Scale Big Idea Teams/Acknowledgement 

Steering Committee:  
Bryan Pivovar (lead, NREL), Amgad Elgowainy (ANL), 

Richard Boardman (INL), Adam Weber (LBNL), Rod Borup 
(LANL), Mark Ruth (NREL), Jamie Holladay (PNNL), Chris 

Moen (SNL), Don Anton (SRNL) 

Low T 
Generation: 

Rod Borup (lead, 
LANL); Jamie 

Holladay (PNNL); 
Christopher San 

Marchi (SNL); Hector 
Colon Mercado 
(SRNL); Kevin 

Harrison (NREL); Ted 
Krause (ANL); Adam 
Weber (LBNL); David 

Wood (ORNL) 

High T 
Generation: 

Jamie Holladay 
(lead, PNNL); Jim 

O'Brien (INL); Tony 
McDaniel (SNL); Ting 
He (INL); Mike Penev 
(NREL); Bill Summers 
(SRNL); Maximilian 
Gorensek (SRNL); 
Jeffery Stevenson 

(PNNL); Mo Khaleel 
(ORNL) 

Utilization: 
Richard Boardman 

(lead, INL); Don 
Anton (SRNL); 

Amgad Elgowainy 
(ANL); Bob Hwang 

(SNL); Mark Bearden 
(PNNL); Mark Ruth 

(NREL); Colin 
McMillan (NREL); 

Ting He (INL);  
Michael Glazoff 
(INL); Art Pontau 

(SNL); Kriston Brooks 
(PNNL); Jamie 

Holladay (PNNL); 
Christopher San 

Marchi (SNL); Mary 
Biddy (NREL) ; Geo 

Richards (NETL) 
 

Storage and 
Distribution: 

Don Anton (lead, 
SRNL); Chris San 

Marchi (SNL); 
Kriston Brooks 
(PNNL); Troy 
Semelsberger 

(LANL);  
Salvador Aceves 
(LLNL); Thomas 

Gennett (NREL); Jeff 
Long (LBNL); Mark 

Allendorf (SNL); 
Mark Bowden PNNL; 

Tom Autrey PNNL  

Future 
Electric Grid: 

Charles Hanley  
(lead, SNL); Art 

Anderson (NREL); 
Bryan Hannegan  
(NREL); Chris San 

Marchi (SNL); Ross 
Guttromson (SNL); 
Michael Kintner-

Meyer (PNNL); Jamie 
Holladay (PNNL); 

Rob Hovsapian (INL) 

Foundational 
Science: 

Adam Weber (lead, 
LBNL); Voja 

Stamekovic (ANL); 
Nenad Markovic 

(ANL); Frances Houle 
(LBNL); Morris 

Bullock (PNNL); 
Aaron Appel (PNNL); 

Wendy Shaw 
(PNNL); Tom 

Jaramillo (SLAC); 
Jens Norskov (SLAC); 

Mark Hartney 
(SLAC), Vitalij 

Pecharsky (Ames); 
Alex Harris (BNL) 

 

Analysis:  
Mark Ruth (lead, 

NREL); Amgad 
Elgowainy (co-lead, 
ANL); Josh Eichman 
(NREL); Joe Cordaro 

(SRNL); Salvador 
Aceves (LLNL); Max 
Wei (LBNL); Karen 
Studarus (PNNL); 
Todd West (SNL); 

Steve Wach (SRNL); 
Richard Boardman 

(INL); David 
Tamburello (SRNL); 

Suzanne Singer 
(LLNL) 

H2 at Scale  has moved beyond 
this National Lab team to 
include DOE offices, and 
industrial/other stakeholders. 
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Large Scale Hydrogen is Well Known 

Please note, all results presented on this slide are PRELIMINARY and may be subject to corrections and/or changes. A cursory 
analysis was performed using available information and estimates of impacts due to changes to the modeled energy systems. 
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RE Grid plus battery storage Conceptual H2 at Scale Energy System*  

*Illustrative example, not comprehensive *Illustrative example, not comprehensive 

Geothermal 
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 A tipping point is reached due to increased use of low cost renewable energy 
 Curtailment will lead to an abundance of low value electrons, and we need 

solutions that will service society’s multi-sector demands 

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 

Limitations of Mismatched Load & Generation 
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Potential Industrial Users of Hydrogen 

Estimate: Richard Boardman “H2 at Scale: Enhance the U.S. energy portfolio through sustainable use of domestic resources, 
improvements in infrastructure, and increase in grid resiliency” H2 at Scale Workshop (November 16, 2016).  

 Refineries:   
 5 – 10 MM tonnes 

 Steel making:  
 3 – 6 MM tonnes 

 Biomass upgrading:  
 4 MM tonnes 

 Ammonia-based 
fertilizers:   
 5-10 MM tonnes 

 Industrial heat:  
 15 MM tonnes 

 
 TOTAL:  
 32 – 45 MM tonnes 
 
 

Source:  AISI Final Report, Dec. 2010. 
Technology Roadmap Research Program for the Steel Industry 
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Rough Estimate of Potential 2050 Penetration 

Please note, all results presented on this slide are PRELIMINARY and may be subject to corrections and/or changes. A cursory 
analysis was performed using available information and estimates of impacts due to changes to the modeled energy systems. 
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Potential Benefits of H2 at Scale 

• Reducing emissions across 
sectors (criteria pollutants, GHG)  

• Support needs of future 
electrical grid 

• Support needs of industrial 
sector 

• Energy security 
o Diversity/resiliency/domestic 

• Manufacturing competitiveness 
o Job creation 

• Decreased water requirements 
 
 
 

H2 at Scale as the 
unique potential to 
positively three key 

energy issues 

Reduced 
emissions 

Dynamic, 
variable 
systems 

Multiple 
energy 
sectors 

H2 



H2 at Scale  Update HTAC 12-06-16 9 

• Nuclear  
• Wind 
• Solar  
• Fossil 
• Grid/Utilities 
• Regulators 
• Electrolysis  
• Industrial Gas 
• Auto OEMs/supply chain 
• Fuels Production (Oil, Biomass) 
• Metals/Steel 
• Ammonia 

 

• Analysis 
• Investors 

• Nuclear  
• Wind 
• Solar  
• Fossil 
• Grid/Utilities 
• Regulators 
• Electrolysis  
• Industrial Gas 
• Auto OEMs/supply chain 
• Fuels Production (Oil, Biomass) 
• Metals/Steel 
• Ammonia 

 

• Analysis 
• Investors 

Stakeholder Engagement 

Blue: High engagement and support 
Green: Engaged with interest/support 
Orange: Limited engagement 
Black: Little engagement 
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Key Events Since Last HTAC Briefing 

HTAC Briefing 

National Lab 
Chief Research 
Officer Meetings 

DOE Program 
Office Briefing 

Big Idea Summit 

Utility Workshops 
(Colorado & 
California) 

International 
Partnership for 
the Hydrogen 
Economy meeting 

Fuel Cells 
Technology 
Office / Vehicle 
Technologies 
Office Annual 
Merit Review 

Southwest 
Regional Energy 
Innovation 
Forum 

Sustainable 
Transportation 
Summit 

FCTO Webinar 

California 
Hydrogen 
Business Council 
Fall Summit 

National Press 
Club Event  

Colorado School 
of Mines Steel 
Center Biennial 
Meeting 

Electric Power 
Research 
Institute  Power 
Delivery and 
Utilization 
Conference 

Issued Request 
for Information 

H2 at Scale 
Workshop 

Southeast 
Regional Grid 
Stakeholder 
Meeting 

Intermountain 
Energy Summit 

New Mexico 
Regional Energy 
Storage and Grid 
Integration 
Meeting 

April May June July Aug. Sept. Oct. Nov. Dec. 

National Lab 
Analysis Funding  

Power 
Electronics for 
Electrolysis and 
Fuel Cells 
Workshop 

HTAC Briefing 
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DOE Big Idea Summit 

• April 22-23 
• Highlighted by 

Secretary 
Moniz 

• Cross-office 
collaborations 
identified 
 

R&D Focus Research Activities 
DOE 

Programs 
Impact 

Ammonia 

• Modular Plants 
• Catalyst R&D 
• Process intensification 
• Ammonia Fuel Cells 

ARPA-E 
AMO 
FCTO 

FE 

Decrease cost of NH3 
production >25%  
Improve process efficiency 
Improve NH3 handling safety 

Refineries 

• Electrolysis and refinery heat 
integration 

• H2 and O2 combustion 
• Integrated coke gasification 
• NE &RE energy utilization 

FE 
FCTO 
AMO 

NE & RE 

>75% GHG footprint reduction 
Facilitate heavy crude refining 
Coke by-product management 
Expand markets for RE & NE 

Chemicals 

• Catalyst R&D for H2-
dependent chemicals 

• CO2 reduction chemistry 
• Process intensification 
• Hybrid electricity/chemicals 

ARPA-E 
AMO 

NE & RE 
FCTO 

Sustainable chemicals 
production 
Pathway to CO2 utilization 
Domestic workforce with 

competitive manufacturing 

Biofuels 

• Modular plants for distributed 
production 

• H2 (and O2) incorporation in 
bio-refineries 

BTO 
VTO 

NE & RE 
FCTO 

Increase biofuels potential 
production >30% 
100% zero-emissions biofuels 
Expand markets for local RE 

Metals & 
Glass 

Refining 

• Direct reduction of iron 
process development 

• Metals annealing/tempering 
• Materials codification 

ARPA-E 
AMO 

SC 

10x increase in U.S. steel 
production with associated 
heavy manufacturing  
>5% impact on world GHG 

Combustion 
Processes 

• Flame chemistry and heat 
transfer studies 

• Burner and turbine testing 

ARPA-E 
AMO 

FE 

Movement toward Zero-
emissions process heating 
Clean power generation 

H2 Heat 
Pumps 

• Low temperature heat use 
• Industrial and residential 

energy efficiency studies 
• Power systems integration 

ARPA-E 
AMO 

FE 

5% efficiency improvement for 
manufacturing industries 
10% efficiency improvement for 

power generation turbines 
>50% cooling water reduction 
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FCTO Seminar 

• July 28, 2016 
• Over 300 registrants – New FCTO record 
• Slide deck and presentation now available to public 

 Please take/use/recycle 
Available at http://energy.gov/eere/fuelcells/downloads/h2-scale-potential-opportunity-webinar 

http://energy.gov/eere/fuelcells/downloads/h2-scale-potential-opportunity-webinar
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H2 at Scale Workshop (November 16-17) 

About 170 attendees from DOE (10 offices!), states, industry, and academia 
 
Solicited input for roadmap 
 
Key focus areas: 
• Additional opportunities for technologies, markets, education, and 

demonstrations 
• Integration with power generation 
• Infrastructure requirements on regional, national, and global scales 
• Policy and market drivers for fuels and natural gas end uses 
• Challenges competing in commodity markets for chemical and metals Cr

ed
it:

 M
ar

k 
Ru

th
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H2@Scale Analysis Kicking Off 

• Improving fidelity of H2@Scale value 
proposition in future with high penetrations 
of variable renewable energy 

• Developing supply and demand curves and 
estimating interactions 

• Identifying regional challenges 
• Multilab effort with support from FCTO and 

DOE’s Nuclear Energy Office 
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H2 Storage and 
Distribution 

Development of  
safe, reliable, 
and economic 

storage and 
distribution 

systems. 

Low and High Temperature 
 H2 Generation 

H2 Utilization 

Development 
of low cost, 

durable, and 
intermittent H2 

generation. 

Development of 
thermally 

integrated, low 
cost, durable, 

and variable H2 
generation. 

H2 as game- 
changing energy 

carrier, 
revolutionizing 
energy sectors. 

Future Electrical Grid 

Analysis 

Foundational Science 

R&D Direction 
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Key Lessons Learned 

• Broad support across DOE  
o Multiple program offices – Bigger than transportation 

and FCTO 
o Coordination across DOE presents opportunities and 

challenges 
• Value proposition is not obvious thus a clear 

vision and unified message important 
• Long timeline presents challenges 

o Most stakeholders focus on next quarter or year 
o Only utilities have decadal viewpoint 

• Most users consider hydrogen a commodity – no 
value for emission-free hydrogen 
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Next Steps 

• H2@Scale Workshop report (Jan 2017) 
• Big Idea Summit 4 (March 2017) 

o Revisit Summit 3 for new administration  

• Draft Roadmap (Sept 2017) 
• Analysis of Value Proposition (Sept 2017) 
• Gathering additional support and input 

o What do you like? What should we change? 
o What other opportunities should we pursue? 

 
 


	H2
at Scale: Benefitting our Future Energy System
	H2 at Scale Big Idea Teams/Acknowledgement
	Large Scale Hydrogen is Well Known
	Conceptual H2 at Scale Energy System* 
	Limitations of Mismatched Load & Generation
	Potential Industrial Users of Hydrogen
	Rough Estimate of Potential 2050 Penetration
	Potential Benefits of H2 at Scale
	Stakeholder Engagement
	Key Events Since Last HTAC Briefing
	DOE Big Idea Summit
	FCTO Seminar
	H2 at Scale Workshop (November 16-17)
	H2@Scale Analysis Kicking Off
	R&D Direction
	Key Lessons Learned
	Next Steps


<<
  /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 1.7
  /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 <>
    /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.)
    /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 <>
  >>
  /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 [612.000 792.000]
>> setpagedevice


