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Moir6 interferometry is used to show the Y or tensile axis displacementfields for a
defective 304 stainless steel/pure nickel filler metal weldment. The moir6 pattern
gives the quantitative displa_:ementfield for the weld defect region that forms at the
filler/base boundaiy due to lack of fusion of the nickel filler_-,.,..metalto the 304 SSdetermLrlethe
base metal. The displacement patterns can be used to qmcr,_y

codes
severity of the defect and to assess the validity of many computer vreu_,,,ns
failure of a structure. Field portable systems have been developed and used with
success.



New Tools and Facilities at the DOE
Laboratories Offer Superb Opportunities
for the Petroleum Industry in Catalysis

• X-ray synchrotrons for basic catalysis studies

• Computer aided molecular design

• Theoretical analysis of catalytic performance,
development of synthetic pillared clays,
molecular sieve synthesis

• Scanning Tunneling Microscopy to determine
heterogenous catalyst morphology



An example of technologies that exist at the national laboratories that may be ol
interest to the refinery industry include techniques and facilities that can be applied
in support of the refinery development of catalysts. These include:

User facilities such as X-ray synchrotrons that can be used for basic catalyst
studies. Such devices can allow very fine grained analysis of the catalytic process,
including the direct observation of catalytic activity on the surface of the catalyst

-,_whi.l_the reaction is taking place.

The !aboratories are heavily involved in computer aided molecular design that can
be used "try out" different molecular configurations in support of catalyst
development.

Other activities include the development of synthetic pillared clays that can eider
have catalytic activity, or can serve as molecular traps, synthesis of molecular
sieves, and the theoretical analysis of catalysis performance.

Scanning tunneling microscopy has also been used to study the morphology of
heterogeneous catalysts.



Petroleum Chemical, and Catalyst Companies
Have Formed a Collaborative Access Team

(CAT) on the Advanced Photon Source

, I



This is an artist's conception of the Advanced Photon Source, which is being
constructedby the Department of Energy. This user facility has a diameter greater
thanthe height of the Scar'sTower, and will produceX-ray beams thatare 10,C_3

_e hrlcrhtpr than any existin_ source. These intense X-ray beams.may be used

s_udi'es'oTpo-iy'men-'zation,catalysis, and other materials studi.esof interest to the
refining industry. A collaborauve Access Te.am (CAT) eomp.nsed of petroleum,
chemical, and catalyst compames wall be setting up a beam hne during 1994 for
early access to the X-rays when the facility begins operation in 1995.
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An X-Ray
Synchrotron
Light-SourceCan
Be Usedto Measure
Distribution of
Metals in a
Catalyst Particle



This is an example of the use of an X-ray synchrotron light-source to study the
distribution of metals in a catalyst particle. The particle is 90 micrometers in
diameter, and the resolution is at ',,helevel of 5 micrometers. The dark (black) areas
on the surface represent the presence of Nickel and Vanadium deposits.



Molecular Modeling on the Computer Has
Allowed the Design of Molecules Having Specific
Properties that Facilitate Catalytic Activity



Molecular modeling on high speed computers can be used to allow the design of
specialized molecules. This photo shows different configurations, including some
that have been designed to form a "pocket" to help facilitate catalytic activity.



Scanning Tunneling Microscopes are Used to
Reveal Heterogeneous Catalyst Morphology



This is a photomicrograph of a catalyst surface, taken using a Scanning Tunneling
Microscope to measure the morphology of a heterogeneous catalyst particle. The
area scanned measures 300 nanometers on a side.



Advanced SensorTechnologies
Being Developed Can Assist in
Environmental and Process Control

• Thick-filmcermet sensorsfor gas analysis in
hostile environments

• Surface AcousticWave Sensors

• Microwaveand millimeterwavespectrometry
for remotegas sensing

• Mini/micromass spectrometersfor on-line
gas sensing

• Ultrasonicvelocity and viscosity measurements



The laboratories have considerable work in progress on the development of new
sensor and instrumentation technologies. These include thick film cermet sensors
that can be used in hostile environments, surface acoustic wave sensors that can
selectively detect VOC's, millimeter and microwave spectrometry suitable for
remote gas sensing, micro mass spectrometers that can be used for on-line gas
sensing (a version is of interest for onboard monitoring of automobile exhaust),
and ultrasonic velocity and viscosity measurement devices that are non invasive to
the piping system.



A PortableAcousticWave Sensor
is Being Commericalized for On-line
VOC Emissions Measurements



This is a photo of a portable acoustic wave sensor that is being commcrcializexl for
on-line measurements of VOC emissions.



Thick Film Cermet Sensors Can Distinguish
Multiple Gases in Hostile Environments



This is a photo of a thic.k film cermet sensor being developed by the laboratories.
The sensor is compared in size to a nickel, and contains a heating array, sensing
elements, and reference electrodes in a solid state ceramic configuration that allows
operation at temperaturesof up to 300 °12.



A CRADA to Assess Air Toxic Emissions,
Understand Their Origin, Fate, and Mechanisms of
Formation and Destruction is Being Negotiated With

I
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Six oil refinery companies are currently negotiating a CRADA to assess air toxic
emissions, understand their origin, fate, and mechanisms of formation and
destruction with some DOE national laboratories. This activity stems from a long
term ongoing effort to better understand combustion processes at the national
laboratories.



DOE Laboratories Have Developed Enormous
Computer Modeling Capabilities for Complex
Problems Applicable to Refinery Problems

• Reactiveflows in engines,burners,etc.

• CVD processes

• Sprays and particulates

• Porous media flow- subsurfacecontaminants

• Flowsover and through catalysts

• Processreactors

• 3D fluidized-bed reactors



The laboratories have developed considerable computer facilities and expertise for
modeling complex problems applicable to refineries. These include reactive flows
in engines and burners, CVD processes, the modeling of sprays and particulates,
porous media flow -- particularly of subsurface contaminants, the flow over and
through catalysts, modeling of process reactors, and the modeling of erosion and
corrosion of fluidized bed reactors. The next several slides will provide a few
examples.



The DOE Laboratories Have Unparalleled
Facilities and Staff for Advanced Computations



This is a photo of 5 parallel computers that are representative of the facilities that the
laboratories can bring to bear on massive computational problems



Computer Models of an Industrial Burner Assists
in the Design of an "Ultra Low NO_" Burner
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This is a computergeneratedmodel of a flame in a burner.By modelingtheflame
temperatures,engineerscan modify the design of theburnerto achieve lower NOx
performance. Similar modelingefforts can help design combustionprocesses to
limit the amountof particulates,etc.



Validated Models of
Fluidized Bed Reactors

: Allow Determination of
Erosion, Corrosion,
and Efficacy of Fluidized
Catalytic Reactors



This is a computergeneratedflow mapof a fluidizedbed withheatexchangertubes
in place. The model predictsvariationsof the densityof solids, the velocity and
density of gases, and the particles motion. This model was used to study the
erosionof heattransfersurface_in fluidizedbedcombustors.



Separation Sciences.Developedfor DOE
Purposescan be UtilnzednnRefnneryProcesses

• Advancedorganicandinorganicmembranes

• High gradientmagneticseparation __

• Open gradient magneticseparation

• Ion-exchangefor metals removal

• Electrochemicalrecoveryof metals from
spent catalysts

• Electrodialysisfor desalting,purification,
and concentration

• Emulsionphase contactors

• Liquid-liquidextraction

- G



The laboratories have developed skills, facilities, and expertise in the area of
separations for DOE _roblems that can be used for refinery processes. These
include:

Membranes, both organic and inorganic, magnetic separation facilities (both high
_,rzdientand onen _radient techniques), ion-exchange for metal removal (discus_d
e°_lier),electroc_he_nical recoveryof metals from spent catalysts, electrodlalysls for
desalting, purification and concentration of organics and salts, emulsion phase
contactors that utilize electrical charge to disperse and coalesce organics in aqueous
media for intimate contact, and liquid-liquid extraction capabilities (discussed
earlier).

° °



High Gradient Magnetic Separation (HGMS) Removes
Paramagnetic Contaminants from a Liquid Slurry

Contaminated Feed

Superconducting
Magnet

MagneticMatrix

PurifiedOutput



High Gradient Magnetic Separation(HGMS)uses a matrix of magnetic material
(such as steel wool) in the flow system, surroundedby a magnetic coil. When the
coil is energized, magnetic particles contained in a liquid slurry are attracted to the
matrix material, and removed from the slurry. Periodically, the flow is reversed
and the magnetic field is turned off to flush the trapped impuritiesfrom the matrix.

This type of magneticseparation is particularlysuitedfor removing magneticfines
from liquid suspended slurries.



Open Gradient Magnetic Separation (OGMS)
Can Separate Ac',tiveand Inactive Fluid
Cat-Cracking Cataljsts
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Open Gradient Magnetic Separation (.OGMS) utili.zesa conunuous pr .ess, m
,,,h_,.h _ a,-v nnwdcr containin_ materials of diffenng magncuc propcrucs arc

d"ro;p'edthr"ourg_ an open bore. _A super conducting quadrap.olcmagnet creates a
very steep gradient across _e bore, _d para-.magncucmaterials arc moved to the
outer circumference, and diamagnetic.materials move towards the center of the
bore. This apparatuslends _tsclfto conunuous operauon, and the potenual for using
multiple stages in a separationprocess.

_, ._ i,.o Jo



Inorganic PolymerMembranesBased
on PolyphosphazenesCan Function
in Harsh Environments



This photograph displays a bench scale membraneseparationsystem that has been
used to develop polymer membrane systems designed to operate in harsh
environments. Work is in progress under a CRADA to develop bench and ?
commercial scale systems based upon a family of inorganic polymers called

polyphosphazenes. An integrated capability is in place for the synthesis, casting,
and testing (gases and liquids). These membranes look particularly attractive in the
area of halocarbon from water separations and other membranes are available for
SOx and other acid gas separations.



DOE Laboratories Have Process
Development Capabilities That
Can Augment Refinery Expertise

Hydrogen Production

Petroleum Demetalization

Resid Hydroprocessing

Oxygenate Production

DistillateHydrotreating/Processing

PetroleumCoke Desulfurization

CatalyticReforming

Hydrocracking

Distillation

ResidPartialOxidation

CatalyticCracking

Level of Effort
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This chart shows the relative levels of laboratorycapabilities fur direct support in
process technologies that are of interest to the refinery industry. The longest bar
(Hydrogen production)represents - 110man-years of effort over the past 5 years.

In this category, the laboratorieshave only recently begunefforts in such areasas
resid hydroprocessing, etc. but have some approachesand techniques that can
support the refineryindustry in their efforts to improveprocesses.



DOE LaboratoriesHave Process
DevelopmentCapabilitiesThat
Can Augment Refiner,/Expertise

• Hydrogen productionand management

• Thermodynamic measurements in support
of the oil industry

• Engine and fuel testing facilities

• Oxygenate production

III
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In hydrogen production, one of the p_ cur_.ntly u.ndcr,dev¢!opme_ntwi_h
..,,-,_ ..... ..k:.. _ the s,,littino of H2Smto tt2 aria_, so matme nyorogcn._
LJUJ_ _ll_4jl_ill].l JtO V D . _ _ _ . ....... .k

recycled in the plant, and not be d_arded as waste wateras ts currentpra_uc_waua
theClaus-SCOTTprocess.

The laboratoriesalso have extensive capabilitiesfor makingverycarefulandfully
supportedthermodynamicmeasurementsin supportof the oil industry.

Othercapabilitiesincludecompleteengineandfuel testingfacifities,ande_ in
the productionof oxygenatefuels, particularlyalcohols.



A Vortex Fast Pyrolysis Reactor Has
Been Developed to Convert Materials
to Chemical Components for Synthesis
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• " t P rol sis Reactor, which was developed specifically .toThis is a Vortex Fas y y . .
convert bulky, solid particulatematen.al,such as blomass or so.ridwaste, m[o
- • ' ........ "- _*-rsvnthe_. This reactoruses externalheating(ratherth.an

cne.mlcaicoml_¢_ _, .T_., . . • • •
arualcombustion),andac_eves extremelyhighheatm.gratesbym_tmg thesohd
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apphcauons,this reactorconcept may be useful for otherhigh sohds operauonsm
refinerysettings.
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Thermodynamics Laboratories in the DOE System
Provide a Resource to the Petroleum Industw

• Thermochemistry measurements

• Adiabatic calorimetry

• Combustioncalorimetry

• Vapor pressure measurements

• Densities

° Spectroscopic measurements
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Testing Provides Support to the Petroleum
Industry on the Performance of Fuels in Engines

• Emissions

• Alternative fuels

• Fuel-engine interactions (auto-oil)

• Engine durability, surface layer activation
for ori-line engine wear measurements

• Additives (deposit, valve seat sticking
and recession)



i

Testing capabilities at the laboratoriesincludesextensive emissions testing expertise
and facilities, the use of alternative fuels (some of the largest alternative fuel fleets
are operated by the laboratories for testing purposes),and fuel-engine interactions.

A unique surface layer activation technique for measuring engine durability in
hours rather than days of testing has been developed by one of the labs. Other
expertise includes the development of additives for inhibiting deposits, valve seat
sticking,etc.



The Following Laboratories Contributed
to the Information In This Presentation

Argonne National Laboratory Los Alamos National Laboratory

BDM-Oklahoma National Renewable Energy Laboratory

Brookhaven National Laboratory Oak Ridge National Laboratory

Idaho National Engineering Laboratory Pacific Northwest Laboratory

Lawrence Berkeley Laboratory Sandia National Laboratory

Lawrence Livermore National Laboratory

Further information on DOE capabilities may be obtained from:

Daniel Wiley
Office of Industrial Technology

Energy Efficiency and Renewable Energy

Department of Energy
FAX 202-586-3180

FAX 202-586-7114 (altemate)



APPENDIX A

ONGOING RELEVANT R&D

AT

NATIONAL LABORATORIES



ARGONNE NATIONAL LABORATORY
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CRADAS

CRADA TOPIC ]_DUSTRIAL PARTNER(S)

• Fouling Mitigation in Processing of CHEVRON
Residuum and Heavy Oil HTRI

• Cemndc Memtrane Development AMOCO CHEMICAL

• Methane Catalyst AMOCO

• On-Line Process Controls AMOC_

• Conversion of spent catalyst to MILES, INC.
marketable products

• Improved Resid Upgrading AMOCO

• Fluidized Bed Upgrading of Heavy CALIFORNIA SYNFUELS
Oils and Residual Oils

• Hydrogen Sulfide Waste Treatment UOP
Using Plasma Chemical Technology

• Microwave Technology Evaluation WAVEMAT

DOE (GOVERNMENT) FUNDED R&D

• Membrane Assisted Solvent Extraction_embrane Assisted Distillation Stripping for

Reraoval/Concentrations of VOC's

• Conversion of Catalyst Containing Non-Toxic Metals to Useful Products

• Vitrification of Spent Catalysts Containing Toxic Materials

• Development of Thick Cermet Film Multiple Gas Sensors for Measuring/Distinguishing

Trace Concentrations of Different Gases

• Development of a Mini/micro Mass Spectrometer for Trace Gas Detection

• Passive and Active Microwave Spectrometry for Detection of Trace Gases from Remote
Locations

• Development of Bi-functional Catalysts

• Development of Models to predict propertiesof Molecular Sieves

• Oxidation Coupling of Methane to Methanol



ARGONNE NATIONAL LABORATORY (cont'd)I [ [ II Ill Ill Illl III[ Illl Illllll I I I I I I IIIlll I I II Illl II'll I I I

DOE (GOVERNMENT1 FUNDED R&D (CONT'D)

• Membranes for Pervatxraflon Applications

• Heat Integration of Distillation

• Stn_tured Packings for Distillation

• Development of Complexing Agents for Removal of Heavy Metals from Waste Waters

• Solvent Extraction Processes for Removal of Inorganic Components from Aqueous

Streams

• Two-Phase Flow and Heat Transfer Enhancement in Compact Heat Exchangers

• Fouling and Biocorrosion

• Development of Computer Codes for Predicting Hydrodynamics and Erosion in

Fluidizod Bed Systems

• Development of Computer Models for Predicting the Hydrodynamics and Pollutant

Formation in Reacting Flow Systems

• Advanced Mass Spectrographic Methods for Characterizationof Resids and Related
Fossil Materials

• Magnetically Assisted Removal of Soluble Contaminants From Liquid Steams

• Recovery of H2 and Sulfur from H2S Waste



BROOKHAVEN NATIONAL LABORATORY
I III III IIIII Ill IIII II III I I H I I]I[H ][ II q Ill i

CRADAS

CRADA TOPIC INDUSTRIAL PARTNER(S)

• Low T_ Liquid Phase AMOCO
Catalytic Synthesis of Methanol from
Synthesis Gas

• Biochemical Production of EER LABS
Adsorbents from Fossil Fuel Wastes

DOE (GOVERNMENT) FUNDED R&D

• Biochemical Production of Surfactants from Low Grade Oils, Residuum, and Oil
Wastes

• Biochemical Upgrading of Heavy Crude Oils and Residuum

• Application of Multitracer Technology to Petroleum Reservoir Studies

• Effects of Selected Thermophilic Microorganisms on Crude Oils at Elevated
Temperatures and Pressures

• Liquid Phase Catalytic Synthesis of Higher Oxygenates form Synthesis Gas

• Adsorbent/Natural Gas Vehicle Storage Systems

• Hydrogen Storage on Carbon Adsorbents

• Mechanisms of Metal-Environment Interactions

• Combustion Kinetics and Reaction Pathways

• Fischer-Tropsch Synthesis with Fine Particle Catalysts

• Structme and Reactivity in Catalysis and Advanced Materials

• Hazardous Waste Management Disposal Operations

• Chemical Consequence Analysis

• In-sire Containment and Stabilization of Buried Waste

• Polymer Solidification

• Polyethylene Encapsulation of Single Shell Tank Waste and Ion Exchange Resin
Wastes



BROOKHAVEN NATIONAL LABORATORY
cont'd

• MicroparticleAnalysis byLaserSpecuroscopy

• ContinentalandOceanicFateof Energy-RelatndAirPollutanm

• Aerosol ChemistryandDynamics

• AunosphericTracerandInsmm_tation Development

• AtmosphericOrganicChemistry:Investigationof PrimaryandSecondarySpecies

• CO2MitigationTechnologies

• Citrate Exuactionof HeavyMetals

• Biodegradationof SelectedOrganicCompoundsandComplexingagentsof Radio-
nuclidesandMetals

• BiochemicalandMolecularApproachestoTreatmentand SmbiliT__onof Radionuclides
andToxic Metals in Wastes

• ProducedWaterRisk Assessment



IDAHO NATIONAL ENGINEERING
LABORATORY

|11111II [I II IIIII II I IIIIII I I I[llll 11 I 1 [ [ 1111I][111[11111Jlllll III I1[ I IJ IIIII II111111111 "

CRADAS

CRADATOPIC INDUSTRIALPARTNER(S)

• PlasmaUpgradingof HeavyOil and PHILLIPS
Residuum

• MicrobiallyEnhancedOil Recovery PHILLIPS
andBiotechnologyfor Oil Field
Opeo

• AerobicBiofilm for Hydmcadxm EG&GROTRON
VaporTreanr,ent

• PolyphosphazeneMembranesf_ UNIONCARBIDE
SeparationsUnderHarshCondiuons

• AutomaticCon_t Sample ABC LABORATORIES
Analysis (withLos Alamos,et. al)

• PolyphosphazeneMembranesfor ELFALT_
HydrocarbonSeparations

• PolyphosphazeneMembranesfor MEDIAPROCESS
SeparationsUnderHarshConditions TECHNOLOGIES

INDUSTRY SPONSERED RESEARCH

TOPIC INDUSTRIALSPONSOR(S_

• NaturallyOccurringRadioactive API, GRI
Materialsin Oil andGas Industry
Equipment

DOE (GOVERNMENT) FUNDED R&D

• EnvironmentalModeling,Monitoring,andAssessmentsof ContaminatedSites

• Sulm'criticalWaterOxidationof Toxic Materials
• BioremediationandTreatmentof Soils, WasteWaterStreams,Volatile Organics



IDAHO NATIONAL ENGINEERING

• Chemical Treamzentof Conmntnamd Waste Water S_ andSludges

• PlasmaConversionof Fossil Fuels toHi_ Value Products

• PolyphmphazeMembraneDevelopmentforIndustrialSeparationProcesses

• HydrogenationCatalystsfor Tw,atmentof Emissims, FeedstockConversion
• ThreeDimensional,MuldphaseMulti_nent _-Hydraul/c Expeflmentsand

Development
• HumanFactorsPerformanceRelatedto IndustrialProcesses,Accidents, Spills

• Risk Assessmentof complex IndustrialProcesses

• lndusu'ialPlantLife ExtensionandIntegrityEvaluations

• RoboticSensing andStwveiHanceSystems

• IntelligentProcessSensingandcontrolforIndustrialPlantApplications



LAWRENCE BERKELEY LABORATORY
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DOE (GOVERNMENT) FUNDED R&D

• Double _ $oUd.SuB MR for StudyingCa_ysis
i

• Addidve Effects of $¢_ubb_ Cnm_su_

• Tuflm_t Combustion

• CombustionChmnism/

• Ck,udOpe

• Ae_l _u'y

• Health_fe_,s of Toxic Substances

• Enm'gyEfficient, Low-NOxand -COBurnm'sfor Residential,Small Industrial,and
_al Gas Appliances

• ImprovedT_hniqucs for SedimentToxicity

• VOCContamination. SteamFlood RestorationModeling

• NAPL - Multi-phase,Multi-componentModeling

• LabStudiesof MicrobiologyTransformationof PetroleumHydrocarbonin Transient
SubsurfaceEnvironn_nt



LAWRENCE LIVERMORE NATIONAL
LABORATORY

CRADAS

, CRADA TOPIC _DUSTItlAL PARTNER_S_

• New Approachesto Automotive CUMMINSENGINE,
CombustionSystems and Controlof GENERALMOTORS
NOx __._on

• TheOriginandFateof Toxic CHEVRON,MOBIL,ARCO,
CombustionBy--Productsin AMOCO,TEXACO,UNOCAL,
Re_ery ProcessHeaters: Research GAS RESEARCHINSTITU'IE
toEnableEfficientCompliaw_ with
theCleznAirAct

• Application of High P.e_f_ GENERALMOTORS,FORD
ComputingtoAutomotiveDesign CHRYSLF_.R
andManufacturing

• Removalof Metals fromHeavy PHILLIPS"
CrudeOilsusing LiquidExchange
Reactions

• Biomimedc Caudym for the AMC_X)
Conversionof Methaneto Methanol

• Hot Recycled Solid Processingof AMOCO,CHEVRON-CON_
OilShale

• Reductionof NitrogenOxide GENERALMOTORS,FORD,
EmissionforLean BurnEngine CHRYSLER
Technology

• LanfinatedMetalComposites ROHR, SUTEK,PRATT &
WHITNEY,ALCOA

• Aluminum-AerogelMetalMatrix GENERALMOTORS
Composites

• SupcrplasticFormingof Stainless AC ROCHESTER,ARMCO
SteelAutomotiveComponents

DOE (GOVERNMENT) FUNDED R&D

• Chemical KineticModelingof Hyd_cr.arbonOxidation



LAWRENCE LIVERMORE NAONAL

• Developnumtof NtmmdcalModels forPredictionof OclmwandCe_ Ratingsof Fuel
Mixtm_ andAdditives

• DevelopmentofC.cmputerModelsforPredicting the Hydrod_m_s andPolluumt
Formationin ReactingFlow Systems

• ModelingSubsurfaceflow andChemicalMigrationof GromuiwaterContanfinantsin
Pmeus Media

• Uitri_umic,Digital Radiographyandinfnued Imagingfor Nm._ve Evaluation

• CombustionModels to PredictPerfonnm_eandEmissionsClumtcteflsticsof
RefcmnulatedGasoline

• CatalystsfromPlatiman- MetalOxideAerogels

• DetectionSystems to Measm_Ultra-traceConcentrationsof Metalsin Fuel Oilsand
WasteWaters

• Fully IntegratedPyrolysisProcessingUnit ._.StudyResiduumUpgrading,
Copmcessing (Plastics,Biomus, Coal, Solid Waste),and MetalsRemoval

• ChemicalRescfionKineticModelingfor OptimizingProcessPerformance

• MunicipalSolid Wste to Hydrogen

• LaboratoryTest Facilityfor AqueousPyrolysisof HeavyOil

• Labo_tory-Scaleto Full-ScalePilotPlantfor SolidsCirculationCombustionfor High
SulfurandNmogen Fuels

• Dual.band_ ImagingtoDetectCorrosion,ThinningandDelaminationsin
RefineryPipelinesandRelatedEquipment

• Modelingof GranularSolids andSlurryFlow

• X-rayTomo_aphic Microscopyof Crack-ResistantComposites

• Matrix-AssistedLaserDesorption/lonizationMassSpectrometryfor ComplexMixture
Analysis

• _lectric QuantumWell MaterialsforWasteHeatRecovery

• Electrochemical,Solid Oxide, andSmartStructureCorrosionandProcess Sensors

• PorousCarbonsandAerogels: ControllingStructure,CompositionandPerfornumce
for Gas Adsorption,EnergyStorageandInsulation

• VaporDepositionof Multi-layersandCoatingsfor Corrosion,AbrasionandThermal
Barriers



LAWRENCE LIVERMORE NATIONAL
LABORATORY (cont'd)IIIIIHIIIIIIII1_1111I H IIIIIIIIII .............

• SireChmcun'lzationof Refineo,Landsites

• _ T_ Cau_yticSuppomfor _on andProcessing

• P.mow _ Musumme_ of_ _



LOS ALAMOS NATIONAL LABORATORY
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CRADAS

Clt_ADATOPIC INDUSTRIAL PARTNER(S)

• Oil _ Technology EXXON
Partnership (ORTP) UNOCAL

- F_ of l_©lds

Formations

- Pore-scale Flow and Scaling to MOBIL,
lmwovod Recovery Pmceu CHE'vltON

- Modeling of Flu'ld_d Bed for AM(YLX)
Heavy Residual Oil

• Development of_rrosion-Resistant EXXON
Tubulars (Production Pipe)

• Computational Technology Initiative
for the Petroleum Industry - being
developed

• Plasma Source Ion Implantation GM

• Memlxane Devel_t DOW CHEMICAL

DOE (GOVERNMENT) FUNDED R&D

• Internal Combustion Engine Modeling

• Development of Chelating Resins, Polymeric, and Ceramic Membranes for Separations

• Nano-Scale Polymer Foams with Controlled Cell Sizes
• _-Induced Methane to Methanol Conversion

• Neural Network and Intelligent Process Control

• Atmospheric Modelhlg

• Supcrcfitical Water Destruction of Waste



NATIONAL INSTITUTE FOR PETROLEUM &
ENERGY RESEARCH

I II I I I IIIII I I IIIIII

I_DUSTRY SPONSORED RESEARCH

_optc

• SpecializedAnalysis of CrudesandFuels

• RefineryProductProblemAnalysis

• FuelFormulation

• Emissions of AlternativeFuels

• HydroProcessingof Specialty Products

• EvaluationofCat Cracking CatalystsandFeedstocks

• CatalystandProductEvaluations

• AdditiveEvaluations

• Propertiesof FutureDiesel Fuels

A partialfistof indus_al clients who havesponsoredsuchactivities include:

PIm J mS PETROLEUMCOMPANY AMOCO

UN_ ARCO

LYONDELLPETROCHEMICAL CONOCO

EXXON MOBIL

UOP EURON

DOE (GOVERNMENT) FUNDED R&D

• ThermodynamicPropertiesof HeavyCrudes

• CrudeOilDatabase

• AnalyticalResearchto Improve Processes



NATIONAL INSTITUTE FOR PETROLEUM &
ENERGY RESEARCH (cont'd)I III I II I I IIII

DOE (GOVERNMENT} FUNDED R&D (con'td)

• UpgradingandEnvironmentalProblems

• Coke Reduction

• HeavyOilUpgrading

• Analysis of Crudes

• Emissions fromAlternativeFuels

• Fuel and Refining ProblemsthatLeadto Off-Spec Products

• AdditivesEffectivenessand Interactionwith Fuels

• WasteMinimizationand Recyclingof Hydrocarbons



NATIONAL RENEWABLE ENERGY
LABORATORY

I I I I i I I III II I II I IIIII

CRADAS

CRADA TOPIC INDUSTRIAL PARTNER¢S)

• Waste to Fuel Ethanol AMOCO OIL

• Biomass Wastes into Fuel Ethanol NEW ENERGY CORPORATION

• Recycling of Nylon - 6 into ALLIED SIGNAL
Monomeric Compounds

INDUSTRY SPONSORED RESEARCH

TOPIC INDUSTRIAL SPONSORfS_

• Fluid Catalytic Cracker Catalyst AMOCO OIL

Development

DOE (GOVERNMENT) FUNDED R&D

• Plastics recycling

• Photocatalytic oxidation of organics (VOCs, TCE, etc.)

• Development of cellulose ester membrances (organic/inorganic hybrid and mixed
esters) for gas separation

• Increasing fuel flexibility in the refinery industry (oxygenates form biomass)

• High reactivity solids processing

• Syngas production and processing for fuels from biomass

• Production of hydrogen from reforming pyrolysis oils derived from biomass

• Hydrogen production via solar-thermal, photoelectrochernical, and photobiological
processes



OAK RIDGE NATIONAL LABORATORY
IIII I I I II I II I III I III

CRADAS fIN NEGOTIATION) il

CRADA TOPIC INDUSTRIAL PARTNER(S)

• The Biological Removal of Sulfm THRU PERF
Heteroatoms form Petroleum -TEXACO

OTHERS

• PCB Removal & Desm_tion MORRISON & KNUDSEN

• Fluid Flow DOW CORNING

• Particle Size Control DOW CORNING

• Bioreactor Evaluation for TCE ENVIROGEN
Desmaction

• Bi_tion SCSC

• Advanced Bioreactor System DOW CHEMICAL

• Scaling and Corrosion in MODEC
Sulm_-'riticalWater Oxidation

• Electric Fields to Enhance Industrial ROHM HASS
Processing

INDUSTRY SPONSORED RESEARCH

TOPIC INDUSTRIAL SPONSOR(S)

• Scaling and Corrosion in MODEC
Su_tical Water Oxidation

• Electric Field to Enhance Industrial ROHM HAAS
Processing

DOE (GOVERNMENT) FUNDED R&D

• Flow and Bubble Formation in Vapor-Liquid Process

• Bioconversion and Recycle of Lignocellulosic Materials

• Alternative Feedstocks for the Chemicals and Petroleum Industries

• Biofuels Feedstock Development

• NOx Reduction Additives



,,OAK, RIDGE NATIONAL LABORATORY (cont'd)
• Neural Networks for the Identificationof Fuels

• AdvancedWasteMinimiTa_onMethodology- WasteMin/mizationEvaluationModel

• Softwezefor Predictionof ThermodynamicProperties

• Interactionsof Solvents,Solutes,andSurfaces: Adsorptionand Supercritical
Extraction

• MulticomponentSeparationsby ContinuousChromatography

• RenewableHydrogenProductionfor Fossil Fuel Processing

• SludgeMixin_obilization



PACIFIC NORTHWEST LABORATORIES
I I I I IIII I I I III II IIIII

CRADAS

CRADA TOPIC INDUSTRIAL PARTNER(S)

• Hydrothemml Destruction of ONSITE * OFSITE
Organics

• Petroleum Catalyst Recovery PHILLIPS

• Waste Acid Recovery Demonstration VIATEC

• Solid Superacid Catalysts UN_

INDUSTRY SPONSORED RESEARCH

INDUSTRIAL SPONSER(S)

• Ion Exchange for Heavy Metals UOP

• Petroleum Sludge Treatment ONSITE * OFSITE

• Hydrodeoxygenation of Biocrudes VEBA PETROLEUM

DOE (GOVERNMENT) FUNDED R&D

• Hydrothermal Deduction of Organics

• Electrochemical Destruction of Organics

• Corona Destruction of VOC's in Off Gas and Water

• Efficient Separations and Processes Integration Program

• Polymer Membrane Separations

• Exwaction of TCE

• In-situ bi_ation

• Composting of Fuel Contaminated Soil

• Catalysis-by-Design

• Development of Membrane Reactor System

• Development of Ceramic MembraneMaterials

• Alkane Oxidation



SANDIA NATIONAL LABORATORIES
III I II I II1[I I II I I II III II _J

CRADAS

CRADA TOPIC I]qDUSTRIAL PARTNER(S)

• Study of Catalysts (physical . BIOSYM TECHNOLOGIES,
structure, gas adsorption, electromc INC
structure)using ab in/t/o codes on EXXON
massively parallel computers

• Catalysts for Production of Oxidized SHELL DEVELOPMENT,
Products HOUSTON

• NOx Reduction Catalysts LOW EMISSIONS PARTNERSHIP

• Inorganic Membrane Reactor AMOCY)
Technology to Provide Improved
Energy Utilization in High-
TemperaturePetrochemical
Applications

• Hydrous Metal Oxide Catalysts for SHELL
the Synthesis of Oxidized Products

• The Origin and Fate of Toxic TEXACO, CHEVRON,
Combustion By-Products in MOBIL AMOCO,
Petrochemical Process Heaters: UN_
Research to Enable Efficient
Compliance with the Clean Air Act

DOE gGOVERNMENT FUNDED R&D

• Conversion of Light Hydrocarbons to Alcohols Using Biomimetic Catalysts, Carbon-
Based Catalysts

• Conversion of Carbon Dioxide Using Biomimetic Catalysts

• Molecular modeling of Macromolecular Structure of Complex Hydrocarbons and
Fuels

• Nanostructured Metals, Oxide and Sulfides for Catalytic Applications

• Selective Dehydrogenation Catalysts and Membrance Reactors

• Development of Thin Film Hydrous Metal Oxide Catalysts for Fuels Applications



i

• Design and Development of Smart Membranes for Small Molecule Separations
(,eral projects)

• Design and Development of Porous Materials for Small Molecule Adsorption and
Stcnge

• Catalyst Development for Direct Liquefaction

• Catalyst Assessment and Reactor Fluid Dynamics

• Ca_tlytic Hydropyrolysis

• Refming of Coal-Derived Liquids

• Thermally Stable Jet Fuels

• Advanc_ Liquefaction Concepts

• Solar Detoxification of Organic Contaminants

• Technology Demonstration

• Oppommities in the Petroleum Industry - Vital Issues Panel for EPA Act section 2108

Report to Congress



APPENDIX B

MATRIX OF NATIONAL LABORATORY

CAPABILITIES IN

RELEVANT R&D AREAS



' I r I1'111

Research ares 'ANL BNL INEL LANL LBL 'LLNLINIPR NREL ORNL pNL SNL
S.3.1 ......Environmental Research' ant '

Development ..... .
' WA__teWater Tr__9_tment ,,

MetalsRemoval ' :)0<: )0( ' )0( S S :)0(: )0( )0( ,S

' Enclo____Biotre_atmentsystems " ,,, C S , "',)0( S ' S" S ' S S )0( C
Reverse 'osmos__'is-membranefilters S

.....Prec:_itationof_metalc_-_tamtnants , S S S C .... )0( _ _
Ad___q_tion,onmedia(activatedcarbon ..... C ,,, S ..... )0(, S
Sand filtration C C
SolarDetox ....... " ,.... ' S 'S

i , ,, , , H

,, iii

W-__ewater_.,__,,,___ .... '.
API __o,d_r__ratorSIL_=_y ..... C c ,.. c S ' ...... C
"TankB___._.nm_ ,. ,S S . S S , S ,....

._o__.+dW_,_e_.___j ..... . . . ..
Air FloatA!ionFloat Solid__ . ,] S
._ro,p_t C_)_ahlStHandrmg . '"' )0( C .. . C

,,,, ,

P-_-_,,=Em__ ........
'FIL_C__¢_En__"____'__ms" )0( )0( S '" S )0( C .S

...... ____ s _ ...... _ x( ,_ ,._
RW,:__a_k_of_:'___._ , xx . "xx" S c . ' s .... s

ii

Site RemediA_'_:tion........... " -
In-Situ treatment ' " S :)0(" ' _0( "S )0( )0( ' )0( :)0( ,, ;¢(

Tots_!SystemArml_, ...... ,,,, :)0( '_(:,, _ S " XX _ )0( , , )0(
l

XX = Strength Defined as 30+ manyears of effort in this category over the last 5 years [i.e. 6my/year * 5years]
S = Significant Capability Defined as I0 - 29 m.aaycarsof effort in this _ over thelast5 years
C = Capability Defined as 5 - 9.9 manyears of effort in this category over the last 5 years
Note: Activities of less than 5 manyears effort over the last 5 years should not be c_ on the form.

I II



I

R=:-_srch ares ANL BNL INEL; LANL LBL LLNL NIPR!NREL _L PNL SNL
i II

5.3.2 Advanced Base Technology
Development for Process
Improvement

Energy Efficiency Improvements_
Thermal Processes

Orn_nic/fluid fo'ulir_l ' " )0( C S
Two-_.__-e=l=l_-=_-ttransferenl___ ' _ S C...... )0( XX" )0( '"
Transporlprocessin _ heat _ ')0( c ' )0( ;_ .....
ox_.dlar_.=_:=s

St,_,,__-.--_-'-__of pr_r_______unit in.t_,_.____n_ ,.. S )0( C _ C
C s xx c

Corm.,terSimulationota __x
mfm_,'y of the _re _ ,

Catalysis ....
CA=lystby O,_-_'w_. )0( )0( C . S )0( _m C ... S .... )O( ;10(
SoUdAdd CatalystReplacemera lot .... )O( C
HFandH_.-_-4
C,_tAh/tlcOx_.____"_.ofH_ro___,bons' C S _ C C c ;,;< s
Envirord_._m_!C_-ontrolCat____/'sts ...... S S
' s

Syn_--_ of_-,_; S,._es S )0( .....S C .... S
Post Con_usttonCatalytic C )0( C
__ _cEresContnd ....

J
m ,,i

I°'m, science .... , , I' ,,...__rstlon ,, -
Distillation C C .....

Adcr_l)tion..... .... "'C .. C C )0( _ ;_X C
Extraction _0( C X£

Combustion Science"' )0C _X M C ,e_

XX = S_ Defined as 30+ rramyearsofeffort in this categ(wy over the last 5 years [i.e. 6my/year * 5years]
S = Significant Capability Defined as 10 - 29 many.earsof effort in this calqmy over the last 5 years
C = Capability Defined as 5 - 9.9 manyem_ of effort in _ categmy over the last 5 y.'.Jus
Note: Activities of less than 5 manyears effort over the last 5 years should not be c_ on the form.



,,.i I ii I II ,iiiii, lUiilllll iili

_j _" ....... _l I ,,........
III

,,j '..... _
W _

Z

•_--._. ,_

[I
._ _,.._, ..J

, _ r,_ _ Z



' " '' ' ANL BN"L INEL LANL LBL LLNL NIP R NREL (:W_L PNL $NLRo__-_=rch a r-_ L
I IIII II I I I

S. 3.3 Proce_s=_ Development

I.r_Jea_e_ing.._important , ,,, ,
Hydrocrack_ ,, '" C C C

R_--__,.Hydr_ C S C X_ C C
Distillate hydrotr_,__tlng/pr0_-_lng '" C Xx , r c

" _*_e Prod,____,c_m C )0( C .. C C C C C

R_'_-_ ,_,rm_r___,!,Oxid:___ C C ,, , C

Flextcc_ktn_l . C
Distillation , ' C ,,S ..... '

Pr______-__ s c s c _ c _x c ,, c
_--_--neI_ , ,m m

Isomedza!!on C C

Alkylation ' ,. ' ..... ,,C C

__ c_-,__" c
Catalytic reformir_ S ...... C c ,
S_%__t __-__ , C ,, ,

High-Risk pro,,-..-- development
Petro._=_urnCoke Desulfurf_m_tk_n )0( C
P=_-*=_=,,mt_A_!!_:,A_tk)n ' S _ C C .....C C C

i-tvdroc_mP_ro,______mn_T__e,,Zmv_3_o_ S C S C S )0( S C

XX = Strength Defined as 30+ manyears of effort in this category over the last 5 years [i.e. 6my/ye= * 5years]
S = Significant Capability Defined as 10 - 29 manyears of effort in this category over the last 5 years
C = _lity Defined as 5 - 9.9 manyears of effort in this category over the last 5
Note: Activities of less than 5 manyearseffort over the last 5 years should not be claimed on the form.



ares

ill.i i i i ,ll ii5.3. Yield Improvew,ent from
Heavy Oils and Resids S S ........ S

$. 3.5 Alternative Feedstocks ii i ii

Co-ProcesslnQ , S C , C ,, C
_._ R_-_ s s c s c
e___ ' S _x s s" c
co=colxoce._ ,, s , s _ ......c
Natural Gas Utilization ,,, C, )0(" S C S , I C, S ..... S

,,, , Ill ] i iil

XX = Strength Def'med as 30+ manyears of effort in this category over the last 5 years [i.e. 6my/yem"* 5years]
S -- Significant Capability Defu:.edas 10 - 29 manyears of effort in this categ(aT over the last 5
C = _lity Def'medas 5 - 9.9 nmnyean of effort in this category over the last 5 years
Note: Activities of less than 5 manyears effort over tim last 5 years should not be clain=_ on the form.



PLENARY SESSION ON

OTHER MATI'ERS

Session Chairman: Skip Robinson
(BP America)



The Plenary Session on other issues was designed to provide the participants with a

forum for discussion of items not on the agenda, e.g., program characteristics,

implementation options, etc. The items discussed are summarized below.

Other Issues

• Drivers Impacting Program Startup

Justification of a cooperative DOE/industrial program will require
both industrial "push" and government "pull". The refining industry
must express both want and need for a collaborative program, whilst
the DOE must show that government support of the refining
industry is in the best interests of the nation. In session discussions
reviewing the impact of various drivers on the U.S. refining
industry there was some disagreement on the role of foreign
competition (product imports) on domestic refining, foreign
competition is of curse a subject of concern to the U.S. government,
particularly if it is onerous to an industry which is considered
strategic to national security.

• Technical (Program)

- What are the best areas for DOF_dIndustrycollaboration7

Technology plays an important role in refining, and for some
companies provides a key competitive advantage.
Government involvement in certain areas such as process
development or operational enhancement could be viewed by
some as an unwelcome intrusion. However environmentally
focused programs had greater appeal due to the perceived
universal cost of compliance and lack of opportunity for
attaining competitive advantage. Thus determining the scope
and breadth of the collaborative program is a key issue that
needs to be resolved

- Intellectual property rights

Concern was expressed over ownership of new technology
or technological enhancements discovered with government
supported programs. The DOE has policies under existing
programs that address intellectual property fights, patent
ownership, etc.

- Program Management

Concern was expressed over how co-funded programs
would be managed and controlled and how costs would be
shared with the DOE

- Timeliness

The U.S. government fiscal cycle begins in October. Thus
the '95 year will begin in October 94. It is unlikely that a



majorDOE/Refining programcould be included in the '95
budget due to the long approval process faced by any
governmentdepm'unent.!towever the timingis good to gain
approvalfor fiscal '96, which would startin Oct. '95.

• IndustryRepresentationtoDOE

A key issue in establishing a joint DOE/industry collaborative
programis who or how shouldindustryrepresentthemselves to the
DOE. Whatkind of mix of refiners, suppliers,vendors,etc. would
be considered an adequaterepresentationof the industry? What
percentage of participationis required, if any? Are any of the
existing organizationsadequate,such as API, NPRA, NPC, etc. or
is a new organization, such as PERF required? If so, who should
takethe initiativeto organizeandmanagethenewbody?



.. QUESTIONS & COMMENTS OF THE PARTICIPANTS
II I I II I I II I I imill

• The issue of whether the NPRA would be interestedin representing

the industry in discussions with DOE has been raised with the

organization. Direction is being sought.

• Does there have to be unanimous agreement of all the members of
NI'RA?

• PERF will also discuss the options and may set up an appropriate

group.

• The industry should consider an organization analogous to of the

NaturalGas Councilin orderto deal with DOE. This is an important
issue that needs to be addressed.

• Should company representatives (on an industry organization) be from

research anddevelopmentor operations?

• We should have more of these meetings (workshops) to encourage
communication.

• What was the reaction of the upper-management-level officials of the

oil companies you talked to relative to the question of industry

representation? We got mixed recommendations: approximately one

third suggested NPRA, another third recommended a new

organization be created, and the remainder suggested PERF andother

organizations, such as API and CRC.

• The industrymust talkto DOE management at sufl'lcientlyhigh levels

and stress the importanceof the industry to the economy.

• What we are dealing with here is more complicated than just the

technical aspects of a collaborative program. The DOE is asking for

more - that we work in partnershipwith the Labsand put up money.

• DOE is acting as a government facilitator seeking to determine if we

want to form a partnership.

• The refinery industry should have more involvement in the U.S.

Clean CarInitiative to develop an 80 mpg car.

• The industry needs to pay more attention to the car industry and the

impactof its advanceson fuel composition.

• Can the DOE work with foreign-owned companies? Yes, if they do

work in the U.S.



* What's next? We have to awaitfeedbackfrom the NPRA and PERF

meetings.



WRAP-UP/CLOSING REMARKS

Speaker: Daniel Wiley
Office of Industrial Technologies
Energy Efficiency and Renewable Energy
Department of Energy



WRAP.UP/CLOSING REMARKS

WORKSHOP EXPECTATIONS, WERE THEY MET?

• The direct relationship of the Refinery of the Future program to the Mission of the
Department of Energy was emphasized. Secretary of Energy Hazel OZ_, T presented
the strategic importance of the energy industry February 9, 1994 at the Cambridge
Energy Research Associates annual energy conference in Houston.

• Additional, meaningful, input was obtained for the Refinery of the future industry
"vision". In some cases the draft "vision" document was challenged, but for the most
part the information obtained through the initial industry interview process was still
pertinent

• DOE has stimulated the refining industry to openly discuss its future technology needs,
in particularas they relate to resolving regulatory requirements.

• The core competencies of ten DOE national laboratories were presented as a DOE
capability available to support the technology needs of the refining industry.

WHAT DID WE HEAR?

• Excellent feedback was received from the breakout sessions, and summarized in
plenary sessions.

• DOE Deputy Secretary Bill White has offered to address intellectual property and other
legal issues that inhibit the establishment of a collaborative program with the refining
industry.

• The ROF started as a process to provide strategic focus for the technology development
programs in EE and FE. Although the need still exists for DOE to develop
comprehensive, strategic, programs to support its technology development activities,
this of itself is not sufficient evidence to justify DOE's involvement in such a program.
What is needed is a strong message from the industry that outlines its future directions
(vision), its critical problems and hence its needs; this message needs to be
communicated to the appropriatelevels of DOE management.

• The ROF "Vision" as presented at the Workshop is sufficient to establish the basis for a
collaborative program to address the future needs of the refining industry.



• The Refining industry now has.the opportunity to make the ROF a truly national
program. Several major mdusmal partnershlps with DOE include automotive (U.S.
Car), and textiles (AMTEX).

• There are currently major policy opportunities for the refining industry to be publicly
heard.

• The ref'ming industry must find a way to ov.e1"c0methe industry's varied and conflicting
interest to promote a vision of its future, and its problems, to the nation. This has to be
the industry's initiative and vision, not DOE's.

• DOE will continue in a facilitating role. We want your ideas on how to do this. DOE
will help facilitate the surfacing of all the right messages.

• There are many models to select from in developing an interaction with DOE. Industry
must drive the process and develop viable technology options for survival.

WORKSHOP FOLLOW-UP ACTIONS

• The workshop proceedings will be issued to the participants. A number of individuals
have expressed the opinion that no further work be done to improve or refine the
industry "vision" that has been presented in the Refinery of the Future draft document.
This document will continue to evolve with time, but is sufficient to establish a basis
for a collaborative program to address the future technology needs of the refining
industry.

• The unified presentation on national laboratory core competencies was positively
received, with interest expressed in seeing the concept of a "single point of entry to
DOE" further developed. DOE agreed to continue to work toward this objective.

• It was recognized that other DOE offices should be involved in the ROF program,
notably Environmental Restoration and Waste Management. Both Energy Efficiency
and Renewable Energy, and fossil Energy, have been working closely since the startof
ROF program plan development. More recently, Energy Research and Defense
Programs have been briefed on the program.

• DOE will continue to facilitate discussions, meetings, or other interactive modes to
assist the refining industry in developing an industry "vision" of the future. This
"vision" will have the most impact if it is truly representative of the refining industry's
needs.

• DOE will take a lead role in championing the refining industry with EPA, as directed in
the Domestic Natural Gas And Oil Initiative.



NPRA WORKSHOP EVALUATION



The NPRA conducted a survey of the Workshop attendees at the conclusion of the

Workshopto obtaintheirviews on the valueof theWorkshopandpotentialinterest in collaborative

research. The results of this survey aregiven in AttachmentI. Specific comments submitted by

attendeesaresunu_ in Attachment1I.



Attachment 1

Workshop Evaluation

f.aattna

Value of the Workshop I
Usefulness of Information 2.9 2.8 3.0 3.3 3.0
Understandingof Purpose 2.7 2.9 3.0 3.5 2.9
OverallValue 2.9 2.8 3.1 3.2 2.9

Potential Interest in Collaboration
Research 2

54 75 50 22 3338 25 50 22 33
None 8 - - - 3

Interestin BroadRange 23 25 33 44 28
Interestin Limited Scope 77 75 67 56 72

Continueto PursueActivity 59 75 100 88 73
Review withOthers 13 25 - 12 19
Bothof the Above 18 - - - 8

DOEShouldContinueDialogue 88 94 100 100 93
Waitfor IndustryResponse 12 6 - - 7
DiscontinueEffort .....

1 Ratedon scale of I to 4, with4 being the highest

2 Percentof respondentsindicatingresponse



Attachment 2

ROF Workshop Comments

REFINING AND PETROCHEMICAL MEMBER COMMENTS:

1. VALUE OF WORKSHOP

• Feel the program was effective to get the door open for National Labs
and industry to work together.

• Value will depend upon what happens next. Need to develop process
for collaboration between industryand Nauonal t.abs/DOE/EPA.

• I was a little confused as to the objective of the workshop, thinking that
the discussion would center around a vtsion of the refinery in i0-20
years. We discussed more short-term needs rather than long-term
vision.

• Great start - wonderful example of TQM - value will be seen based on
respective organizations. This program needs one interface
organization, i.e., NPRA.

• Presentation on DO_ational .Lab capabilities was very well done.
This was a big step forward m making those capabilities more
acceptable to the industry.

• Information from DOE was interesting and infonrtative. We will pursue
details further. I think results of certain work of National Labs would
be appropriate for symposium such as the NPRA annual meeting.

• The workshop was very good. the only negative comment I have is that
the breakout groups were so long that reaching consensus was
cumbersome.

• Workshop provided good status reporton progress and status to date on
the ROF initiative.

• Much of the information is "obvious" as it's discussed - the key value
was where everybody's interests seem to coincide.

• Refinery of Future is in essence being designed by political science, not
real science and driven by confusing government mandates - not gas
electric cars, emissions, ethanol, punitive tapes, subsidies. This will
cloud industry's ability to clearly establish leveraged R&D goals. First
priority is to synergize EPA and DOE.

• Success depends on what the DOE and the labs do.



• Facilitatorsin _ sessions allowed a fr_ flow of ideas;in others they
may have limited some of the brainstorming. I am sure we will get
betteratit as we go along!

• Needed morerepresentationfromcompaniesin appliedtechnology.

• Workshoppurposewas unclearin pre-mcetingl/te_. Facilitationof
workshopsessions could have been better.

• More time should be spent on determining mechanism of working
together, less time spent redefining vismn of ROF and technology
needs.

• _;sO_dsexch_e of information- but much focus on "general"issues andoff speclncs.

2. POTENTIALINTEREST IN COLLABORATIVE RESEARCHPROGRAM

* Strongestconsensus among refiningindustry;re: need for government
parm,ership,s in R&D is in environmentalarea. I'd like to worktoward
m.akmg thss happen. It also happens to be the industry's strongest
driver. PERFcould be industryspokes groupfor this initiative.

• The partnershipbetween the refining industryand DOE is vital to the
futureviabihty of the domestic oil and gas industry. DOE needs to
communicatethe strategicvalue of our industry. We need to continue
developing the nationalenergystrategy.

. Broadrange - at this time too earlyto properlylimit scope - notenough
knowledge to effectively limit, currently,EPA andstatesarcsignificant
interfacewith refinerson local level - need to addressthis interfaceand
its relationshipto theresultsof thiseffort - the R&D programspresented
will be most effective if resultscan be integratedinto the developmentof
current and future regulations. In this manner, Industry, DOE, EPA,
can reach a consensus agreement on results of R&D and then develop
rOgramsto implement regulatingrequirements. The development 0f a
llow-up procedure, appears crucial for continued success. This

procedureshouldinclude a mechanism for on-going interaction. There
should also be a clearer definition of the relationship between DOE,
EPA, Industry to define the ground rules and mechanism for
interpretation.

• Limit scope to environmental

• In m_,opinion, we need an ongoing dialogue to establish the process for
moving forward. Industry clearly needs to express interest. It would
be very helpful for DOE to sponsor/facilitate an ongoing discussion.

• There are some concerns that arose which have not been satisfied for
me: (1) Justifying the DOE and Technology budget increases of 25-
30% when, as taxpayers, we have been lead to believe government is to
shrink. (2) If refining sector does not work withDOE, and the National



Lab/Technologyworkshop- thenwhy was agendagearedtotechnology
issues?

• Definite potential here. An industry focal group is needed to alert
industryof the work beingdone and the potentialof theprogram. The
NPRA should probablysponsorthis group.

• Research partnersh!p activities in certain specific areas would be
welcomed by oil industry; needs to be focused, targeted, with
milestones etc. to introducesense of urgency_d measuresof progress
for industry. Broad-_sed programinitially veil get no support. Need
to establishcurveon discussionsandget on withit.

• DOE shouldcontinue dialogue with industryin the environmentalarea.
PERFcomes to mindas_ appropriatevehicle for interaction. Beyond
PERF,I think it will be difficult for the industryto coalesce to a group
that can guide a large program. Maybe for now a series of well-
publicized CRADA's will needto form the basis for a broaderpro_
later on. i think the DOE needs to take a very aggressive role in
communicating with the industry.

• Devise mechanism to leverage industry R&D through DOE,
universities, and private facilities. Require furtherclarification about
DOE, allocationof R&D fundsbetweenindustriesand the availabilityof
non-yearsR&D adjustmentwithinDOE.

• Maybejoint NPRA of API fundingcould be possible. Workwith these
organizations.

• This is a.good start in trying to pool our resources and making best use
of our join thinking. We need to have a few successful programs going
and will publicize so those that are tentative will come out and support
this effort.

• Need to focus on what is the nationalenergy policy. From this basis,
develop strategies to identify research and developmentefforts for the
industry.

• To an operatingcompany, participationin early research is very limited.
We would be interestedin helping set prioritiesand utilizing commercial
results.

• We need to begin implementation steps. Let's get going with some
early successes. Don't see greatvalue in "refining" the researchplan.

• We need to have some way to bringthe industry togetheron studies of
common interest.

• Need to crystallize the processanddevelop the mechanism for carrying
the interest forward.

• DOE should continue;but industry needs to respondto this initiative.



• Would like to see some mechanisms put in place to carry out some of
the issues/programs discussed in this workshop.

CATALYST AND TECHNOLOGY COMPANIES:

1. VALUE OF WORKSHOP

• Too diverse a group; need more focus.

• A lot of the discussion appeared to be a restatement of the previously
published papers.

• Information was not available far enough in advance. To be fair, there
was apparently a breakdown between my secretary and MPRA - she
thought I was registered... NPRA had no record of it.

• Advance materials- excellent.

• Meeting structure - very good; R&D plan session a little long.

• R&D meeting required tighter focus (e.g., we drifted into whether DOE
should study global warming- in the process R&D session) and better
sense of how the feedback would be/could be acted on.

• Unwillingness of facilitator and participants to entertain nontraditional
ideas or thought processes (one session rejected FCC Technology
Alternatives as heretical or too "radical"). Most seemed more
comfortable with gently extending the edges of current or traditional
practices.

• I realize the workshop was to "exchange" views, but now that views
have been exchanged, I don't see how the ideas get implemented.

• The workshop focused attention on issues and problem_ that need to be
addressed to meet the future needs of the refi,ing industry. It also
provided opportunity for mutual understanding.

• Would like to see more refining companies involved in this type of
workshop.

• I don't believe all the participants understood the purpose of this
workshop. Many of the participants derailed the process of problem
definition because they did not understand the long term nature of this
effort. By the way, I was clear on the purpose based on an earlier
meeting with DOE personnel.

2. POTENTIAL INTEREST IN COLLABORATIVE RESEARCH PROGRAM

• As a technology provider, we are interested both in applying National
Labs technology in commercial applications, and in leveraging R&D
initiatives of our own via the DOE and National Labs.



* Would like to discuss problems involving on-site me.urn to larg_ scale
demonstration plants.

* You all are up against an industry mindset that is anti-government, anti-
regulation and reactive in approach. Tough group but worth trying to
move forward. Good luck.

, National Lab's capabilities are quite impressive. There is nothing
wrong with salesmanship and self-promotion to increase utilization by
private industry.

, DOE should come forward and provide a meeting session for
government and industry to solve national problems together. DOE can
bring forth their experience in other industries to help the refining
industry.

. Need better definition of how to address competitive concerns, protect
confidential inf.., how to communicate projects, need more long-term
thinking on how to get to the market. NPRA should facilitate this with
DOE. Organizations like PERF will leave out "Nom'efiners". Need
input from all interested parties. PERF too narrow in focus.

* This is just the beginning. There is a lack of communication between
the industry and the government. There is a lack of a common frame of
reference. Industry's definition of long-term is different from DOE's.
We also don't seem to agree on what is basic vs. applied research.
Efforts should continue to better communicate and develop a plan based
on real needs.

CONSULTANTS:

1. VALUE OF WORKSHOP

• Two basic points: (1) Don't let the momentum stop to formulate similar
programs as USCAR, textile, etc. and (2) Don't forget other Labs
outside of the National Laboratory system (plenty of talent elsewhere).

• Excellent first effort. Need to develop action plan to implement the
program.

• This was good, but it shows a very broad range of industry opinions on
where we are and where we are going, shows the strong fragmentation
in the industry.

• A start for an organized effort of industry/government association and
communication.

• Session objectives were not totally clear resulting in early
misunderstandings and start-up problems.

........... H IIIII _r.......



2. POTENTIAL INTEREST IN COLLABORATIVE RESEARCH PROGRAM

• I want to know more about DOE programs (especially technology
transfer) and how to get my fu-m in this industry.

• Ensure that lines of communication are kept wide open. Consider
electronic access to DOE/National Lab activities (similar to new EPA
bulletin board).

• The ability to transfer knowledge learned from other forums to refinery
application is high value potential. Industry wide data could be
provided by DOE. Also analytical techniques is an areaof interest.

• One issue more important than that of the National Labs is the
coordination and exchange of information between companies. A good
program to view would be joint meetings on mechanical integrity and
deep water development in oil and gas sector.

• Limited research approach is best due to highly competitive refining
industry with much proprietary ownership of technologies/data.




