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The Lower It Goes,The Lower It Goes,
The Tougher It Gets!The Tougher It Gets!

What is ULSD and why is it What is ULSD and why is it 
so difficult to produce?so difficult to produce?
Can you revamp your Can you revamp your 
existing unit?existing unit?
What are the operational What are the operational 
and refinery issues?and refinery issues?
What are the capacity and What are the capacity and 
flexibility issues?flexibility issues?
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What Is UltraWhat Is Ultra--Low Sulfur Diesel?Low Sulfur Diesel?
500 500 wppm wppm S has been a common S has been a common 
world specification.  world specification.  
The EU spec will be likely be 10 ppm The EU spec will be likely be 10 ppm 
at the refinery gateat the refinery gate
The Swedish class one limit is The Swedish class one limit is 
10 ppm S10 ppm S

In the US, most refiners are In the US, most refiners are 
designing for 5 to 8 ppm out of their designing for 5 to 8 ppm out of their 
hydrotreatershydrotreaters
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Hydroprocessing SolutionsHydroprocessing Solutions
to Clean Fuelsto Clean Fuels

ULSD Fundamentals: Feed issuesULSD Fundamentals: Feed issues
Revamp issuesRevamp issues
New unit design considerationsNew unit design considerations
Other issuesOther issues
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At 10 At 10 wppm wppm S, only three species remain:S, only three species remain:

CC33 DBTDBT--B  B  -- CC33 DibenzothiopheneDibenzothiophene

C3 DBTC3 DBT--A  A  -- CC33 DibenzothiopheneDibenzothiophene

Speciation Study ConclusionSpeciation Study Conclusion

4,64,6 Dimethyl DibenzothiopheneDimethyl Dibenzothiophene
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4,64,6--DimethylDimethyl--DibenzothiopheneDibenzothiophene
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Impact of Other Feedstock Components
FeedstockFeedstock LCOLCO SR SR GasoilGasoil
DensityDensity 0.9450.945 0.8780.878
Nitrogen,Nitrogen, wppmwppm 549549 954954
Distillation, °C, IBP / EPDistillation, °C, IBP / EP 134 / 390134 / 390 174 / 386174 / 386
Sulfur, wtSulfur, wt--%% 1.471.47 1.251.25
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DesulfurisationDesulfurisation//DenitrificationDenitrification Test DataTest Data
(Moderate Pressure, Ni / Mo Catalyst)(Moderate Pressure, Ni / Mo Catalyst)

Feedstock Feedstock 
nitrogen nitrogen 
content content 
highly highly 
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Nitrogen Species Reactivity

AcridinePyridine Quinoline BenzBenz [[αα ] ] aacridinecridine

21216.66.62.22.211

Relative DifficultyRelative Difficulty

Difficulty of Removal Increases as Difficulty of Removal Increases as 
Molecules Become More ComplexMolecules Become More Complex

117°C b.p. 238°C b.p. 346°C b.p. 446°C b.p.

NN NN NNNN
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Understanding sulfur species in feed is essentialUnderstanding sulfur species in feed is essential

Desulfurization and Denitrogenation are inter-related:
HDN and HDS can not be treated independently

Reactivity of nitrogen compounds must be considered

ULSD Fundamentals
Feed Issues

Feed nitrogen content is a critical parameterFeed nitrogen content is a critical parameter



Hydroprocessing SolutionsHydroprocessing Solutions
to Clean Fuelsto Clean Fuels

ULSD Fundamentals: Feed issuesULSD Fundamentals: Feed issues
Revamp issuesRevamp issues
New unit design considerationsNew unit design considerations
Other issuesOther issues



Process ObjectivesProcess Objectives
Consistent PerformanceConsistent Performance

Need robust design to produce ULSD day in Need robust design to produce ULSD day in 
and day outand day out

Reliability is KeyReliability is Key
At <10 ppm S, off spec. products can not be At <10 ppm S, off spec. products can not be 
blended off & need to be reblended off & need to be re--processedprocessed

No ByNo By--passingpassing
A small degree of byA small degree of by--passing or malpassing or mal--distribution distribution 
in the reactor will lead to offin the reactor will lead to off--spec. materials spec. materials 

Need best designed and well run 
unit to produce ULSD



Revamp IssuesRevamp Issues

The “Heart” of the unit:  The ReactorThe “Heart” of the unit:  The Reactor



Factors affecting Factors affecting 
Reactor PerformanceReactor Performance

InternalsInternals
VaporVapor--liquid  liquid  
distributiondistribution
Thermal mixingThermal mixing
MaintenanceMaintenance

LoadingLoading
Sock vs. denseSock vs. dense
Catalyst handlingCatalyst handling
Loading profileLoading profile

OperationsOperations
Liquid and gas rates Liquid and gas rates 
Poor startupPoor startup
FoulingFouling
UpsetsUpsets
RunawayRunaway

UOP 3941H-5



Revamp IssuesRevamp Issues

The “Heart” of the unit:  The ReactorThe “Heart” of the unit:  The Reactor
The Rest of the unitThe Rest of the unit
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MakeMake--upup
HH2  2  Purity?Purity?
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New New 
RxRx

= New= New
EquipmentEquipment

HH22SS
Scrubber?Scrubber?

StripperStripper

HPSHPS

RxRx

FreshFresh
FeedFeed

REVAMP ISSUESREVAMP ISSUES

88--10 ppm S10 ppm S
DieselDiesel

Cycle Length?Cycle Length?

Gas/Oil ratio ?Gas/Oil ratio ? RefineryRefinery
H2 Balance?H2 Balance?



Hydroprocessing SolutionsHydroprocessing Solutions
to Clean Fuelsto Clean Fuels

ULSD Fundamentals: Feed issuesULSD Fundamentals: Feed issues
Revamp issuesRevamp issues
New unit design considerationsNew unit design considerations
Other issuesOther issues



Technology Options for  Technology Options for  
Hydroprocessing UnitsHydroprocessing Units
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What Are the Implications?What Are the Implications?

UOP 3300D-16

Revamp
or New Unit?

RevampRevamp
or New Unit?or New Unit?

Operating 
Issues?

Operating Operating 
Issues?Issues?



A New Set of Operating IssuesA New Set of Operating Issues

Is it reliable enough? Is it reliable enough? 
You can’t run at 5 You can’t run at 5 wppmwppm SS
–– Feed changesFeed changes
–– Compliance marginsCompliance margins

UOP 3300D-17

Feed bypassing Feed bypassing 
–– Reactor Reactor maldistributionmaldistribution
–– Leaking heat exchangersLeaking heat exchangers



What Are the Implications?What Are the Implications?
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Refinery Refinery 
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Refinery ImplicationsRefinery Implications

Requirements for Requirements for 
system cleanupsystem cleanup
Product segregation Product segregation 
costscosts
–– ManifoldingManifolding
–– Proof tanksProof tanks

Increased hydrogen Increased hydrogen 
demanddemand
Product distributionProduct distribution

UOP 3300D-19



Median Cost of Producing ULSDMedian Cost of Producing ULSD

Distribution, 150 US RefineriesDistribution, 150 US Refineries

C
os

t
C

os
t

UOP 3300D-20

Minimum Incremental
Cost of Producing ULSD 

Is Refinery Specific

Minimum IncrementalMinimum Incremental
Cost of Producing ULSD Cost of Producing ULSD 

Is Refinery SpecificIs Refinery Specific



What Are the Implications?What Are the Implications?

UOP 3300D-21

Revamp
or New Unit?

RevampRevamp
or New Unit?or New Unit?

Operating 
Issues?

Operating Operating 
Issues?Issues?

Refinery 
Issues?

Refinery Refinery 
Issues?Issues? Diesel 

Volume?
Diesel Diesel 

Volume?Volume?



Capacity Implications of ULSDCapacity Implications of ULSD

Yield lossYield loss
Must process materials that Must process materials that 
were previously high quality were previously high quality 
blend stocksblend stocks
–– Hydrocracked dieselHydrocracked diesel
–– Merox Merox treated kerosenetreated kerosene

Reprocessing flexibilityReprocessing flexibility
–– Startup, shutdown and Startup, shutdown and 

emergency proceduresemergency procedures
–– Routing ofRouting of offspecoffspec

materialmaterial

UOP 3300D-22



Capacity Implications of ULSDCapacity Implications of ULSD

Offspec Offspec 

Lower S Diesel Lower S Diesel 
ComponentsComponents

Existing
Unit

ExistingExisting
UnitUnit

Sulfur
Polishing

Stage/Unit

SulfurSulfur
PolishingPolishing

Stage/UnitStage/Unit
ULSDULSD

UOP 3300D-23
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Median Cost of Producing ULSDMedian Cost of Producing ULSD
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Distribution, 150 US RefineriesDistribution, 150 US Refineries

Additional Capacity 
Requirement Will Increase 
Cost of Producing ULSD

Additional Capacity Additional Capacity 
Requirement Will Increase Requirement Will Increase 
Cost of Producing ULSDCost of Producing ULSD
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What Are the Implications?What Are the Implications?

UOP 3300D-25

Revamp
or New Unit?

RevampRevamp
or New Unit?or New Unit?

Operating 
Issues?

Operating Operating 
Issues?Issues?

Refinery 
Issues?

Refinery Refinery 
Issues?Issues?

Diesel 
Volume?
Diesel Diesel 

Volume?Volume?

Flexibility?Flexibility?Flexibility?



Flexibility for the FutureFlexibility for the Future

Expansion of diesel Expansion of diesel 
fuel marketfuel market
Off road dieselOff road diesel
Evolving diesel Evolving diesel 
specificationsspecifications
–– CetaneCetane??
–– Aromatics?Aromatics?
–– T95 distillation?T95 distillation?

More difficult feedsMore difficult feeds
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Flexibility Implications of ULSDFlexibility Implications of ULSD

Offspec Offspec 

Lower S Diesel Lower S Diesel 
ComponentsComponents

Existing
Unit

ExistingExisting
UnitUnit

Sulfur Polishing
Cetane Improvement
Aromatics Reduction

T95 Control

Sulfur Polishing
Cetane Improvement
Aromatics Reduction

T95 Control

PremiumPremium
ULSDULSD
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Median Cost of Producing ULSDMedian Cost of Producing ULSD
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Installing Additional 
Flexibility Will Increase the Cost 

of Producing ULSD

Installing Additional Installing Additional 
Flexibility Will Increase the Cost Flexibility Will Increase the Cost 

of Producing ULSDof Producing ULSD

Distribution, 150 US RefineriesDistribution, 150 US Refineries



Diesel ProductDiesel Product
SulfurSulfur

DesulfurizationDesulfurization
DifficultyDifficulty

OperatingOperating
CostsCosts

Operating Operating 
ComplexityComplexity

Revamp Revamp 
CostsCosts

SummarySummary

500500 55
Sulfur in Diesel Product, ppmSulfur in Diesel Product, ppm
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ConclusionsConclusions

Making ULSD is similar to Making ULSD is similar to 
making a high purity chemical making a high purity chemical 
Unit operations and product Unit operations and product 
distribution will be more distribution will be more 
complex and more expensivecomplex and more expensive
Simple unit revamps may not be Simple unit revamps may not be 
enoughenough
Couple short term plans for Couple short term plans for 
ULSD with strategies for diesel ULSD with strategies for diesel 
product flexibility to achieve the product flexibility to achieve the 
most cost effective, long term most cost effective, long term 
solutionsolution
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