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CLIRALOW SULFUR MARDIE FURL CIMPOBITHRES

FIELD
{6601} This disclomwe relates o fogh satorates conteny, Tow sulfur content, and low wigdgen
conta marine fuel coanpositions or fusl blending sompostiions and methods for forming sweh

fued composttions or fued Manding compesibons.

{Bo02} Ceean tramspert vessals that burp manne fael oil have historically represented a
significad sourve of OO emissions, as well as baing a scurce of enussions of SOx and NGk, In
e effort wo redece corbon enussions, the International Maritime Organtzaton (MO} has agreed
oft & tavget W cut the shipping sectors” overall COq output by 30% by 2050 compared to 2008, 1o
an sffort (o meet this ambitious gosl, ong option that has been wentified 18 to convert wmarine
sngines o use guelied nataral pas (LNGY as 3 fugl. Due o high hydrogen to carbon ratio, LNG
fas the towest tank-to-propetier cwbon amission compared 1o other hydrocarbon fuels, For
exgmple, compared 1o conventionad desel fuel, CQr omissions can be 209 @ 28% lower, I the
woll-do-tank emissions are slzo considersd w ovder (0 account for the ol life ovele of the
respective fuels, the carbow fntensity for LNG s still 10 to 13% Joweyr than conventional diesel
fael, LNG also hag g low contond of sulfur and nitrogen compounds. Therefore, an NG diesel
evcle marine engine emits $3% lower SOx emission and 209 less NOX ennssion.

IR Howaver, LNG has several draschacks. First, ING is a oryogenic hgoid Cryogenic
Houids present sigetiicantty greater difficolties with vopnrd o transport and handhing relative to a
eonventional resichial fuel off or diesel foel, Additionally, LNG cannet be transported using

w mine foel distribution systems, 5o an entively new LNG bunkening infrastrocture would

nead (o be developed. This oty the avatlabibity of LG globally, Still another issue 35 that in a
storage tmk, sovee TNG will boil off due 1o hent Ingress, Such botl off veeds t be numaged
during storage or refitling, or # will be emitted o the stimosphere divectly, Methane, a prinamy
consonent of LNG, i g known greonbouse gag. &3 o vesull, any direct entssion of methase due
to botl off can partially {or possibly completely) negate the reduced CO; craissions bevelit of the
fuel, Yot another issue ix thay LNG can only be used in engines designed to burn gaseous fuel,
sl similarly the storage tanks and fuel svstenss on a vessel would need 1o be replaved 10 handle
LNG. Due to thiy wide sy of difficalties, LNG i typivally only used on newly constractad
vemsuls,

jaoO4 Based on the abuve, # woulid be desirable to develop marine fuels thut can provide
some or all of the emissions beuelite of ING while reducing or mintmnbzing the need to bunild new

nfrastruche o use the roarine fuels, T woudd further be desirable for the manne fuels 1o reduce
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oF minimize the amount of refrofitting or replscement of engines and fuel systems on marine
vensels inorder o nwke e of the fued

{0608]  An wrticle stled “Impact of Light Tight Qils on Distilinte Hydrotreater Qperation™
the May 2016 issue of Patrolsan Technology Quartarly describes hyidrogwrocessing of herosens
and diesel betling range fractions derived from tght oily,

{Bon6] LS, Patent Apphication Publication 20U TAHRASTS describes foel compositions
formsd dunng hvdroprocaessing of deasphalied oils for tubrivant produstion.

{8807 U.S. Patent D 020,270 describes fuel compositions made by hydroprocessing of
sacuan resid,

186081 LIS, Patent 8999011 deseribes heavy distillate Iractions that can be used in fuel
compasitions such as fael oils.

{09 LN Patent 107 299 describes variouss compositions derived from hydroprovessing
of main coluom bottoms from a fluid catalyiic oracking process.

MARY

HUH R I an aspect, 3 el or Rl Wending component 15 provided. The fusd or fued blending

component inchudes a kinennatie viscosity at 3°C of 5.0 o8t to 100 ¢St a sulfur contont of 130
wppmt or fess, & density at 13°C of 800 kgm0 900 kgiod', and an aromatics content of 3.0 w1
10 23 withs, In some aspects, the fsd or fust blending component can mclude a sulfur content of
Hwppi o 130 wppm anddor g nitrogen content of 100 wppm or lesa. In some aspects, the fied
or fuel blending component can fachide salfur content of 5.0 wppr o loss andior g nitrogen
content of 5.0 wppm or less. Qptionslly, the viscosity indes can be 120 or more. Optionally, the
fuel o fuel blending componst can be blended with snother fraction, such as a renewable
fraction.

011 Io avother sspect, 3 Tuel or fuel blending component is provided, The fuel or fuel
hiending somponent tncludes a density of 930 kg/m® or fess, a kinematic viscosity at SO°C of {00
oSt or move, i subfir content of 30 wppm to L wppm, a BMCOT of 30 or tess, and 8 COAT of 800
or less. Optionally, the niirogen comtent can be HHE wppm or Tess anddor the viscosity index can
be &0 or mare, In some aspests, the fuel v fue! blending component can include a TH0

X

distitlation point of $EC o morve andior 3 TY0 distiliation point of 33070 or pore. Optioaaliy,
the fued or fued blending component can b blended with another fraction, such ax a repewabie
fraction,

{012 Insiill other aspects, a method for Ionming a fuel or fuel blending componeat is
provided. The method inclades Sactionating s orade off 1o form at least a resid-contalning

fraction, the orade off having o final botling potnt of 330°C or more, 8 paphthenes © armats
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vohune ratio of 3.0 or mors and & salfur content of 0.2 wi%s or less. Adduionally, the method
inedodes hedrotrenting the restd-comabning fraction to fors 8 hydrotrented residbcontaining
fraction ncluding the fael ov foel blendivg component.

BRIEE DESCRIPTION OF THE DRAWINGS

L E R Fi3. 1 shows compostironal infemation for various orude mils,

{01d]  FHG. 2 shows compositionsd information for various crude ofls,

{0015 PG 3 shows modeled compositional values and propersies for varions resid bedling
range fractions.

{8016} FIG. 4 shows compositional values and properties for vartons resid boling range
fractions.

DETAILER DESCRIPTION

it I varions aspents, 1 has been anssperiedhy found that sorms crude oils 7 Sactions of

crode oils from shale petrolenm sources are wniguely swited to manafiicturing of s eliva clean
resitual marine fuel, Due i part 1 a fow level of sulfur, mirogen, carbon residue and other
contantnants, such aclected crudes and bottons can by hydroprocessed (o remove sulfur and
nitrogen 1o & level comparabde (o byuefied natural gas {LNG). Because of the lfow slarting level
of sulfar andfor nitrogen, the soverity of the hvibroprocessing that 15 necded for the crade oit oo
bottoms fraction in onder 1o remove sulfur to a level that i comparable to LNG 13 reducsd o
minmized. This can alfow the rosulling manne residual fuels (o have low carbon infensity, low
SOx and NOx enusston and tagh energy dessity, Since the hydroprocessed finotions correspond
to a fuel off product, the resulting mavine fuel van be used in existing flests, and con be
distributed i oxisting bunkering svstems. This van allow for more rapid scale-up and deplovmen
of the fuel. Addittonally, becmse the marine fuel §s not g orvogenic iguid, there §s no boiloff o
nranage, which can reduce ovmininuze fael bandling and stormge conogvos refative 0 ING.

HEH Y I this discussion, an vlira clean residual narine fied can correspond to o vesidual fusl
with an ypexpected combination of properties. The fue] can tave o sulfar content of T80 wppnt
ot less, or 160 wppm or less, or 10 wpps or less, or 5.0 wppr or less, sach as down 1o 0.1 wppm
or possibly still fower, An ultre clean marine fie! can also have g nitrogen content of 10 wppm
or fexs, of 3.0 wppm or less, such as down & 0.1 wppm or possibdy still lower, Additionally, the
nuove cavhon residue content of the fuel can be LI wt% or feas, or 103 wits or less, sach as down
to having substantially ve odon cacbon residue contert {Jess than .1 wits), Sull other bengfiond
properiies of an aliea olean residial mavine fuel can be low density and kinematic viscosity.
Based m part on the reduced level of aromatics, the density and kinematic viscosity at 30°C of

the fuel can meel various types of resicual fuel specificattions withont the need for blending a
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distiflate fraction o thax e the fugl, This pen allow the rexaduad fuel torhavae 8 Hash podnt of
FOON ov maowe, o 1300 oy more, wich a5 ap © 230°C or possibly sl bigher,

{6619} o some aspects, the sromatics content of the ulira clean residual fuel oil can be 8.0
Wit 1o 25 with, or HEwi% 10 25 wity, o 12 wif 1o 25 wit, or 5.0 withs 1o 20 wite, ov 10 withh
0 20 wite, o 12 wi%h 10 2 e, or B et to 13 wids,

{0020] By formung an ulirg olean residual Ruel oll, the amount of SOx emissions gensuaied
during vse of a fust ol can be reduced or mindadzed, so that the sabfur emissions when using an
altra clsan residual fael oif are within 20% of the emissions level that would b generated when
astrg LN as o foel, or within 3% of the eonussions level, or within 10%,, soch as doven o
having substantiably the same sulfir omissions level as would be genersted when using ING asa
fuel, Additinnally or alternately, the NOx smissions andfor the sou genersied by combustion of
the witra clean resudnat fuel oif can be comparable (o the smissions level for sy NG andior
reduced relative fo a conventional fuel By having a suliciently low plirogen content, the
airogen emissions frony s altra clenn residual maring fuel cim be compirable w8 ING fuel. By
haviag s fow aromatics content, the amount of 300t generated by combustion of the ultva clean
residual maring fuet can be reduced or minhmived.

{6821 DBecause of the fow juttial sulfor content and low nitrogen content of g botlows
fraction from a selectad srude o, such a bottoms faction can be hydrotreatsd under lower
severity condittons while sl achieving & solfiw level of 130 swppm or less and 8 nitvogen fevel of
100 wppnn r fess, For a vomeentionad resad fraction, the starting sulfor content con be Lo wido or
more, Hydroprocessing such a conventions! resid fraction o achivve sulfir content of less than
1000 wopm typivally requires conditions that are severe enough 1o perfonm substantial boiling
point conversion of the feed. For example, substantial portions of the 363°C+ components 1y
such g vesid can e vonvenad w0 fower botling components, such as conestyion of 20 wils or
more of S63°CH components 1o lower boiling components, or 40 wits or more, This substantial
anonant of covversion s g clear ndicator of bigh severity hydroprocessing, leading 10 imoreased
carbon fntersity,  Additionatly, based on the Iow density and fow Rivematic viscosity, a
hvdrotrentod distiflate fux does not need o be blended with the battoms fraction to mest many
resichsal fuel specifications. As o resull, an uliva clean restdaal fusd ol can have a redoced or
nuniuiaed carbon ntensily relative to an wltis fovw sulfur el odf formed from @ conventivmal
SORIVE,

{6221 St arther properties of an ultrs clean residust marine fuel composition can inchude g

density at 15°C of B8 kgim™ to 94 kgdm', or 800 kg'm® to 900 kg/m” or 800 kg'm®™ 1o 860

ko, or R0O kg'm® to B8 kp'm'; a kinematic viscosity ot 30°C of 5.0 ¢St 1o 100 ¢St or 5.0 ¢%t
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0 40 oS, or 5.0 of o 20 ¢34 8 hinematic viscesity at 1O0°C of 2 oS w 15 oSt a viscosity index
of B0 or move, or H0 or more, or 11 or more, o 123007 move, such as up o 130 or pmwbh sull
higher; 8 CUAT of 730 o T80, or T3MHo 760, 1 Buvean of Mines Corvelation Index {BMCH) of 3¢
or 1ess, or 40 or less, or 30 or less, or 15 or less, such as down o 5 or possibly still fower; an
snergy conttent of 43,6 MIdky or more; and 8 powr point of ~10°C or higher, or -5.0°C or higher,
o §°C or higher, or 10°C or higher, or 39°C or biigher, such as up to 40°C or possibly still higher.
{8023 fn some aspeets, the ultra clean residual marine fuel composition can correspond 1o an
apmospheric resid fragtivn, with a T10 distillation potnt of 320°C or move, o 330°C or mawe, In
other aspects, the oltva olean residual mavine fuel composition cap correspond (o 2 vatuum vesid
fracoon, with g T disnllation point of 07T or more, or 425°C or more. In sorue aspents
wheve the sulfar content i redaced to b wppm or fess, or W wppn o fess, of 5.0 wppm oy lass,
the T distitistion potat can be 325 or kees, o 300°C or lesss. In some aspects whers the
sulfur content 1s 35 wppm o 180 wppay, o 30 wppnt 0 130 wppm, the THO distiflation pobnt can
be S25°C or morg, or 33°C or more,
{8834} Iry somee gapects, an altra clean restdeal marine fuel as desoribed herein sy be
blended with one or wore renewable blending components to further reduce carbon ntensity and
erhiance proporiies. An ultrg clogn residusl marine fuel can glso be gu sdvantaged blend
component with conventiomal blending conyonents doe o #s benefimal combination of
properties, such as fow satfin, low nitrogen, and high satural cotawe. Beonne of this conbination
of properties, an vlira clean residual marine fuel can be used 1o uperade kvwer guality streans
oo, higher sulfir, higher density, lower vetane) o the marine fwel pool.
{6825 In this discussion, renewslde blanding components can correspond 1o renswable
distillate andior vacuem gas ol anddor vaconam resid boiling range components that are
renewable based on one or tiove attnibutes. Some renswable blending componenis can
vorrespotul 1o componenss that are renswabls based on being of biclogical origin, Examples of
renewible hlending components of Biodogical ortgiy can include, but are not Himited to, fatty acid
methy esters (FAMED), faity acid alky? esters, biodiesel, biomethanol, biologieally derived
dimsethy! ether, oxyvmethylene ether, Hguid derived from bisnass, pyrolvsts prodocts from
pyrobvsis of Momass, prochucls from gasification of bomass, and hvdrodrested vegetable il
Other renewable blending components con comespond o compenents that wre renewsble based
on belng extrscted o @ resenvoly paing renewable soergy, sach s petvolewm extracted frowm a
FESETVOR USIDE an exfraction method that is powered by renewable snergy, steh gs electnicity
gonerated by solar, wind, or hvdroslectnie power. Sl other renewable blending components can

correspond 1o blending components that are made or provessed osing renewable eoergy, soch as
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Fiseher-Tropsch distillate that 1y foemed using provesses that are powersd by renewable sneray,
or copventional petrotenn distiltare that Is hadroprocessed { otherwise vefinery processed using
reactors that are powered by renewable energy. Yet other renewable blending components can
vorrespond to fuel blending components formed from recyehing andioy provessing of mupmcipal
aolid waste, or another sowrce of cavbon-contaiming waste, An example of processing of waste is
perotysis andior gasification of waste, such as pasification of municipal solid waste.

{8026} The lower carbon tensity of 3 fusl containing at least a portion of an ulirs clean
resicdual marine fuel as described hersin cun be realizad by using a fuel comtaining at lsasi a
partion of sech m et clesn residual manine foehin any conversent type of combustion powerad
device, I some gspecis, a fuel containing at least a portion of an ultra ckean residual murine fuel
as described herein can b naed as fuel for & combustion engine i a ground transporiation
vehicle, 3 marine vessel, o another convemies type of vehicle Still other types of combustion
devices can nclade penerstors, furnaees, and other combustion devices that sve used to provide
gt o power.

{8827} Based o the umexpecied combinations of compositional properties, the alira clean
residual maring fuel compoitions can be ased o prodace fuels andéor fuel blending products that
also geverate reduced or minimized anounts of other undestred combustion prodhcts, The other
andesired combustion products that can be reduced or puninnesd can include sulfvr oxids
compeords (SN, mitrogen oxtde compoends (NG, wnd seot. The Tow salfie oxdde production
s chug 1o the unexpectedly b sulfur content of the composttions. The high naphtheves
arpmatics ratie can allow for a cleanser burning fuel, resulting in less fncomplete combustion thit
produces soof. The lower nitrogen oxide production can be dug 1o a corresponding fow nitrogen
cosstent that is alse obsarved in these ko carbon ntensity compositions.

HH Y Tt has boon discoverad that selected shale orde ofls sve exmnples of erade oils haeving
an unexpeuted combinatiosy of high salwraies content, a fow sulfr coment, and low nitrogen
content, bvvavions sspeoly, & shale ol fraction can be wcladed as past of » fuel or fued blending
product. Examples of shale oils that provide this uoexpecied combination of properties include
selected shale oils extracied from the Pernddan basin, For convenlence, unless otherwise
specifind, it is understond that references o icorporation of a shale oif fraction into a fuel alse
inchede incorporation of sush a fraction o & fael Mending product.

Definivions

{829 Al numernical values within the detailed deseription and the cladms hevel we
modified by "about™ or “appro<imately” the indicated valoe, and take into accoont experinental

error and variagons that wouk! be expected by g person baving ovdinary skill in the ant,
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{8038} fs this disvussion, o shale onrde ol i defined as a petroleum product with s fingl
hoiling point grester than 330°C, or greater Sy SHFC, that bs extracted from g shake petrofeam
source. A shale oil fraction is defined as 2 bolling range fraction derived from a shale orade il
jaa3y nless otherwise specifind, distillation pounts and borling points can be deternuned
according o ASTM D28R7. For samples that are not suscephible o characteration using
ASTM DIERT, D769 can be wsed, 115 noted that still other wethods of bothing point
characterization may be provided n the examples. The values generaied by such other methnds
ars balieved i be indicative of the values that wiidd be obtained under ASTM D2RET andinr
DTIeN.

{68331 In this discussion, the distillate bothag range is defined as 170°C w0 366°C. A
distiltate bothing vange {action is defined ax » fraction having o T10 distillation point of 170°C or
mrore and & TH distillation poitd of 363°C o less. The dissel boiling range 15 defined as 170°C
(0 3T0°C, A diesel hodling range fraction is defined as 8 fraction having a T10 distifation point
of 17C or more, a final boiling point of 300°C or more, snd & T9O distillation pont of 370°C or
lesy, An atmospheric resid 1s defined ax 2 bottoms fraction baving & T distillation point of
1495 o higher, or 330°C or higher, sueh as & T distiliafion poind up to 200°C, The vacsam
gas o boiling range is defined g5 370°C 10 5365700 A vacoum gas off boiling range feaction {also
rferred 1o 5 a hewvy distiliate) can have s T10 distiliation point of 350°C or higher and 2 THO
distiflation point of 333°C or Jess, A vaown resid 1 defined as a bottoms fraction having a TH)
distillation pobt of S00°C o higher, The naphths miimg ramnge s defined as voughly 3C o
PFPP0. Bois noted that the hoiling poiut of Cs pavaffins 18 roughly 30°C, so the naphtha boiling
panze can allersatively be referred to as Ca - 1T7R00 A naphtha botling range faciion is defined
as @ fraction having a T distillation potmt of 30°C or mwove and a T distiliation potmt of 177°C
or feas. B s voted that the definttions fr distitlate botling range faction, kerosene for fot fueh
hoiling ravge fracting, diesel boiling range fraction, naphtha bofling range fraction, atmospheric
rosid, and vaveons renid ave based on borling point only. Thuss, 3 restd fraction {soch as g resid
fraction in an ulira clean residoal mavine fuel} can melode coraponents that did pot pass through a
distillation tewsr or other sepamtion stags bused on botling point. A shale of resid factipn is
defined as a shale ol fraction corresponding 1o a resid botling range {atmospheric resid or
vavwam reaid)

{033 I sonme aspodts, a shale off Fraction tha is Insorpornted tndo o faed ov Bl Blensding
product can correspond o a shale off fraction that has not been hvdroprocessed sndfor that has
not boen oracked. In this discuasion, 8 now-hivdroprocessed fraction 1§ defined as a fraction that

has not been exposed {0 move than 10 paia of hydrogen in the presence of 2 citalyst comprising &
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Group Vimetal, o Group VI metal, 2 catalyst comprising g veolitic framsweak, or s
coambination therest. T this discussion, 8 von-ovacked fraction s defined sx o fraction that bag
not been exposad fo g temperatare of 400°C or move,

{0344 In this discussion, a hydroprocessed fraction refers fo 3 hyvdmearbon faction andior
hydrovarhonaceous fraction that has beon exposed to a catalvst having hydroprocessing sotivity
in the presence of 300 KPa-a ov move of hydrogen at & tewmperature of 200°C or more, Exanples
of hvdroprocsssed fractions nclade hydroprocessed distillate fractions (e, 8 hydroprocessed
fraction having the distillate botling range), hvidroprocessed kerpsene fractions {Le, 8
hedoprocessed fraction having the herosene botling range) snd hydroprocessed diesel fractions
{L.e, & hydroprocessed fraction baving the diesal botling range). 1t is voted that a bydroprocessed
fraction derived from a tological sourve, such as hydrotreated vegetable ofl, can corraspond to a
hydroprocsssed distitiate fraction, a hydroprovessed kerosene fraction, andior 3 hvdroprocessed
diesel fraction, depending on the horting range of the bydroprocessed fraction, A bydroprovessed
fraction can by hydroprocessed privor fo separation of the fraction from a crude ofl or another
wider botling range fraction.

{663s] With regard o characterizing properties of resid boiling range fractions andior blends
of such fractions with other componets 1o form resid botling ravnge fuels, avaniety of methods
can be used, Density of g blend at 13°%C (ke S m') can be determined according ASTM D402,
Sulfir On wppin or witi) can be detenined according to ASTM D622, whale nitvogen {n
wppn of with) can be deterveined gocording o D483Y, Kinematic viscostty st 3°C, 70°C,
amdior THPC o be deternuned sconrding to ASTM D448, 1 ix noted that some values qi this
discussion were caloulated acvording o ASTM D341 after determination of two other Kinematic
viscosities aocording to ASTM D43, Pour polt can be deterined according 1o ASTM DSUsG.
Cloud point oo be determingd secording to D300, Micro Carbon Residue (MOR) content can
he determined according 10 ASTM D4530. The coattent of n-heptans insclubles com be
determived according 10 ASTM D327 BMUT paed CUAT are cedouduted vatoes that can he
derived from other mensured guantities. Flash point can be determined scoording to ASTM DO
The metals content can be determined avconting to ASTM DRASG. Nitrogen van be deternined
sreovding to DIG2Y for lowser concentrations and D3762 Ry hngher concentrations, as
appropriate.

{8836 With regnd o deterpuning paralfin, vaphthens, and aromatics contents, superenitiosl
fhad chronwtography (SFC was nsed. The chavacterization was perfonned using a conumergigl
superoritical Huid chromutograpd systom, and the wethodelogy reprosents an expassion on the

methodology deserbed fn ASTM DI R6 w allow for separate charsoterization of paraffing and
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naphibenss. The expansion on the ASTM DI IS methodology was enabled by using additional
separation colinms, foallow For resolation of saphthanes and paraffing The system v
equipped with the following components: a ligh pressure punp for delivery of supercritical
varbon dingide mobile phase; temperature controlled column oven; suto~-samypler with high
pragsure Hguwid fmection vabee for delivery of sample material into wobile phase; Bame
wonization deiecier; wobile phase splitter Jow dead volume ey, back pressure regulator 1o Reep
the COx in supsreritical state; and 3 computer and data system for contznl of conyronents and
revording of data signal. For analysis, approximstely 75 mulligrams of sample was diluisd in 2
suthiliters of toloene and foaded 1o standard soptum cap sutosampler vials, The sample was
ingroduced based via the high pressure ssropling valve. The SFC separation was performed astng
multiple commercial sthicy packed columas {3 micron with sither 60 or 30 angsirom poves)
vonnevied o series (338 mm in length etther 2 mum or 4 mm ID). Column temperature was held
typicaity at 33 or 0% €. For analysts, the head pressure of cohunns was typieally 280 bar, Ligud
£ Hew e were typicathy 8.3 mbtoinute for 2 mm 1D columns or 2.0 mianingte for 4 mm D
cotumuns, The SFC FID signal way integrated into pavaifin and naphthenie regions. In addition to
characterizing aroputics sceording o ASTM DI IR6, 3 superoritical fhod chromadograph was
ased to analyze sanples For sply ol wotad pasaffing and toial naphthenes, A varicty of slanddards
smploving typieal melecular types can be used © calibrate the paraffindnaplithens sphit for
guantification,

{8037} I this discussion, the term “parallin” refors to a sstunmed hivdrocarbon chain, Thus, s
paraffin ix an atkane that doss not include 1 ring structore. The parallin may be straighi-cham or
branched-chain and 15 considered 0 be g non-ting componnd, “Paraffin® is imended to embrace
all stroctural isomerie forms of pasaffing.

{8838} T this discussion, the lerm “naphthene” refers 1o a oveloatkane (also known av g
eycloparafiind, Therefirs, naphthenss correspond o suturated ting structares, The term
waphthene encompasses single-ving vaphthenes and sudu-ning naphthenes. The moltiring
saphthenes may have two or more rings, e.¢., bwo-rings, three-rings, four-rings, fve-rings, six-~
rings, sover-nings, eight-rings, mne-rings, and fen-rings. The rings may be fused andéor bridged.
The naphthene can also inchuds vartons side chadns, such as ong or mors atked side chaing of 116
carbons.

{8834 T thiy discussion, the erm “satones” refees 1o all straight chadn, bramchad, and oyl
paraifhss, Thus, saturates correspomd 10 8 combination of parafiing and saphthenes,

LHE L In thia discussion, the tervm “wromaiio ring” yweans Hve or six aloms joined maring

struchure wherein (1) ot least four of the mtoms joined in the nng strocture arg carbon atoms mnd
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{1} 3l of the carbon wioms joined in the dog structure wre sromstio sarbon atoms. Thavetorg,
grovtic rings correspond 1o nsehrated ving stroctes. Aromatic carbons con be identifted
asing, for example, VC Nuclesy Magnetic Resonance, Aromatic rings having atoms sttached o
the ring fe.g., one or mors heleroatms, one of mors carbon atiuns, eted but whach ave nod part of
the ring structure are within the scope of the farm “aromatic nng.” Additonally, it is noted that

nag stractures tha inchude one or move heteroatoms Gach gs sulfing nitrogen, or oxygen) an

correspond to mn “aromatic ring™ i the ring struciure ntherwise falls within the definition of an
Taromatic ring™

{6841} Ty this discussion, the term "pon-aromatio ving”™ means four or mord darbon gtoms
joned b at least one ring structure swherain at least one of the four or more carbon atoms in the
Fing structure is Ot an aromatic carbon aom. Non-aromatic rings having atons attached to the
ring (&g, ong oF mors heteroatoms, s o move carbon stoms, &}, but which sre not pant of
the ring structure, are within the scope of the fsem “non-aromatic ring.”

{0042]  In this discussion, the tenm “rromatics” refers to gl coonpounnds that inclade at least
one aromatic ring. Such compounds that inchude at least one aromatic ring nclade compounds
that have ong or more hvdrocarbon substituents, 1t is noted that a compound inclading ot least
one gromatic ring and gt least ong non-aromatic ting falls within the defintbion of the tenm
“aromatics”,

{43 i poted that that some hydrocarbongs present weithin a feed or product may 5l
outsisde of the definttions for pavallivs, nophthenes, sud avomaties. For sxanple, any alkevey tht
arg not part of s wromaie compound would Tl outside of the above definitions. Similwly, non-
arsmatic compounds that inclade a heteroatony, such as sulfur, movgen, or nitrogen, are nol
inchaded 3n the defimition of paraffing or nupbthenes.

Lafe Cyole Assessment and Carhon Intemsity

juidd]  Life ovele assessment (LOA) B 3 method of quantiiving the "conmyprehensive”
envivomnens! npacts of masufictored products, fachading fuel produocts, from "oradle w0
grave”. Environmental fmpacts may ncloede weenhouse gas (GHG) envissions, freshwater
impacts, or other impacts on the eaviromment associated with the finished product. The genersd
guidelines for LCA are specified in IS0 14080

{6845} The "carbost fntenity™ of & fied product (og. rosiduad fueld i defined as the e owele
GHEO wmissions assootuad with that product (ke COzend relative o the ensrgy conteat of that
fued product (M, LRV basish. Life cyele GHG enuissions gesociated with fuel products must

inchude GHG amissions associated with crude off production: arude off tansportation o a
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refinery; refining of the cnrde oil] franspertatinn of the relined product 1o pednt of *fill"; and
coambastion of the foel product.

{6846} GHG envssiones associated with the stages of vefined product B oyoley are nsses

as follows.

g7y {13 GHG eovssions sssociated with dadhing and well completion - inclading hydvadic
fracturing, shall be normadived with respect to the expected vlttmate recovery of sales-quality
ords ol from the well,

{8848} {23 AL GHG smissions ciated with the produstion of otb and associated gas,
ichdiog those assoctated with (0 operation of setificial T devices, (D) separstion of ol gas,
aud water, {¢} crude ol stabilivation andfor nperading, among other GHG enussions sources shall
he aormalized with vespect to the volune of off transfrred o sales {e.g oy orude ofl pipslines of
rail)l. The factions of GHO emissions sssociated with production equipment to be allocated o
erude ofl, nstursd gas, and other hydrocarbon prodocts {e.g. natarsl gas Bguids) shall be specified
aveordmnee with ISO 14040,

{6849} {33 GHO emissions associated with rail, pipeline or other forma of transportation
between the production »ite{s) to the refinery shall be novmalired with respect fo the volome of
crude ol transferred 1o the refinery,

03] () GHO simissions assoviated with the refining of orude oil to make Hguefisd
patrolesny gas, gasoling, distillate faels and other prodacts shall be assessed, exphicitly
aveounting for the maerial Sows within the refinery. These enusstons shall be nonmalized with
respect 1o the vohane of trude oif refined.

{8051} {33 All of the preceding GHG amissions shall be summed o obiain the "Well o
refinery” (WTR) GHG nteastty of orade oif ey kg Chegbbl cnde).

{8853} {0} For cach refined producty, the WTR GHG smissions shall be divided by the
product vield tharrsds of refined productbarels of crude), and then nusltiphisd by the share of
refinery GHO spectfio o tha refined prodoct. The allocation provedure shall be conducted in
accordsmee with ISO 14040, This procedure viekds the WTR GHG imtensity of each refived
product {e.2. Bg COrogbb gasolinel.

HHTRY {7y GHEO emissions associated with rail, pipeline or other forms of fransportaiion
betwaen the refinery aud point of Toeling shalt be normalized with respest (o the volume of each
refined product sedd. The swm of the GRG sanissions assoviated with thas step and the previous
step of this provedure is denoted the "Well 1o tank™ (WTT) GHG intensity of the refined product.
{0841 {RYGHG aovssions associated with the comsbustion of vefined products shadl be

assessed and normaiized with respect 1o the volume of sach refined product sold,
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{8035 {93 The “carbon intensity”™ of each relfiuned product is the sum of the combustion

emiystons (ke COweqbhil

K

s the "WTT" emissions (hy COegbbll relative W the energy vahse
of the refined ;}r{}d}.xc t during combustion. Following the convention of the EPA Renewsble Fuel
Standard 2, these emissions are sxpressed i terms of the low hesting value (LHV)Y of the fusl,

L CCeg MU refined product (LHY basial

{0036] I the gbove methodology, the dominant contribution Tor the amount of €O praxtuced
per MY of refined product is the €O formed during combustion of the prxduct. Bevause the Cs
gensrated during combustion is such a high perosniags of the total carbon itensity, achieving
even srad] or incronsental reductions in cavbow intensity bas waditionally been challenging. Tn
varkous aspects, 1 has been discovered that resid fractions derived from selecied erude oils can be
waed to forny fusls with reduced carbon ntensiies. The selected crude oils correspond 10 orads
oils with high naphthenes to aromatics rating, low sulfr content, and a low but sabstantial
arpamatics content. This condbingtion of Teatwres can allow for formation of g resid Baction from
the crude ol that reguives # reduced or mindmized smoust of relinery processing dn order o pake
a fuel product sadior fusd blending rodect tha corresponds 1o g alg clean seatdual maging
fael,

{857 In this discussion, 8 low carbon intonsity fued or fued blending product corresponids (o
g fusl or fnel blending product that has reduced GGHG emissims per unit of lower of heating
vahue vedative to a foel or foel blending product devtved from o conventional petroleam sowrce.

{n sone aspodty, the reduced GHG emissions can be due 1o part © reduced relinery procsssing.

For example, fractions that are not hydroprocessed for sulfur removal have reduced well-to-
refinery enuissions relative o fractions thal require Inedroprocessing prior fo incorporation o 8
foel, I varions aspects, an unexpectedly e weight ratio of naphthenes © sromatics in a shade
oif fraction can indicate o faction with reduced GHG smissions, aud therefiwe a lower sarhom
indsnsity,

{038 Another indivator of a lose carbon intensity foel con bea reduced or myinimied
pHrogen content. Atmospheric resid facudons snd vacoum resid fractions derived from
conventional crude ails tvpically have & substantial nitrogen contamt prior 1o hedrotreatment.
Because pitrogen content iy not resiricied i the specification for many types of marine fusly, the
hedrotreatment of & residual Faction 13 typically Tocused on reducing sulfuy to o Jdesired or targsd
level, Do o diffionites with rewoving attrogen ot slevated tovels with vonventiongd
hydrotreating catalvsts and conditiong, even vary low sulfur marine fuels often still have s
subsiantial pitrogen content. By contrast, the wlira clean marine resichat fuels descnibed heremn

are derived from restd Fractions from seloctad crade oils (such a3 selected shade crude oils) thay
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have lower imtial nitrogen cowtents. This san allow the reduced severity bvdrotrsatment
comditions ased for redecing salfier to 159 wppm or Tess toalse be safftctent for reducing the
nitrogen covtent 1o OO wppm or Jess, or 20 wppm or less, or 10 wppm or less, such as down o
1 wppm or possibly still fower. B is notad that for orads nils with higher nitrogen content, the
fgh nifrogen conlent can canse addittonal diffcalties during hydroprocessing due 1o suppression
of catalyst sotivity, &t fower slarbing wiiroges conlents, such a5 mitrogen contents of 1000 wppm
o feys, the mmount of wirogen removal {on 3 percentage basis) during hvdrotreatment can be
roughly propoationad to the amount of salfur removal, At highsr nifrogen contents, the nittogen
can soppress the activity of a hedrotreatraent catalyst for nitrogen vemoval, so that the percentage
of nitrogen removed is decreased relative to the percentage of sullar removal.

LERN Yet other wavs of reducing varbon itensity fiw a hydocarbon fractio can be vedated
to methods used for sxiraction of a cnwde ol For sxample, carbon intensity for a fraction can be
reducad by using solar power, hydroelectnic power, or snother renewable energy source gs the
power suuree for equipment trvedved in the extracuon process, either during dilling and well
completion andior during production of crude off. As anothsr sxanyde, sxtracting vrade off from
A extraction st withool astng arbficial R can vedace the carbor intensity associated with a
fael

Hydroreatment of Resid Fractions o Form Ultra Clean Marine Fuel Oils

N I various aspests, a fraction inclading on atmosphenie sesid portion andior » vaomen
resud portion dertved from g selected orade off {such as w selected shale ovude oy van be
hedrotreated in one or mrove hvdrotreatment stgges to produce @ fraction including an yltra clean
marine fael oil. Optionally, the fraction meluding the resid portion (stmospheric resid or vacuum
restd) can correspond 10 the whole crude oif, Alternatively, 8 separation can be performed on a
crude or orude factiow to form the fradnon imcluding the restd portion. Afler hydvotreatiment, the
fvdrotreatsd eiflnent can optionally be separnted to forn an aliva olean marine residual fuel
andior foet Mending prodict. Ahernatively, I sofficient separation is porformed prior to
hydrotreatioend, an vliva clean manoe residual foed andfor fuel blending product can be formed
by remaving gas phase contantaants and other Haht ends from the hydrotrested efffuent.

{sasty I variogs aspects, the fraction incheding an stnwospheric resid can be exposed 3 8
hedrotreating catabyst wnder effective hydrotreating conditions. The catalvsts wsed can ivclude
gomventions! hedroprocessing catabysts, such ay those comprining af least ove Groug VI nons
noble metal {Columas 8 - 10 ol JUIPAC periodic table), prefeombly Fe, Co, andior Ni, such us Co
andfor N and at feast one Groap VEmedal {Colomn & of TUPAL periodio tablel, preforably Mo

ansfor W, Such hydroprocessing ostabysts optionsity nclude rransition mstal sullides that are
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wyrrepnaied or dispersed on o refractory suppont or carrier such as aluming andéor silics. The
suppost or carrter self typically bas no sigpificanthocaneable catalytio setbvity, Substantially

, conunonly referred 1o a3 bulk catal

cartier- or support-free catalysts . genevally have bigher

visumsinie sonvities than their supporied cowdsrparns,
jaa62} The cotalvats can evther be in balk fonm ov in supporied form, Ty addition to alonning

ansdior sthog, othey suttable snpporticartier waterials can inclopde, but are not Himited o, weoliey,
titania, sihica-tianda, and tHama-slanung, Sutiable aluniings are porous ahamings such as gamma

or ety having average pore sizes from S0 10 200 &, or 73 1o 150 A a surface area from 100 10 300

soor P o 356G e o and @ pore volpme of frowe .25 (0 10 cms roor L3S o D8 e

et

More generally, sny convenient size, shape, anit/or pore size distribution for a catalyst suitable
fir hydrotreatment of 3 distiliate (acluding lubricant base stock} boiling range fred ina
conventional manner may be usad. Preferably, the support o carrier material 18 an amorphous
suppott, such as a refnctory oxide. Prefembly, the sopport or cartier matenia can be free or

substantially free of the presence of molecndar sieve, where substantially free of molecular siove
is defined as having a content of nrolecalyr sigve of texs than about 0.01 widt.

{6863} The at least one Group VI non-noble metal, i oxide form, can typically be preser

i1t gu gmound rgnging from abowt 2 with o gboot 30 widh, preferably frowm abow 4 with {o gbout
15 withh, The ot lesst one Group V1mstal, in oxide form, van typically be present in am amount
ranging from abowt 2 with 1o about 7O with, profevably for supported catalysis from shoat & wile
0 abont H wih or Troon about 10 wide o shout 30 wite. These weight pevcents ave based ou the
total weight of the vatalyst, Suttable metal caralysts include cobaltymeolybdenum (1-10% Co as
oxide, T0-40% Mo as oxide), mckelimohdbdenum (1- 1% NI as eoide, 10-40%: Co as oxade), or
pickeltungsten (1-10% Nt as oxide, 1H0-30% W as oxide) on shanina, stlica, sthica~aluming, or
RIRLTNS

HHHS T The hydrotreatiment i carried out in the presence of hydrogen. A hydrogen siteam s,
therafore, fod ov lnjected nto a vessel ovreaction zome or hydroprocessing wone f which the
hpdroprocessing catalyst is located. Hovdrogen, which is contained i a hydrogen “treat gas” is
provided to the reaction zene. Treal gas, u5 roforred @ in this disclosure, can be either pure
hydrogen or & hydrogen-contaiming gas, which i3 8 zas stream containing hyvdrogen in an amount
that s soeflicient for the intended reachionis), ophionally welading one or more other gagses {e.g
gitropen snd ight hydrocarbons such as methsme). The trent s stream wntroduced o a
reaction stage will preferably comtain ot least abowt 30 vol. % and muore preferably ar least abowt

T3 vol % hydrogen, Optionally, the hydrogen treat gas can be substantially free (ess than |
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vol%e) of impurities such as M8 and NH: anddéor such nparities can be substuntially removed
fromy g ead gas prior 1 ase.

{0865]  Hydrogen can be supplied at a mate of frow abost 100 80P (standard cubic foetof
hydrogen per barre! of fead) (17 N nw'} to about HKE SCFHR {1700 N i), Prefurably, the
fvdrogen is provided in a range of from about 200 SCFE (34 No¥an®™) to about 2500 SCFB
(420 Nar'ior'). Hydrogen can be sapphied co-carrently with the input feed 1o the hydrotreatment
reseter andior reaction zame oF separately vig g separate gas condutt 1o the hvdrotreatment zome,
{0066]  Hydrotreating conditions can inclade temperatures of 200°C 0 450°C, or 313°C w0
A25°C; pressuves of 50 psig {18 MPagy to 3000 puig (34,6 MPag) or 300 psig (2.1 MPagd to
3000 psig (2008 MPag): Hauid howrly space velocities (LHSVY of .1 brf o 10 1™ and Bydrogen
treat pates of 200 soff B {356 whan Hio 10000 seB (1781 mY ™), or SO0 {89 miim’) to 10,000
<effB {1781 i

joeT] o some aspects of the disclosure, the hydrotreatment stage{s) oan reduce the suifr
contant of the feed & a suttuble Ievel. For example, the solfir comient can be reduved to 15340
wppin or less, or F00 wppm or less, or 30 wppm or less, ov 10 wppn or Jess, or 340 wppnn or ess,

such as down to .5 wiypsm o possibly stll lower.

Charscterization of Shale Crude Cils and Shale Od Fracticus ~ Geoend

{6868} Shade cvude oils were obtwined Fom g plurality of different shale of extraction
sources. Assays wore performed on the shale orude oils 1o determine various coprpositional
charscferistios sid properties for the shale crude pils, The shals crude oils were also fractionated
£ form various types of factions, including fractionation nte slmwspharic resid fractions,
vacwsn resid fractions, distiflate fractions {ncluding kerosene, diesel, and vacmu gas ofl
boiling range fractions), and maphtha fractions. Varous types of characterization audior assays
were alse performed on thess additional fractions.

{6669} The characterization of the shale crade osls amdbior orade off fractions fnchuded 2
vavtaty of procedures that were used to generate dut, For sxanple, dats for bothing vangss and
fractional distillanon poins was penermed using methods simtlar to compuositional or pssudo
vcompositional analyvsis such as ASTM DERRT. For compositional features, such a5 the amounts
of paralfins, fsoparaffing, olefus, naphabenes, andfor aromatios 1 a crade off andior erade ot
fraction, data was generated nsing snalyiical techaigues such as high prossve liguid
chromatography (HPLOY andfor gas chronmatography — mass specironseley {GO-MS Y Thda
related to powr point was generated weing methods similar to ASTM DO7. Data related to doud
poiut was gonerstod using voethods sinular 10 ASTM DR300 gndior ASTM DI Data related

1o Hlash point was penerated based on volattlity calvulanons. Data related to sulfur content and
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nivogen comtent ofa conde ol sdior orude off Haction was penersied uxing methods simidar o
ASTMDIAZZ, ASTM D294 ASTM D3, ASTM Da3% andior ASTM D762, Duts related

1o carbon comtent andfor hydrogen content was caloulated based on the compositionad aoal

Diata related to density {such as density &t 159C) was generated using methods similar to ASTM
L1308 andfor ASTM DEGS2. Daata reloted to kinematic viscosily (such as kinematic viscosity &t
40°C or S0°CH was generated using methods similar to ASTM D448 aaddor ASTM D702, Data
refated to mucro carbon residue (MUR) content was generated using methods similar to ASTM
D1&S andior ASTM D4330, Data related i oxtame index was caloalated fromy fractional
distitlation wsing teclyngues shmilar o those represented i the American Petrolewn hstitute
Techmcal Data Book, Data redated 1o acid number was genersted using wethods sinular to
ASTM Dood, ASTM D3242, ASTM DRO4S.

{7 The data and other messurad valuss for the shade orude oils sud shale off factions
were then incorporated o an existing data Hirary of othey represestative conventional and non-
canventional crude oils B use i an empirical model. The empincal model was used o provide
predictions for compositionad characteristivs and propesties for some additional shale off fractions
that were not directly characierived expenmentally, In this discussion, data values provided by
s empincal wode! will be deseribed as modeled dada, o thus discussion, dads values shat are
aot oaherwise labeled as modelsd dats corvespond (0 measured values andfor values that can be
directly dentved from muasered valoes, An example of sach an emplvieal wmode 18 AVEVA
Spiral Subte 20193 Assay by AVEVA Solutons Limited

{ea71 FIGS. | and 2 show examples of the unexpected combinations of properties for shale
erude oils that have g high weight ratio andio volume ratio of naphthenses © aromatics. In FIG
1, both the weight ratio sad the vohane atio of naphibenes to aromatics 15 shown for five shale
crude oils velative o the welght § volume preosatage of pavallins in the shale crede ofl, The top
plot tn FIG. 1 shows the welght ratio of naphthenes 1o aromatics, while the botion plot shows the
volame ratio. & pheality of other representative conventional crades are also shown in PIG. | for
conwparison. As shown in FIG. 1| the selecied shale orude eils described berein have a paraffin
content of greater than 40 wi while alse having a welght ratic of naphthenes b aromatics of L8
or more, Simitbarly, as shown i FH3 1| the selected shale crude oils deseribed hevein have a
paraffin contens of greater than 48 vol¥% while also baving a weight ratie of paphthenes to
seountics of 10 o more. By contrast, song of the conventiona! crude otls shown i FIG. | have
a sinudar combination of ¢ paraffin comtent of greater than 40 wi%e and & weight ratio of
naphibienes to arematics of L8 or more, or a combination of pavalfin content of greater than 40

vol®s and & weight ratio of naphthenes o aronunies of 2.0 or move, 1t has been discovered tha
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this unespected combination of naphihsnes to sromaties ratio and paraifin content is prosent
thronsghout various fractions that v be derived from such selected erade oils,

{6872 In PR 2, bothuhe volume ratio and weight ratio of napbthenes 1o sromatios is shown
for the five shale crude oils i FIG. | relative to the weight of sulfir in the crude. The sulfwr
content of the orade i FIGL 2 s plotted on 2 fogarithunic seale. The top plot in FIG. 2 shows the
weight ratio of vaphihenes 0 aronatics, whale the botiom plot shows the volume ratio. The
phurality of other represeviative conrventional erude oils are slso shown fow comparison. As
shown i FH3L 2, the selacted shale crude oils kave naphihene (o aromatic vidume mtios of 2.0 or
move, while all of the cowventional crude oils have naphthene to aromatic volume rados below
1.8 Similarly, as showa in FIG, 2, the selected shale cradde odls have naphihene to mromatic
weight ratiox of 18 or morg, while sl of the conventional crude oils have naphihene to sromatic
weight ratios balow 1.6, Additionally, the selected shale crade oils have a sulfur content of
roughly 01 wt% or fess, while gl of the conventionad orude oils shown in FIG. 2 have a splfnr
content of greater than (.2 wie, I has been discovered that tis unexpaeted combinapion of high
naphthens o aromatics ratio and low saifie o prescnt within various fractions that cun be dertesd
frorg such selectad crade otls. This unexpected combination of properties contributes o the
ability to produce low carbon tuteasity Tuels from shale ot factions sndfor blends of shale ol
fractions derived from the shale crade oils.

Chassclsrvaton of Shals Ol Prsiions ~ Hydiotreated Resud Fractions

{8073 B warious sspeets, hydrorented resid Factions a8 deseribed berssm can be used as g
fuel fraction, such ax an ubtrz Clemy residual mariue fuel andéor fuel blending component. The
enmbination of low iy, low nitrogen, and low aromatics content can allow 8 hydrotrested
resid fraction as described herein to be vsed as an ultra clean residusl vaasine fuel with g redoced
or miningzed pooant of vefinery processing.

BRrM O FHG. 3 shows msasured values Ry an slnwosphenic resid fted derived from o selesied
shate off fracton and a corresponding hvdrotrented effhuent from bhydrotrenting of the

N

atmospheric resid feed. FIG. 3 also shows some comparative values for Hquelied nansval gos
{LMGY, a previcusty described bvdrotreated vecuum resid (from LS Patemt 9.920270), and o
previoasly deseribed hvdrotreated product made comrssponding o the bottoms of & hvdrotreated
catadviie shurry ool {rom LU Patent 10,047 2091 The measared atmospheric resid compositional
featuves snd propevties o FEG 3 ave based on an atmospheric resid produced ustng an mittal ost
potnt of roughty 371°C, This resulted in an indtial boiling point between 330°C and 370°C; 2

T10 distitation point betwesy 300°C and 410°C, or between 370°C and 21070 and a THO

¢

distillagtion point gremter than $30°C, such as up 1o 600°C or possibly sull higher, Due n pant w
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the Josw sulfar content of the feed of tess than 300 wipm, 8 relatrvaly low sevarity resid
hydrotreating process was able o reduce the sulfin content i the product to 3.0 wppny or fess.
However even at fower severity, because mwore than 940 witls of the sulfr was removed, a
substantial amost of boiling point comversionywas perfonmed. This can be ssen, fr example, in
the difference bebtwenn the T90 and finad bothog points for the feed and pmdw:i i FIGL 3,
LR Another feature of the hydrotreated vestd fraction shown in FIG. 3 s a low nitrogen
content. As shown in FIG. 3, the hydrotrested resid fraction has a nitrogen content of 3.4 wppm
or fexs. This is in contrast 1o the conventional hydrotreatad rasid fraction from LS. Patent
8220270, vwlach bas a rdwogen comtent of greater than 1000 wppen, Dhae to the sobstantially
higher nitrogen content, the conventional bydrotregted vacuum resid would generate substantially
more Ny than the low mirogen contert hvdrotraated atmosphienic resid shown in FIG. 3.

{76} The hvdrotreatad atmospheric resid has still other unexpected andéor beneficial
properties, For exsraple, the dewsity of the hydrotreated atmospheric resid fraction 1 betwesn
#10 ke/m® and 860 k', a Kinentatic viscosity at S0°C of less than 100 ¢St or less than 50 ¢St
of fexs than 20 ¢St such as down to 5.0 o8¢ a BMOT of 44 or leas, or 30 or less, o5 15 or less,
suich as doswn to 5.0 o possibly siill kever! @ viscosity index of 1280 ov move, or 130 or more; and
g CCAT of less than 800, or less thau T80, sach as dows 10 730 or possibly still lower,

{77 As shown m FIG. 3, the hedrotreated atmospheric resid has comparabls salfur
content and nirogen content relative o the hguefied natural gas sample. This indicates that the
antount of SOx and NOx wonld also be comparable botween the lguelied natural gas and the
hydrotrented atmospherie resid, However, the hydrotresied atmospherie resid has a density amd
kinsmatic vissostly at 309 that allow the hydrotrestied atroospheric resid 1o be used in
conpventiong! maring engines. Thus, the hvdrotreated strmospheric restd coan be used as a fueld
with the unexpeeted property of providing the fow potintant Ievels of Higuetied naturgd gas

without reguiring insfallation of a specialized engine anddor fuel handhing systenm. Thisis in

contrast to the properties of the comparative exwuples. For the comparative conventiona
bydrotrented vacmon resid fraction, the mitrogen content is substantially higher thaw the LNG

product. For the comparative hvdrotroated main column bottoms faction, the sulfie and nitregen
contents ars refatively fow, but the fraction has & density that is oo high 1o be suitabls as a
restdual maring fuel, Thix is due dn pwt to the large nomber of mvanatics remaining v the
hychrotreated main column botioves. Such aromatics can alsd contnibide 1o sont Bumation when
vombusted,

{078 FHG. 4 shows examples of additivual hydrotreated renid factions, Ta FIG . 4, & vacuum

resid botling range feed derbeed from a selected shale crode ofl s showy, along with hydrotreated
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vamuam resids foomed by hvdeotreatment of the Seed under tvo differens hydrotresimand
cossditions. As shows i PRGOS, the feed was hydrotreated 1o reduce the salfie content 1y the twa
different producis to roughly 100 wppm, While this sulfir content is tugher than the less than 5.0
wppn: sulfin content of a tvplead ENG fuel, 1t has besn dhisvoverad that reducing the sulfur
content to roughly 100 yeppm can achieve voughly 20%: or more of the sulfiw redoction benefid
that is schieved by g LRG fuel.

{8079 Draring operation of 3 maring snging, portions of the enging lubricant can also enter
the combusiion zone(x) in the engine. As a resalt, the products from contbustion of the labricant
also contribute W the emissions gonerated by o marine engine. As showy tn FIG 4, the sulfir
dioxide genersted from combustion of Tubricant typically corresponds to roughly 0.0025 kg
suifur dionide per kg of fuel that s combusted. When a conventivnal fuel ol {s combusted, such
as a foed oil with 2 sulfur content of 1.0 wi%e or more, the salfir dioxide penerated from
combustion of the lubricant 1 small relative o the wind selfor dioxide. By contrast, for & fugl
with a sulfte content of TM swppa or lesy {such as LNG or i oltra clean restdual manine fuel),
the solfig divside gensrated from contuustion of the hubricant is large relative o the folal salfir
dioxade. Thus, for a low aromatios content, low silrogen feed, reducing the sulfor content o
ronghdy 130 wppm or less can be safficient to gonerate an ulira clean residogl marine fuel with
smisstons simifar o LNG.

{REISR The wlirs clean vesidual mrarine fusls desoribed heretn can also be used as blending
congonents for fonmation of fuels, For sxanpde, an ulira clean vesiding] warine fuel can be
blended with a renswable fuction, such as bicdiesel or hydrotreated vegetable otl, 1o formr a ulira
clean residual marne feed that has a fanther reduction o carhon intensity. Table 1 shows
messured characteristics for two tvpes of biodiesel and two tvpes of hydrotrested vegatable oil

Table 1~ Repewabie Blend Components

Bisdiesel | | Biodicssl 2 | HVO L e
Denstiv st 13°C
{hgimd SEE1 §79.6 7983 TILY
Viscosiy b4
36°C (oS 1.3 1734 3078 2220
Julfr  {pom
By ~ 5 ~A
CCAL 834 T48
BMUE S 4
T £ G
MOR (witn) 400 §.6¢
{Cloud Polm
) ~} i i ~3i}
Pour Point 0O “wd 6 i 38
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The four renewalde facticns shown i Table ¥were modeded gs blands with the

product from FIG 3. The model resalts ave shovwn in Table 20 Table 2 also shows the

spegification for an RMDEO restdant fuel oil.

Table 2 - Bleaded Fuel Compositions

ISDRIT WPe FOQ e FQ o+ {98 TO + 1 4% FQ +
RMDRG Spec 1 {R% T S HVOZ 6B VO L
Brodiegel Biodiesel 2
Density at 130 Max, 978 AN 3 B 0.8317 HEIRE
ndy
KAV o8 Max, 8000 i1l 332 116 &1
Sulfur fwtd Max, D30 [ERE) 4] .0004 {03 0004
CCAT Max, wnd Tad ity T4 748
BMCE ~ 14 3 9 &
T8 - & & { {
Bour Point {70 29 i 3 iR
N-Heptane - HEE 8 (kY] 4
hsolublos (it}
MOR (wifo) Max, .00 RS .43 0.0 3.4

LY

As shown in Table 2, the modeled blends have fow density at 139 (800 kedm® 1o 880

kdm®, or 800 he'ne® 1 848 ke, Tow CCAT (less thaw R20, or less thay 800, ar less thay 77,
sunh as dowry T2 or possibly st Joover), and sebstantially no miveo carbon reatdue, Based on

the modeled blonds shown in Table 2, an ulivy clean residuad marine fuel as deseribed herein can
be blended with rengwable fractions & form another owrine fuel with 2 sulfie content of 3.0

wppm of fess. Such a blend can include from 10 witdh 0 99w of the ultra olsan resicdhal

marine fued, or 10 wiB 10 0% vwtdh, of 2wl 1 89 sty or 20 wids 1o 8F with; and L atii o

B wits of & revnswealde Fachion, or O 0% o 8O widh, or S0 widh 1o 90w, or 5.0 wi% o 80

Wil
{83 A hydrotresied atmosphetic resid as desceribed herein can alse be blended with

conventional distitfate andfor vesidagd fractions w0 form manine fuels. While such bends with
conventional factions may result o highey sulfie contents, the bleads can sl corvespond to
fuels that satisty various restdual fuel ol speeifications. Such blends can include from 1.8 wily
fo 00wt of an alirs clean residual mavine foel, with the balance corresponding o o
comventiong! fraction, s renewable frachion, or & combination thereof The resulting blend can
gorrespond 1o a regular selfi fuel GIHREPOY, a tow sulfr fued mil {LSFO} with a sulfur content
of 0.5 widh or fess, or a very low selftr foel ot {VLSFQO with a sulfor content of 8.1 wih or lesa,
i Whare used as # bléndstock for fuel ml blending, the uliva clean resudual marine fil
may ba blended with suy of the following amd sy conbinaticn: thersof to niake a fuel oib Tow

sutfur diess! (sulflr content of less than 3y wppn), ultrs low sulfor diesed (sulfr contant i or
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<15 ppow), fow sadfir gas oil, ultrs low sulfur gasoil, low sulfur herosens, whivs low sulfur
Rerosene, hedrotrented stravgd ron diesel, hydrotreated straightron pas o, hedrotreated strajght
rin kevosene, hydrotrested cyele ofl, byvdrotreated thevmally oracked diesel, hedrotreated
thermally cracked gas odl, hyvdrotreated thevmaily cracked kerosene, hydrotreated coker disssl,
hydrotreated coker gas o, hydvotreated coker kevosene, hvdrocracker diesel, hyvdrocracker gas
ol fopdrocracker kerosene, gas-to-liguad diesel, gas-to-liquad kerosens, hydrorented vegetable
oil, fatty acid methy! ssters, non-hydrotrested straight-tun diesel, non-hydrotreated straight-run
kerosene, non-hydiotresied siratghi-run gus ol snd any distifates derived from low sulfiy cnude
slates, gas-to-Hautd wax, and other gas-to-Band hydrocarbons, son-hydrotreated cvele o, non-
hydrotreated fhad catabytic oracking shurry oil, non-hydrotreated pyrolysis gas odl, non~
hvdrotreaisd cracked tight gas oil, non-bydrotreated cracked heavy gas ol non-hvdrotreated
pyredysis fight pas oal, nonehydrotreatad perolysis heavy pas oil, non<hydrotreated theomally
crgcked residue, non-hydvotreated thermally vracked heavy distillate, non-hydrotrented coker
hegvy distitlaies, non-hydrotrestesd vavuwm gas oid, non-hedrotreated coker divsel, non-
hydmomreated coksr gaseil, non-hydrotreatsd coker vacuam gas o), notdivdrotreatad thermally
cracked vaconum gas ol non-hydrotrented thermally oracked diesel, nonvhydrotreated thermally
cracked gas o, hydrotregted fris or oils such as hydrotrested vegetable ofl, hydrotrented tall i,
st ftty anid methyl ester, Group 1 slack waxes, lobe off aromatic extracts, deasphalted oil,
atiosphotic tower botloms, vacwan tower botioms, steam oracker tar, any residue materialy
derfved from low subfin cvude slates, LSFO, REFQ, other LEFQ / REFO blend stocks,

{0088]  As needed, fuel or fuel blending componsnt fractions may be additized with additives
such as pour point inprover, cstane Improver, hubwicity improver, ele. o improve propesties
ardior mest focal specifications,

Additonal Embedimants

b

S Embodinent L A fuel or fusl blending component comprising & kinematio visoosity
LIS of 34 oo 100 oSy, g sulfir contem of 130 yppin or Tass, o density @ 1570 of 800
kofm 1o 900 kpim®, and an aromatics content of 5.0 widh 1o 25 wit.

{6087} Erabodiment 2. The fuel or fuel blending component of Embodiment 1, wherein
the Beed or fued blending component comprines g TO0 distillations point of 325°C or more,
whevein the foel or foel blending component conprises a selfie content of 30 wppm to 180
wppt, of whersin the dewsity at 135 is 800 kefm™ 1o 860 kg, or a combination thereof,
[GU88]  Ensbodimsent 3. The fael or fuel blending compouent of any of the above
snbodiments, wheren the sulfur confent 18 S.0 wppm ov lass, ov wheran the nitrogen content i3

5.0 wppm or Jess, o g combination thereof
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{8089 Embodiment 4. The fuel or fuel blending component of Embodiment 3, wharein
the fueed or fued blending componest comprizes & TG distillavion point of SI8°C o ess, or
wherein the fuel or fuel blending component comprises » viscosily index is 120 or more, or
wherein the fusd or fugd blending component coanprises a BMOT of 30 o less, or whersin the fuel
o fued blending component comprises a CCATof 800 or less, or a combination thereof

090 Dwbodiest 50 A Ruel or fued blending component comprising a deusity o 430
ke'm® or less, » kinematic viscosity at 30°C of 100 ¢St or mors, 2 sulfur content of 50 wppm to
130 woppm, 8 BMOT of 50 or less, and 8 CUAL of 800 or less.

{soe] Embodiment 6. The fuel or fuel Mending component of Embodiment 5, wherein

ihe fuel or fuel blending component comprises s T distillation point of 400°C or more, or

whevedt the fuel or el Mending congronent comprises a TOO distilation podnt of 330°C or more,

or whergan the foel or foel blending componsan comprises 8 viscosuy idex of M of more, o

wherein the density at 15°C is 800 kgfn® 10 900 keint’, or ¢ combination thereof.

{aav2} Embodiment 7. The fuel or fuel blending component of suy of the sbove
embodinents, whereln the foel or fusd bemding component comprises a nitrogen content of 1D
wppm of fess, or whersin the fued or fued blending component comprizes a TG distillation poist
of 330°C or more, or whereh the fuet or fuet Meading component comprises a pour point of 0°C
oF e, of & combination thersof.

LR Fenbodiment 8 The fust or fued blending component of any of the above
snbodiments, whersin the aromabios content i Fwde 0 25 wilh, o wherely the aromatics
content is 5.0 wth to 15 wis,

{6894] Bmbodiment ¥, A blended fual or Wended fuel blending component comprising 1.0
vol% tos 80 volte of a distiliate fraction, a resid fraction, or & combination thereo!, and 20 vaol¥ o
99 vold of & Reel or Tuel blending component accovding o any of Bmbadiments 1 - &

Y Embodiment 10, The blended fael or blended fus blending component of
Embodiment ¥, wheretn the distiflate fractgov, the remid fraction, or the combination thereef
comprises a repawsable fraction,

{6096] Embodiment 11, The blended fuel o blended fiwd blending component of
Embodiment 10, whersin the rencwable fraction comprizes 8 vdrotreatad vegetable ol 8
bisdiesel, a ity aoid methy! sster, or a combination thereod

{8a971 Enthodiment {2, & nwthod for foring a fuel or fuel blending component,
vomprising: factionating g orude o comprising 3 final botling point of 3530°C or more 1o forms st

feast a resid-containng fraction, the crade off compusing 8 saphtbanes to sromatios volume ratio
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of 3.0 or more and & sulfor contant of B2 with or less! and hydrotresting the resid-containing
fraction to form a fuebor foel bleonding compovent sccpvding to anyof Binbodiments 1 - &
{6898} Fmbodiment 13, The nethod of Embodiment 12, wherein the resid-comtaining
fracnion 1 hysdrotrested pricy to the Factionating, the fiactionating comprising forming at least
the fuel or fuel blending component.

{Ba9yy Embodiment 14, The methed of Embodiment 13 or 13, Rether comprisiug blending
the fusl or fuel bending component with a distillate fraction, resid fraction, or combination
thereod o form a blended fuel or blended fusl blending componem, whersin the blended fuel ov
bended fuel blending componsat compises F0 vol™ 1o 80 vol% of the distilate fnction, resid
fraction, or combingtion thereol, and 20 vol%s 1o 99 vol¥s ofthe fuel or fuel blending component,
the distitiate faction resid fraction or combinaiion thersof optionally comprising a renewable
fraction.

{00100]  Ewmbodiment 15 Use of i fuel, fuel blending component, blended fuel, or blended
fuel hlending component aceording © any of Embodiments T~ 11 88 a fuel in g combustion
device,

{66101  While the preseut invention has been described and ilhustrated by reforence to
particular ewbodiments, those of ordivary skl fn the art will apprecigte that the nveation lends
itself 1o variations nod necessartty Wustrated herein. For thas reason, then, referenve should be
mads solely to the appended claims for parposes of determining the tene scope of the preset

myerion.



