WD 2006/ 069572 PCT/ DK2004/ 000929 METHOD AND SYSTEM FOR | MPROVI NG FUEL
ECONOWY  AND ENVI RONVENTAL | MPACT OPERATI NG A 2- STROKE ENG NE. 5 FI ELD OF

THE | NVE'WJ)%\&-BEQ spnvention relates to a nethod of redugipghbfloooszs
consunption ricant conplexity and environnental inpact in the operation

of a two-stroke engine. Further, the invention relates to a systemfor
reduci ng fuel consunption, 10 extended | ubricant utilization and
envi ronnmental inpact in a two- stroke engi ne. BACKGROUND OF THE | NVENTI ON

Two- stroke ci nepy t a i ons
15 are equi pAlB THERD, SVOSYSTEM FOR IMPROVING EUELZRCONOME | 0
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and cooling (E)Nt’ﬂmﬁngl ne's bearings and e.g. oil-cooled pistons as well as
for activati br control of various valves or the like. The other
| ubricating systemconprises an all-loss lubricant (cylinder oil) that
normally is used for 20 lubrication of the engine's cylinders, piston rings
and pi stoh skirt. in typi cal two-stroke cross-head engines, the cylinder oil

I s spent corp:qEn_pcmF ITHEANYENTION n of the engi ne whereas the systemoil in
principle is_not spent cept bys |l e i nt enti onal
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cyli nder system Typical cylinder oils usually have an SAE (Society of
Aut onoti ve [@mgingering) viscosity equival ent to about 50 and normally have
a total base nunber (BN) of about 40 to 70 for the neutralisation of acid

products 35 produced duri ngFt he conbustion process. Typical systemoils
usual | y have BACKGROUND OF THE INVENTION

Two-stroke cross-head engines used in marine and/or stationary applications
15 are equipped with two separate lubricating oil systems. One lubricating

system comprises so-called system oil that normally is used for lubrication

and cooling of the engine’s bearings and e.g. oil-cooled pistons as well as for

activation and/or control of various valves or the like. The other lubricating

system comprises an all-loss lubricant (cylinder oil) that normally is used for
20 lubrication of the engine’s cylinders, piston rings and piston skirt.

in typical two-stroke cross-head engines, the cylinder oil is spent
continuously by each turn of the engine whereas the system oil in principle is
not spent (except by smaller unintentional leakages). The lubrication system

25  comprising the cylinder oil is also often referred to as an “all-loss” lubrication
system as the oil is spent. The use of and various types of both system oil(s)
and cylinder oil(s) is very well known in the art.

The cylinder oil typically contains certain additives that function to reduce,
30 minimize or neutralise the acid level of the cylinder system.

Typical cylinder oils usually have an SAE (Society of Automotive
Engineering) viscosity equivalent to about 50 and normally have a total base
number (BN) of about 40 fo 70 for the neutralisation of acid products
35  produced during the combustion process. Typical system oils usually have an
SAE viscosity of about 30 with a relatively low BN content, typically around 5



SAE viscosity of about 30 with a relatively | ow BN content, typically around
5 WD 2006/ 069572 PCT/ DK2004/ 000929 2 and provide |long-tinme performance.

These exa,gpjo@g/y@g?l ues may vary dependent on the actuaglcEpRidhsafbR" and the
specific design of the systems that the pils are used in. 5 I'n recent

t wo- stroke cross-head engi ne designs involving electronic and/or hydraulic
control and/or activation of valves, etc., the m ninum perfornance
requi renents of the systemoil has been substantially increased conpared to

earlier desi r‘i’&ﬁtﬁw t I
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contam nati o tfﬁ%?éls% ﬁ?gﬁtjé@el ncl ude conbustion by-products and wear

conponents, “whi ch can be partially renoved by oil separators. However, in 15
the case of two-stroke cr head, en |nes QaE; of the sour of
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efficiency dééﬂfé@%@%lgnVﬁ\ﬁﬁ g itforsl fiBcbiahidas campsieativatien] t s condemi ng
limt it will have to be repl eni shed or changed. Patent specification US

6. 074,995 discloses a friction nodifier conposition conprising an oil of

| ubri catjigng YhaCpsHbmnate féi@%fﬂhbﬁcﬁwt&rlbcﬂfb%w Qﬁééét%d Bén@dreéw aff an
additive. Patent specification US 5 di scl oses ad a sy nergll stic
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15 the case of two-stroke cross-head engines, one of the sources of
contamination is spent cylinder oil leakage past the stuffing box causing both
the viscosity and base number of the system oil to increase over time, a
process that cannot be reversed by separators. This causes the system oil to
gradually degrade over time so component wear increases and engine
20 efficiency decreases. When the system oil is approaching its condemning

limit it will have to be replenished or changed.

Patent specification US 6.074,995 discloses a friction modifier composition
comprising an oil of lubricating viscosity and containing a friction-reducing
25 amount of an additive.

Patent specification US 5,282,990 discloses adding a synergistic blend of

friction modifiers to a crankcase lubricating oil of an internal combustion

engine in order to improve the fuel economy. However, there is no
30 suggestion of how to apply this with respect to a two-stroke diesel engines.

Patent specification EP 0 573 231 discloses triglycerides as friction modifiers
added to oil for improved fuel economy in an internal combustion engine.

35 Patent application US 2003/0171223 discloses lubricating oil compositions
with improved friction properties.



35 Patent application US 2003/ 0171223 discloses lubricating oil conpositions

““with inproved friction properties. 3 OBJECT AND SUMMARY OF THE | NVENTI ON It

I s an object of the present invention to provide a nethod and a
correspondi ng system of reducing fuel consunption and environnmental 5

i npact operating a two-stroke engine that. sol ves the above-nentioned (and

ot her) shortcom ngs of prior art. A furth object is to provide this in an -
easy and efficient way.. A furthér object of the present invention is to
enabl e i nprovenent of .-fuel 10 econdny or fuel efficiéncy in a two-stroke

di esel enginé. Anot her object is to reduce enissions froma two-stroke

di esel engine. Another object is td enable use of a | ess-conpl ex consumabl e

systemoj |l yet__ rovidi r | evel s as experienced with
conventi onal | ﬁngphﬂhéﬂmggfﬁﬁﬁE@ﬁ%mr obj ect is to-enable
extended compenggt ahi bBjet &F 4ME- ekl invlritfo t8NBrd\ide ' 80mihedldaimd oxal

k
object is to provide a nore envi ronrgant, al lafé II’I end? operation of the
engi ne. These G8FEERPRJING YoM 1y geduging fug| SpAnsURIPtPNANE, @nyipRIMENta) 5

- correspondj ng jRpateESHefitingesl dubatroks fngiRNEHETHOWS the abéviRnidritieked §a8d ne

conprising the steps of: Obtaining systemoil/consunable systemoil from an
engi ne, addi n@ther) sbagcopyras ef ewcproaf{rfbéwﬂn%rrolﬂsctals toRrevide 1his in an eark

obt ai ned systgd &fitienfi@ye the addition of the at |east one friction

nodi fier reduces the fricCtion coefficient of the obtained oil, resulting in
a systemoil/consumable 30 systemoil with reduced friction, and supplying
said oil withA &srtherdobjeict tof dhe tpresenti inventipmds to renatile inpyoverhentf akfuel

consunption of the engine is reduced, i.e. inproved fuel econony is
obt ai ned, Htue EBNEMY G LELATIDEY ithe tupialipke sl GRS 11 er (3) 3A
Another object is to reduce emissions from a two-stroké diesel engine.

Another object is to’ enable use of a less-complex consumable system oil yet
15  providing the same performance levels as experienced with conventionally-
formulated system oils.

Yet another object is to enable extended component life of a two-stroke
diesel enginé. -

‘20 .
An additional object is to provide a more environmentally friendly operation of
the engine. '

These objects, among others, are achieved by a method (and a

25  corresponding system) of reducing fuel consumption in a two-stroke engine
comprising the steps of: obtaining system oil/consumable system oil from an
engine, adding at least one friction modifier to at least a part of the obtained
system oil, where the addition of the at least one friction modifier reduces the
friction coefficient of the obtained oil, resulting'in a system oil/consumable

30 system oil with reduced frictior'\., and supplying said oil with reduced friction to
said engine. '

In this way, the fuel consumption of the enigine is reduced, i.e. improved fuel
economy is obtained, due to the presence of the added friction modifier(s)

&



Pat ent specification US 6,040,279 discloses a |lubricant conposition suitable
for di- rect fuel injected crankcase-scavenged two-stroke cycle engines |like
power |awn nowers and ot her power operated garden equi pment, power chain
saws, punps, electrical generators, marine outboard engi nes, snownpbil es,
mot drcycl es and the 5 like. The lubricant conposition conprises a ngjor
anmount of at |east one oil of lubri- cating viscosity and a m nor anount of
a lubricity additive. Patent application US 2003/183188 discloses real time
optim zing or varying of en- gine | ubrica@Ang oil properties or flowrate in
response to actual -engine-operating 10 conditions in an engi ne that
‘re-circulates its lubricant like a four-stroke Internal com -bustion engine.
The syst em coRdtent speqifiationst816,440,2 74 disclesesiadulriognt opyapositioncuiteblsifandi- A

condi tion par ﬁg@;l%!jmgﬁtécp#rs{d&%%e éa\%‘ﬁgﬁa’fm?odst}&e Mgk %pB\?eﬁbwﬁ ul at es

its lubri- I'ng rom ar anet r an-amnmoun a_secondary
fluid (e.g. adnhwers ammGﬂheblatmerlqpbratedagar)ieraaqupmnnhgowheclmmsaws pbmpecondary
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additive o | like. |Tbaﬂubmam dompositlantcomdnsesmmlajor atrmunad)fatdn"dstleme oihofdulyyi-ne i n
response to actual T a oil or nore specifically
if the neasurgﬁt'"ﬁéﬂ?qogl %ﬁf‘g?gﬁ% %L@g?féﬁpﬂéﬁaf@ﬂﬁ'ﬁterval. The TBN is to be
kept between 0 and 2. Di scI osed is a conbustion engine wth an oiI pan
where a TBN s

h
Addl L ves ar oPARbaPRisaort 05 o ABa BT HeEE 88} i olnui=d ot VapRger o
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additive. suppbystlmg ehgine. Théeysipmrcandition paraastdraf intevest id eld. ngar opeonasionn of
t he engine |t ked, whet her the T

r.epeat edl i elaw 0. 1.. |1 f the
TEN 1o anove. 6 cPrHEBR Bri et TaS R B aattrerin <Y Elom) el -Gt sl
start's and tbentcandcnalamlatmg fropruthip pagansdtar dreamodritios a@ewmdajrﬂmdi(é\g addi- in the
. oil panthrou t e.cir ulatio pu nt, | et| r
reaches a cer ﬂgeﬁ? [}@r'f?ﬂt a'é‘{]'E‘Bﬁ‘"% eﬁHPHH f ggrb"{ﬁ%ﬁﬁ‘"g “thj‘ {na
anot her tlismer béfBEéthesinsdsdaJctleldlmdmdmﬁomdqb'artlormcatl@n pl yi ng punp is started.
- The additive-supplying punp is run until the timer reaches a certain value

- (a2) after which the additive suppl ying punp is shut of and process repeats
wi t h perform Pgtent spexiiication 1IS5,0@MN455 discloses supplying an additive to lubricating oil in

a traditional internal combustion engine in response to actual measured TBN of the
~ lubricating oil or more specifically if the measured TBN is outside a predetermined
20  interval. The TBN is to be kept between 0 and 2. Disclosed is a combustion engine
with an oil pan where a TBN sensor is situated for measuring on the oil in the oil
pan. Additives are added to the oil in the oil pan under the control of an additive
éhpplying pump. The oil of the oil pan is circulated by a circulation pump through a
filter. The signal from the TBN sensor is supplied to a controller controlling the circu-
25 lation pump and the additive supplylng pump. The operation Is as follows: during
operat:on of the engine itis repeatedly checked whether the TBN is below 0.1. If the
 TBNis above 0.1 nothing is done. When the TBN i is below 0.1 a timer (T1) starts
and the circulation pump is started. This.circul.ates the oil in the oil pan through the
filter. The circulation pump Is used until the timer reaches a certain value (a1) after
30  which the pump is stopped. Then another timer (T2) is started and the additive sup-
plying pdmp is started. The additive supplying pump is run until the timer reaches a
certain value (a2) after which the additive supplying pump is shuf of and process
repeats with performing a check of the TBN.



WD 2006/ 069572 PCT/ DK2004/ 000929 4 giving the system oil/consunmabl e system
oil fed back into the engine reduced friction characteristics.

Addi ti onaybyeosisésspded conponent operational time is obt, 'rﬁlﬁ% &4/({3@9% less 5
friction is present between the corrponentg of the engi ne? e ?

addition of the friction nodifier(s). ThiS results in |ess frequent
mai nt enance and savi ngs of costs. Further, reduced em ssions fromthe
engi ne(s) are obtained since less fuel is to used due to the less friction

bet ween engi ng . i

nmodi fier(s) @i‘éﬁ?%‘%%‘%ﬁ? ﬁ@kab%?gﬁp% r#\%g ?’gﬁéalb%%o(ﬁét e d{drreé &’é)d]ﬁc[edl east
one of the frfticﬂdmchat'adte‘risﬁc$s) Is/are an ash-less friction nodifier. 15 In
one enbodi nent, the at | east one ash-less friction nodifier is based on di-
td- and/or tetra-esters of dineric and/or fatty acids and/or fatty am des.

| n anot her emtduiﬁuarmﬂy. dxﬂmdﬁd lcearstonent openaticrsd timecisi obtained fsirese iessbased

on 20 neope col thr tol . sorbitol, trinmeth

gl ycer ol %nd?o tloq} eﬂrﬁ gﬁ&ﬂ fbr" B1 SHBROREIPQE the N %@e&feego the
enmbodi nent, tgdeitin bﬁﬁh‘é frtutqonfmodireﬁ(s) Midls fresults i mefﬁbquemrmammname

sel ected from t he grou triglycerides (of aninmal and/or vegetable
origin), suclngss "gﬂﬂﬁ&e soy bean, and/or castor oil, fatty phosphates,
fatty acid am des, fatty epoxi des 30 borated fatty epoxi des, fatty

am nes, e.g. trlethanola

ol yo sters,
ont sor yt he} FhORCEBLIGEgIGiss RS eup e Snoine(s) ara PR BIEcLSinE? lessphised
pol yol egger s8bk@xy 1attRd 68k ticsH Betveen engine components obtained by the

addition of the friction modifier(s) according to the present invention.

In one embodiment, at least one of the friction modifier(s) is/are an ash-less
friction modifier.

15
In one embodiment, the at least one ash-less friction modifier is based on di-,
tri- and/or tetra-esters of dimeric and/or fatty acids and/or fatty amides.

In another embodiment, the at least one ash-less friction modifier is based on
20 neopentylglycol, pentaerythritol, sorbitol, trimethylpropanol, glycerol and/or
triethanolamine or blends thereof.

In a preferred embodiment, the at least one friction modifier is based on one
or more selected from the group of:
25 e triglycerides (of animal and/or vegetable origin), such as rape seed,
soy bean, and/or castor oll,
o fatty phosphates,
e fatty acid amides,
o fatty epoxides,
30 e Dborated fatty epoxides,
e fatty amines, e.g. triethanolamine
e polyol esters, e.g. of glycerol, pentaerythritol, neopentyiglycol, sorbitol,
trimethylpropanol,
e borated polyol esters alkoxylated fatty amines,
35 e borated alkoxylated fatty amines,
e metal salts of fatty acids,



35 borated al koxylated fatty amnes, netal salts of fatty acids, WO
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or m x %6/B@§52eof 5 In one enbodi nent, the least o f,bkgéoimﬂ)ggg)di fier

is added at a predetermned rate so that the concentration of the added
friction nodifier(s) has a concentrationof 0.2 - 2.0 %of said system

oi I I consumabl e systemoil wth reduced friction. io In an alternative
enbodi ment, the at |least one friction nodifier is added at a predeterm ned
rate so that the colgfce.ntaatliﬁ)n of the added friction nodifier(s) has a
concentration of GCWUWIZ$IDIBHNG sajd system oi |/ consumabl e systemoil with
reduced friction. faftylimidazolihesrarati ve enbodi nent, the nethod invol ves use

of a consunable systemaqjl, containing a sinplified additive conposition
and/or a reducef 'éﬂ‘g‘i"ﬁs%ef@gat rate. In one enbodiment, the nethod is used
of fshore, on-site, on-board a vessel, 20 and/or in a land based plant. In a

preferred enbodi nent, the nethod further corrﬁ__ri,ses the step of; tapping a
pr edet er npnednf iang: emBadiment, ¢ the deaskpng | ricdraumeditiesyist addsd at a

provi di ng t appedeRirniidtf rdte P ihat Mhé dohbntFRITN oF 1he édb%oegﬂcgbh/rﬁwﬁé'ﬂ(@)b' e 25

systemoil with a predeterm ned second anount of ftresh(er éstem ;

oi | / consunabl kassg sopgesirationof -2 apd? fg aiisaichpystep eifcenswgablensystem oil

conti nuously,iRead i sly or intermttently. In another preferred
enbodi nment , t\%@?rreqlﬁgg ?’Sﬁ%’er conprises the steps of: 30 creating a
cylinder oil on the basis of the tapped systemoil/consunmable systemoil by

determ ny g g érﬁﬁﬁ%rn‘éﬁ@eCérhl}:b&ﬁ{ﬁn?,%ér@ctléést(én@ fricky r‘ﬁb?jﬁ’@?]i@ ¥dded ata

permittivity/ capacitance and/or el emental conpositi or% of the tapped oil,

det erm ni ng arefletesmingtkratessa that jthe aamtentrationgof bR addes:iristion modifier(s)
has a concentration of 0.5 — 1.5 % of said system oil/consumable system oil

with reduced friction.

15 In an alternative embodiment, the method involves use of a consumable
system oil, containing a simplified additive composition and/or a reduced
additive treat rate.

In one embodiment, the method is used offshore, on-site, on-board a vessel,
20 and/or in a land based plant.

In a preferred embodiment, the method further comprises the step of: tapping
a predetermined first amount of the system oil/consumable system oil
providing tapped oil and replenishing the remaining system oil/consumable

25 system oil with a predetermined second amount of fresh(er) system
oillconsumable system oil, with tapping and/or replenishing done
continuously, near-continuously or intermittently.

In another preferred embodiment, the method further comprises the steps of:
30 creating a cylinder oil on the basis of the tapped system oil/consumable
system oil by determining at least one critical parameter (e.g. BN, viscosity,
permittivity/capacitance and/or elemental composition) of the tapped oil,
determining at least one desired parameter (e.g. BN, viscosity,
permittivity/capacitance and/or elemental composition) of the cylinder oil and
35 adjusting said at least one critical parameter (e.g. BN, viscosity,
permittivity/capacitance and/or elemental composition) of the tapped system



permttivity/capacitance and/ or elenmental conposition) of the cylinder oil
and 35 adjusting said at |east one critical paraneter (e.g. BN, viscosity,

perm tti wWéYidsdpsies t ance and/ or el emental conposition) h’ﬂﬁ system
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bl ending the tapped oil wth at |east one BN nodifying additive resulting
in a created cylinder oil, and supplying said created cylinder oil to
cylinders or part of the cylinders of said engine. s In one enbodi nent, the

conpri sing adireobeRl SPSRET o1 MeBbiiy b B RS b Tathed B WIR A et

VSt em of | Wt bouL ORI por T or TNee adth L1y e B oLt ed ol (B a

" duced addi SARCSieALE VIRCET B0 LIRS Ry oot thE e der e S REHEE: The
present invention also relates to a systemfor reducing fuel consunption in

a two-st ré’keéﬁ %ﬂb%%&@hﬁht,%&rﬁ%@ﬁ% i% %eb‘&ﬁed*ﬁ&ﬁpﬁ\eoé{ggﬁgfpr esent

i nvention and have the sanme advantages for the sanme re 15 More

speci fical | y~ a fraditionahsiystemn ailacewptising additives farrlongeime merfomslance or
consunption in a two-stroke I ne conprising a blendin nit for adding at
onst one. r femRuASRRI Araddifi TrSRERE arovdndenalim ballhnends A

oi | / consunabl_es ' s b ?ﬁ{ggt' et t igtion
20 nodifier reaugééé@jﬂgbh isytgflaegn cogvfV icﬁe‘rn%o%?h@gggﬁgkﬁgg 29@1%% &t

oi | / consumablfermylatezin with , ar esducéd gadditiee streatratei Inbt opeaviding e lenstimm oi |
with reduced frjction and for supplying said systemoil/consumabl e system
oil wit¥re gEPC8t i on to said at | east one engine. 25 Advantageous
enbodi ments of the system according to the present invention are defined in

t he sub-clainms and described in detail in the follow ng. The enbodi nents of
t he syst em cdihecpesedt invehtien aldmtlatestts apsystém fioereédacing fdelheorsuniptionane

advant ages fqQr the s reasons. 30, BRI EF DE PTIl ON THE W NGS
g ?n a wo-s l[g?(e engl%e, wl%ch correspon%%ﬂo Ihe mgﬁod of |’_ﬁch'aApresent
invention and have the same advantages for the same reasons.

15
More specifically, the invention relates to a system for reducing fuel
consumption in a two-stroke engine comprising a blending unit for adding at
least one friction modifier to at least a part of an obtained system
oil/lconsumable system oil, where the addition of the at least one friction

20 modifier reduces the friction coefficient of the obtained system
oil/lconsumable system oil, resulting in a system oil/consumable system oil
with reduced friction and for supplying said system oil/consumable system oil
with reduced friction to said at least one engine.

25  Advantageous embodiments of the system according to the present invention
are defined in the sub-claims and described in detail in the following. The
embodiments of the system correspond to the embodiments of the method
and have the same advantages for the same reasons.

30 BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects of the invention will be apparent from and
elucidated with reference to the illustrative embodiments shown in the
drawing, in which:



These and ot her aspects of the invention will be apparent from and
elucidated with reference to the illustrati ve enbodi nents shown in the

drawi ng, wo 20b¥/6g8572 VWO 2006/ 069572 PCT( DK2004/ 000929 7 F'quﬁ a
schemati c bl ock di agram of one enbodi nent _of the pr esentlJ m@%ﬁ‘f@@%ﬁsﬁ gures

2a and 2b illustrate the effects of the p?esent i nvention during a test. 5
DESCRI PTI ON OF PREFERRED EMBODI MENTS Figure 1 shows a schematic bl ock
di agram of one enbodi nent of the present invention. Shown is a schematic

e engina. cagfie E5noRE sdeb? Rkl abL A it RheiGRBY of tR ABs3E i
oil (301) thdhventioml |y is used for |lubrication and cooling of the engine's

bearings and e.g. oil-cooled pistons as well as for activation and/or
control of various valves or the like. Another |lubricating systemconprises

an al | -1oss IRIgniesa2d and 20)llusicte tive bife@Df thé presem imBdritioni durlied tdr
| ubrication of the engine's cylinders, piston rings and 15 piston skirt.

The engi me (300) corresponds to well-known prior art two-stroke engines

except as ex{PHESCRIPTIONGF FREPBRRED 2MBOBIMENTSt rated is, according to
the present invention, a friction nodi Ig\l(s:\gnr m met hod/system%lOO) reduci ng

fuel consunptfiigHrg hshowaa sehesmatichlgick ot ene emhpdiment of thg present

met hod/ syst enhdifh. @M Ss B SERSmatiE reBRSentdtiR 8t dtaaast oREawslgidk@ (300)
where a controller or blending unit (102) adds at |east one friction

nodi fier (10008whead diegst enging +(300). thhe hgine eproprisesoang lubreatirg
additio f ot : €ohId AL~ O i fhe 0 r : i ¢Lion
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lubricating system comprises an all-loss lubricant or cylinder oil (302) that

normally is used for Iubrication of the engine’s cylinders, piston rings and

15  piston skirt.

The engine (300) corresponds to well-known prior art two-stroke engines
except as explained in the following.

20  Also illustrated is, according to the present invention, a friction modifying
method/system (100) reducing fuel consumption in a two-stroke engine. The
friction modifying method/system (100) obtains system oil (301°) from at least
one engine (300) where a controller or blending unit (102) adds at least one
friction modifier (101) to (at least a part of) the obtained oil (301’). The

25 addition of the at least one friction modifier (101) reduces the friction
coefficient of the obtained system oil/consumable system oil (301), resulting
in a system oil with reduced friction (301”), which is supplied back to the
engine(s) (300) as system oil.

30 This results in avoiding or minimising frictional losses caused by
contamination of the system oil/consumable system oil, which normally takes
place as the oil is used and which would otherwise cause substantial
diminished efficiency, increased fuel consumption and increased emissions.
Great economical savings are achieved by avoiding this.

35
The system oil is preferably selected from the group of:



contam nation of the systemoil/consumable systemoil, which normally takes
pl ace as the oil is used and which woul d ot herw se cause substanti al

di m ni shegy ¢fok/osdssncy. increased fuel consunption and i LSS ons.
G eat econo?n(f caig(J savings are achieved bz\ogvoi ding this. ngﬁﬁgﬂé@@gzm oil is
preferably selected fromthe group of: 2006/ 069572 PCT/ DK2004/ 000929 8 -
a traditional systemoil conprising additives for long-tinme performance or

formul ated with an additive treat-rate providing |ong-tine perfornmance, and

- a consumabl.e; sidifonli dystérh silutomprising! agdiftess esmimgetirad didrforafaree or
formulated with a reduced additive treat-rate not providing long-tinme s
per f or mance. feratlatethwjth amadditive treatrate dreyidingdpng4imeg pegoanancg randess

friction nodifier | C ri /.Qr i.ra-esters
of dineric aﬁd/aoFgﬁéyw‘g?éac%&@ﬁngﬁo\%ﬁg@t 3?%'5133%3{@ r%gcgsﬁ&&i'&é‘sf i ction
nodi fier(s) fasmalated bRithage dedicedopaditive dtreattate PRt pRSVIAIAGT TGhg-time
sorbitol, trinmethyl propanol, glycerol and/or triethanolam ne or bl ends of

two or nofe drerfaimangéve. is In a preferred enbodi nent, the | east one
friction nodifier may be based on one or nore of: triglycerides, such as
castor oil, fatty phosphates, fatty acid am des, fatty epoxides, borated

fatty epoxi desrefdrablyy thgl fiiefion enddifief(s) ¢1MNRIAE ash-ley FidtiopskRdfier®)d. of
gl ycerol, pentaerythritol, neopentylglycol, sorbitol, trinethyl roFanoI ,
@m{;or

bor at ed pol yovhieBtreay be lbasetQredi-2drif angdipratetiacesterso ohdimerc afaty fatty

am nes, netal f .acids, sulfurized olefins, fatty im dazolines,
R

or mxtures t3: on nodifier(s) may al so be ot her conpounds,
e.g. as Jg('zscl osed in the cited prior art docunments and el sewhere. See e.g.
patent spéecification US 25 4,792,410 and US 5, 110, 488. According to one
enbodi nent, tTre fashelessnfrictidn f medifiej(sf ay alsbabe bakkedl omt ngopentylglycol,

pentaerythritol, sorbitol, trimethylpropanol, glycerol and/or triethanolamine or
blends of two or more of the above.

15 In a preferred embodiment, the least one friction modifier may be based on
one or more of: triglycerides, such as castor oil, fatty phosphates, fatty acid
amides, fatty epoxides, borated fatty epoxides, fatty amines, e.g.
triethanolamine, polyol esters, e.g. of glycerol, pentaerythritol,
neopentylglycol, sorbitol, trimethylpropanol, borated polyol esters alkoxylated

20 fafty amines, borated alkoxylated fatty amines, metal salts of fatty acids,
sulfurized olefins, fatty imidazolines, or mixtures thereof

The friction modifier(s) may also be other compounds, e.g. as disclosed in
the cited prior art documents and elsewhere. See e.g. patent specification US
25 4,792,410 and US 5,110,488.

According to one embodiment, the friction modifier(s) (101) is/are added at a
predetermined rate so that the concentration of the added friction modifier(s)
(101) has a concentration of 0.2 — 2.0 % of the system oil/consumable
30 system oil with reduced friction (301”). In an alternative embodiment, the
friction modifier(s) (101) is/are added at a predetermined rate so that the
concentration of the added friction modifier(s) (101) has a concentration of
0.5 — 1.5 % of the system oil/consumable system oil with reduced friction
(301”). According to another embodiment, the controller or blending unit
35 (102) varies the rate of added friction modifier (101) according to a



predeterm ned rate so that the concentration of the added friction

nodi fier(s) (101) has a concentration of 0.2 - 2.0 % of the system

oi I /consumabl e 30 systemoil with reduced friction (301& In an alternative
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rate so that the concentration of the ad8ed friction rmdlfler(s) (101) has
a concentration of 0.5 - 1.5 % of the systemoil/consumable systemoil with
reduced friction (301"). According to another enbodi nent, the controller or

bl ending unit 3 102 aries the rate of added friction rmdlfler 01)
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one enbodi nent, the systemoil/consunable systemoil is a 5 consunmable
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t he obt ai ned syst em oi |l /consumabl e systemoil (301') providing tapped oil 15

(203) and reph?é‘np gﬁglrﬁxfb% foﬁrmégite[gfbﬁ’ﬁéés ﬂ’btwéfeo%%”&?é)'qﬁ-ﬁé’éﬂdeé*\/g%éeel,(301)

with a predeter econ anou system @i 1/ consuna

syst em oi | ( 2rid/or inma taricsbassd planpar thediket he syst em oi | / consumabl e system

oi | Pg added with a friction nodifier is replenished. Aternatively, the
tapplng nd/ or repl enishing may be done continuously, near-continuously,

20 i nterm tt eAtdoyding doca dprefered oehmdodimentbbfe thehmesentASnwmﬂnbnsyﬁeem

oL onsuTel & BB el PHASRR A BRI bR el SRR .
a nore consi YRO0) whexkid yoatrdligr (202 | cahirods’ tappihg en predetermined amount of
the obtained system oil/consumable system oil (301') providing tapped oil
15  (203) and replenishing the remaining system oil/consumable system oil (301’)
with a predetermined second amount of fresh(er) system oil/consumable
system oil (201). In this way, a part of the system oil/consumable system oil
to be added with a friction modifier is replenished. Alternatively, the tapping
and/or replenishing may be done continuously, near-continuously,
20 intermittently or according to other suitable schemes.

As used system oil/consumable system oil is tapped and replenished with
fresh, unspent or less spent system oil, the resulting system oil/consumable
system oil is of a more consistent quality and gradual deterioration is

25  minimised or avoided. In this way, enhanced and consistent performance of
the initial fluids resulting in further reduced component wear and equipment
lifecycle cost is provided.

In effect, this provides a ‘consumable’ system oil/consumable system oil as a
30 part of the spent system oil/consumable system oil is tapped and replenished
with fresh or fresher system oil. This is novel compared to prior art system
oil/consumable system oil where the system oil/consumable system oil is
kept in the engine system until about it has been degraded too much for
efficient use. After this it has to be replaced and the spent system
35  oillconsumable system oil would have to be handled as waste. A further
advantage of this is that the requirements for the system oil/consumable



25 mnimsed or avoided. In this way, enhanced and consi stent performance of
the initial fluids resulting in further reduced conponent wear and equi pnent
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oil (301') WIHBt her preferred enbodi nent, the systeni nethod further
conprises a BN nodifying systenm nmethod (400) that converts used system
O oo UL o Rp TG TR hmet Sy34E7AE00) by P afbley RESue SngEis™
' 15 be part of a separate loop, instead of the one used for addition of friction
modifier(s) to the system oil/consumable system oil (301’) .

In another preferred embodiment, the system/method further comprises a BN
modifying system/method (400) that converts used system oil/consumable

20 system oil into useable cylinder oil. See e.g. patent specifications US
Provisional 60/612,899 and European patent application number
04388064.0, both of the same applicant and both incorporated herein by
reference, for specific details of one implementation of a BN modifying
system/method (400).

25
In this embodiment the BN (total base number) modifying system/method
(400) comprises a controller (402) for creating a cylinder oil on the basis of
the tapped system oil/consumable system oil (203) by determining the BN of
the tapped oil (203), determining a desired BN of the cylinder oil (302) and

30 adjusting the BN of the tapped oil (203) accordingly by blending the tapped
oil (203) with at least one BN modifying additive (401) resulting in a cylinder
oil (302'), where said cylinder oil (302’) is supplied to cylinders or part of the
cylinders of said engine (300).

35 In this way, a method and system for converting/re-cycling a (used/spent)
system oil/consumable system oil into a useable cylinder oil by adjusting BN
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i s reduced ascanverted Inmrmélndedou nto cylinder oil. 15 The BN nodi fyi ng
additive may e.g. conprise at |east one base. Preferably

15 The BN modifying additive may e.g. comprise at least one base. Preferably
the at least one base comprises basic salts of alkaline or earth alkaline
elements, and/or detergents and/or dispersants. The cylinder oil may be
created with a BN in response to fuel oil characteristics and/or actual engine
operating requirements. Further the BN of the cylinder oil may be chosen

20 based upon sulphur-content of the used system oil. The used system
oillconsumable system oil may e.g. be selected from a group of lubricants,
hydraulic fluids, gear oils, system ails, trunk piston engine oils, turbine oils,

heavy duty diesel oils, compressor oils, etc.

25  The alkaline/earth alkaline elements may e.g. be K, Na, Ca, Ba, Mg or the
like. The basic salts may belong to the inorganic chemical families of e.g.
oxides, hydroxides, carbonates, sulphates or the like. The detergents may
belong to the organic chemical families of e.g. sulphonates, salicylates,
phenates, sulfophenates, Mannich-bases and the like. The dispersants may

30 belong to the organic chemical families of succinimides or the like.

Alternatively, the conversion of spent/used system oil/consumable system oil

into cylinder oil may be done without replenishing, i.e. the BN modifying

system (400) is connected directly into the engine or is connected to a
35 tapping system without replenishment.
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before application of the present invention, i.e. traditional efficiency, a
second part (212) illustrating neasurenents in a period during application
of the presenrds tanihe/seen by tha@raph K21Q) theraverall Bjedhanical effidiencymiasthenent s

the graph ( 2161° CRATEEN g FRBIE pbWErRRRE ok tE bhde, SEBr TR E! ©Y
15 an indicated maximum power output from the engine, is increased by
modifying the system oil/consumable system oil by adding at least one
friction modifier according to the present invention. More specifically, it can
be seen that the mechanical efficiency generally is higher in the second and
third part (212; 213) of the graph (210), i.e. during and after application of the

20  present invention.

Shown in Figure 2b is a graph (210) illustrating the loss of power of an
engine before, during and after use of the present invention. The graph is
separated into a first part (211) illustrating measurements in a period before

25  application of the present invention, i.e. traditional efficiency, a second part
(212) illustrating measurements in a period during application of the present
invention and a third part (213) illustrating measurements in a period after
application of the present invention. As can be seen by the graph (210) the
overall loss of power is generally reduced in the second and third part (212;

30 213) of the graph (210), i.e. during and after application of the present
invention.

In the claims, any reference signs placed between parentheses shall not be
constructed as limiting the claim. The word "comprising” does not exclude the
35 presence of elements or steps other than those listed in a claim. The word



rate between the effective power output fromthe engine seen in relation to
15 an indicated naxinun1pomer output fromthe engine, is increased by
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friction nodi |er accordlng to the present _invention. Mre speciftically, it
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present invention, i.e. traditional efficiency, a second part (212)
illustrating measurenents in a period during application of the present
invention and a third part (213) illustrating neasurenents in a period after
application of the present invention. As can be seen by the graph (210) the
overall |oss of power is generally reduced in the second and third part
(212; 30 213) of the graph (210), i.e. during and after application of the
present invention. In the clains, any reference signs placed between
parent heses shall not be constructed as limting the claim The word
"conprising” does not exclude the 35 presence of elenments or steps other
than those listed in a claim The word WO 2006/ 069572 PCT/ DK2004/ 000929 13
"a" or "an" preceding an el enent does not exclude the presence of a
plurality of such elenents. Patent Cains 1. A nethod of reducing fuel
consunption and environnental inpact in a two-stroke cross- head engi ne
(300) conprising a lubricating oil systemconprising systemoil and a

| ubricating oil systemconprising cylinder oil, the method conpri sing:
providing fresh or partially used systemoil (301, 301') from said engi ne
(300), adding (102) at least one friction nodifier (101) to at |east a part
of the fresh or partially used systemoil (301, 301'), where the addition
of the at |least one friction



nDdlfler (101) reduces the friction coefficient of the systemoil (301,
301'), resulting in a systemoil wth reduced friction (301 "), supplying
said systemoil with reduced friction (301 ") to said engi ne (300)
characterized in that the nmethod further conprises: tapping (202) a
predéterm ned first anount of the systemoil (301, 301') fromthe engine
(300) providing tapped systemoil (203), where tapping is done continuously,
near paRiMtiomigies! y or intermttently, creating (402) a cylinder oil on the
basis of the tapped systemoil (203) by determning at |east one critical
paraneter of the tapped systen1oi| (203), determning at |east one desired
and ad usting,said st .one critical

f | d 02
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friction nodifier is an ash-less frictio nmet hod
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fatty am des. accord |aim 2, wherein said | east one

ash-1 ess qucftardﬂmohbmdw@s th%&ﬂﬁiﬁns%fﬁ@%@eﬁttjﬁﬁgﬂwm o"d@ﬁﬂaww hiesuling
sor bi t ol ,| té gygiﬁy&,phﬁﬁ%gbce&hﬁgﬁgg fn d/or triethanol am ne or blends

t her eof . according t im2, wherein said at |east one
friction amplvmg saihaystereal with reducerbiristier (321 3 do saishendiee §8p of :

oot AESa (O ATh oIS AN, 01 0 ), Bt s e seed 2oy
epOXI des, taplpmga(%ﬂﬂ)faﬂpmd@pmlr@dsﬂrst amount of the system oil (301, 301) from the
engine (300) providing tapped system oil (203), where tapping is done continuously,
near-continuously or intermittently,
o creating (402) a cylinder oil on the basis of the tapped system oil (203) by
determining at least one critical parameter of the tapped system oil (203),
o determining at least one desired parameter of a cylinder oil (302) and adjusting said
at least one critical parameter of the tapped system oil (203) accordingly by
blending the tapped system oil (203) with at least one BN modifying additive (401)
resulting in a created cylinder oil (302’), and
o supplying said created cylinder oil (302’) to cylinders or part of the cylinders of said

engine (300).

2. A method according to claim 1, wherein at least one of said at least one friction modifier
(101) is an ash-less friction modifier.

3. A method according to claim 2, wherein said at least one ash-less friction modifier
comprises di-, tri- and/or tetra-esters of dimeric and/or fatty acids and/or fatty amides.

4. A method according to claim 2, wherein said at least one ash-less friction modifier

comprises neopentylglycol, pentaerythritol, sorbitol, trimethylpropanol, glycerol and/or
triethanolamine or blends thereof.
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fatty am nes, polyol esters, borated polyol esters al koxylated fatty

anm nes,. borated al koxyl ated fatty am nes, netal salts of fatty acids,
sul furized olefins, fatty imdazolines, or m xtures thereof 6. A nethod
according to claim1, wherein said at |east one friction nodifier (101) is
added at a predetermned rate so that the concentration of the added
friction nodifier(s) (101) is 0.2 - 2.0 %of said systemoil with reduced

frickiQmdiBOd actording t EBIA2d wHerOhdal at Rast 8h&¥rction1Rb8IfiBr E8inPridés bRESt
nod 101 d d th

s
one friction I fier ) I's adde at a predetermned rate so at the

conceinmpeg selecied frome the@seus pficti on nodifier(s) (101) is 0.5 - 1.5 % of
sai d systg@vekelid®s tBf 'H6H {Cld Odvriqi ! (o] A=

claim1, ﬁﬁlﬁ g!'l(rjlé\% h(gf met hgg(&lngyddsg%&(}?§%hé?l%®'oﬁl-métf\ta[fatﬁggggdgggrl\%eirgel ,
and/ or i nard/papastpreibd plant. 9. A nmethod according to claimi1, wherein the

step of, t [ further conprises replenishing the remaining system

oi | (351,%3(8#?%3&%%?5& predeterm ned second anount of fresher system oil

(201) , swhietty acspamvideshi ng i s done continuously, near-continuously or

interm ttf?'ﬁgle\b'o g A met hod according to claim1 wherein said systemoil is
r ﬁe gt

sel ect ed oup of: - a systemoil conprising additives for

| ong- t iemebqratddbfattyrepoxides] 15 - a consumabl e systemoil without |ong-tine

per f or LLLves. 11. A systemfor reducing fuel consunption in a
Cross- Eggféﬁ?'\?\aﬁb%’%’oke engine conprising a lubricating oil system conprising
syst emeoi polpolcesdedsybri cati ng system conprising cylinder oil, the system

conpri sin i nj far .adding at | east one friction nodifier
(101) 0 Shrafec Vel aelete 5'%?%%@?&%9?‘8?&( 301, 301'), where the addition
of t he eatbdrabst alkorylatddchattpramindsfi er (101) reduces the friction
coefficient qf hhe a/tgtem oil (301, 301'), resulting in a systemoil wth
reduced f'inle@ i°8 SP§ y)a%{ﬂ%r for supplying said systemoil with

o sulfurized olefins,

o fatty imidazolines, or
e mixtures thereof

6. A method according to claim 1, wherein said at least one friction modifier (101) is added
at a predetermined rate so that the concentration of the added friction modifier(s) (101) is
0.2 - 2.0 % of said system oil with reduced friction (301").

7. A method according to claim 1, wherein said at least one friction modifier (101) is added
at a predetermined rate so that the concentration of the added friction modifier(s) (101) is
0.5 - 1.5 % of said system oil with reduced friction (301").

8. A method according to claim 1, wherein the method is used offshore, on-site, on-board
a vessel, and/or in a land based plant.

9. A method according to claim 1, wherein the step of tapping (202) further comprises
replenishing the remaining system oil (301, 301’) with a predetermined second amount of
fresher system oil (201), where replenishing is done continuously, near-continuously or
intermittently.

10. A method according to claim 1 wherein said system oil is selected from the group of:

- a system oil comprising additives for long-time performance, and
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reduced friction (301 ") to said engine (300). characterized in that the
system further conprises a controller (202) for tapping a predeterm ned
first amount of the systemoil (301, 301') fromsaid engine (300) providing
tapped systemoil (203), where tapping is done continuously,
near-continuously or intermttently, and a controller for creating a
cylinder oil (402) on the basis of the tapped systemoil (203) by

det er gcBhagmabld SREmABIAWRAL I IGAY-LAA AL Flarfte é&mﬁ&oped system oil (203),

determ ning at t one eS|re paraneter o I nder oil (302) and
adjusting said at l|least one critical paranmeters of t he tapped system oil

203 di the .t d { 3) th at | t
BN bt Ry AR dRH 1G] CORRATOM G 7o heal BUoSPRRIEIONS FOTBESNS. and
for auwﬁdaltmg oslasy@taﬁwm| % g@lern &il bnd@aasno\,aﬁrfg sté ¢d1ﬁsr§ngrcymﬁfér of

t he 03{ i nders of “sai d _engine A system according to claim1l
wher 8l HhasYsteaL COMRESHY sai d at | east one friction nodifier (101) is an

ash-1 ess {afbiléﬁdlﬁg' umqhbzﬁfor abidtindaf 2P Bh@ §H&TH m%dtﬂérf(hmmolét ledbres ?hﬁ sai d

at | east one fricCtion fier conprises one or nore selected from

group of : of em.sgsge@éroilldéeué‘@wnwhane herdrition géthe pt laast gng) frickier magifierape
seed, SOVX@Z%dugé@/tﬂé Jﬁgﬁdtrpfcoeffimen Jfathéy?ﬁe&ﬁpwt(gm 304 Zt Fééuﬁﬁfsqdlnaﬁ‘ des,

fatty epo epoxi am nes, ters
borat ed paysiem edtwith eedusrd| lcéﬂnf@toﬂ /) aidn &, supmnrnst éaldalsk%tﬁm @tllewlthatty

am nes, led?ﬁ!:ﬁo'sn (?fmf ?M gﬂagngﬁe (30@5” furized olefins, fatty

i mi dazol i nes,
charactenzed m that the system further comprises

e a controller (202) for tapping a predetermined first amount of the system oil (301,
301’) from said engine (300) providing tapped system oil (203), where tapping is
done continuously, near-continuously or intermittently, and

o a controller for creating a cylinder oil (402) on the basis of the tapped system oil
(203) by determining at least one critical parameter of the tapped system oil (203),
determining at least one desired parameter of a cylinder oil (302) and adjusting said
at least one critical parameters of the tapped system oil (203) accordingly by
blending the tapped system oil (203) with at least one BN modifying additive (401)
resulting in a created cylinder oil (302’), and for supplying said created cylinder oil
(302’) to at cylinders or part of the cylinders of said engine (300).

12. A system according to claim 11, wherein at least one of said at least one friction
modifier (101) is an ash-less friction modifier.

13. A system according to claim 11, wherein said at least one friction modifier comprises
one or more selected from the group of:

o triglycerides (of animal and/or vegetable origin), such as rape seed, soy bean,

and/or castor oil,,

o fatty phosphates,

o fatty acid amides,

o fatty epoxides,

o borated fatty epoxides,

o fatty amines,

¢ polyol esters,
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14. A system according to claim11l, wherein the system (100) is |ocated

of fshore, on-site, on-board a vessel, and/or in a |land based plant. 15. A
systentaccording to claim11l, wherein the system further conprises: a
controller (202) for replenishing the remaining systemoil (301, 301') with
a predeterm ned second anount of fresher systemoil (201), where tapping
and/ or replenishing is done continuously, near-continuously or

intermttentl 16. A system according to claim1l wherein said system oil

i s sel éctté?faf‘%/ci)Pr?lﬁ/ﬂ‘eeﬂﬁé.@'ﬁ%ﬁat-edafg@ B¥Di| conprising additives for

| ong- t isnEpHratdPaIKBRYIGte PRty -andinegnsumabl e systemoi |l wi thout |ong-tine

per f ormance ddht i g?s 17.." A nethod according to claim1l, wherein the nethod
iSalg of Tathy

further cORH naGf&bl e systemoil (301) for use in an engine (300),
wherei R t&afipRelHefink00) is connected with a controller (202) for tapping a
predetermned first amunt of systemoil (301) fromthe engine (300)

provi di*ngfatty imidazelise®Rloi | (203) and for repl eni shing remaining system oil
(301) Wi thpaduisafgfeyfm ned second anmount of fresher systemoil (201), where
tapping and/or replenishing is done continuously, near-continuously or
intermttently. 18. A nmethod according to claim 17, wherein the consunmabl e

SYSt i Risystetn LRESTIRY RFcMirh i 1, WHAHERGNBLGStdnt 4 60) isM1684teb Hifshdre, ohlsite,

on-board a vessel, and/or in a land based plant.

15. A system according to claim 11, wherein the system further comprises:
+ a controller (202) for replenishing the remaining system oil (301, 301') with a
predetermined second amount of fresher system oil (201), where tapping and/or
replenishing is done continuously, near-continuously or intermittently.

16. A system according to claim 11 wherein said system oil is selected from the group of:
- a system oil comprising additives for long-time performance, and
- a consumable system oil without long-time performance additives.

17. A method according to claim 1, wherein the method further comprises a consumable
system oil (301) for use in an engine (300), wherein the engine (300) is connected with a
controller (202) for tapping a predetermined first amount of system oil (301) from the
engine (300) providing tapped system oil (203) and for replenishing remaining system oil
(301) with a predetermined second amount of fresher system oil (201), where tapping
and/or replenishing is done continuously, near-continuously or intermittently.

18. A method according to claim 17, wherein the consumable system oil is formulated with
reduced additive(s) treat rate(s).
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