WO 2007/ 057007 PCT/ DK2005/ 000740 1 Inproved fuel efficiency for trunk
pi ston four-stroke diesel engines. FIELD OF THE I NVENTI ON The i nvention

rel ates tywppao@wsicet for reducing fuel consunption in a pewokGesidobREE trunk
pi ston di esel engine. Further, the invention relates to a nethod of

reduci ng fuel consunption in a four-stroke trunk piston di esel engine.
BACKGROUND OF THE | NVENTI ON Di esel engk nes used onboard certain types of
vessel s and/or used in certain 1o stationary applications are typically of
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Two-stroke cross-head engines used in marine and/or stationary applications

are equipped with two separate lubricating oil systems. One lubricating
15 system comprises so-called system oil/system lubricant 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/cylinder

lubricant) that normally is used for lubrication of the engine’s cylinders, piston
20 rings and piston skirt.

Four-stroke trunk piston diesel engines, however, typically use only a single
oil type for lubrication and cooling. Such engines are typically used as
secondary/auxiliary or propulsion engines on ships, or in stationary power

25  generation or liquid/gas transmission applications. Such oils typically have a
SAE viscosity of about 30 or 40.

Trunk piston engine oils are constantly affected by exposure to the
combustion process whereby the useful properties of the trunk piston engine
30 oil is degraded over time as the oil become more and more spent until finally
the oil will have to be either replenished or completely changed. This
degradation process cannot be reversed or halted by separators or the like.

Contaminations caused by engine and part wear, particle pollution (e.g. from
35 combustion by-products), oxidation, hydrolysis, etc. further degrade the
quality of the oil over time in addition to the oil degrading simply from being



conbusti on process whereby the useful properties of the trunk piston engine
30 oil is degraded overtine as the oil becone nore and nore spent until -
finally the oil will have to be either replenished or conpletely changed.
This degradati on process cannot be reversed or halted by separators or the
I'i ke. Contam nations caused by engine_and part wear, particle pollution
(e.g. from 35 conbustion by-products),zoxidation, hydrol ysis, etc. further
degrade the quality of the oil over tinme in addition to the oil degrading
sinply frombeing 2 used, which speeds up the degradation process. The
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for use1Dn tjeepardjzedsWhem:thelgnginenoibfis ammac}mg aﬂs cortlaempiag limit it will
have to be replenished or changed. Changing the oil is usually done by de-
bunkered the oil, which is a costly process, or storing the oil as waste for later
burning resulting in emissions. ‘

15 To prolong the usable time of oils used in such engines, suited additives
and/or additive packages are added to the base oil in order to obtain a fully
formulated oil. Such blending is typically done at dedicated land based blend
plants and the fully formulated oil has to the delivered to a ship or an off-
shore plant for use In the engines. The addition of additives or additive

20 packages increases the cost of the engine oil significantly.

Patent application WO 02/087726 A1 discloses an auxiliary filtration system
and filtering method where the auxiliary filtration system consists of an
auxiliary filtration device, an integral oil transfer pump controlied by an

25 ' electric motor being controlled by an control unit, an electronic pressure
sensor, and fluid conductors.

"Engine oil is pumped from an oil pan of the engine through an auXiliary'filter ‘

before it is returned to the oil pan of the engine e.g. through an optional
30 cooler. An electrostatic agglomeration system may be used to enhance the

ability of -a filtering media. '



20 packages Increases the cost of the engine oil significantly. Patent
application WO 02/087726 Al di scloses an auxiliary filtration system and
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25 electric notor being controlled by an.control unit, an electronic
pressure sensor, and fluid conductor<s2a Engi ne oil is punped fromanoil pan
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10 J engine that sg]ves the above-mentioned (and other) shortcomings. A further
object is to provide this in a cost-effective and simplified way that requires

little modifications of existing systems.

These objects, among others, are achieved by a system for reducing fuel
15 consumption in a four-stroke trunk piston diesel engine, the system
comprising: a replenishment system connected to receive engine oil from a .
four-stroke trunk piston diesel ehgine and to receive repienishment oil, where
the replenishment system is configured for mi)iing the engine oil and the
replenishment oil resulting in a mixed oil that is introduced into the engine.



four-stroke trunk piston diesel engine and to receive replenishnent oil,
where the replenishnment systemls configured for mxing the engine oil and

the rephgohrefefp70i| resulting in a mxed oil that |st@;Dré@g¢m§l74bnto t he
engi ne. WD 2007/ 057007 PCT/ DK2005/ 0007405 3 Since the degradation process of

the engine oil effectively is slowed by replenishing it the above nentioned
adverse effects of the degradation process are reduced or slowed or even
avoided in a sinple way. Thus, the repleni shnent systen1provides enhanced
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t he present periedof tlme fonthe ergjoeodds ﬁfoiomg%djapt ation of exi sting syst ens.
I n one enbodi ment, the repl eni shnment system conprises a mxing unit
10  Further, the normal engine oil need not contain so many additives since it is
replenished whereby cheaper engine oil (since it do not need to contain
additives or additive packages) can be used without compromising the
efficiency of the engine.

15 The efficiency of the engine is also increased as it in a longer period of time
uses oil having a lower viscosity.

Thus great economical savings and environmental improvements are
achieved.

20
Further, the addition of a replenishment system according to the present
invention only requires minor adaptation of existing systems.

In one embodiment, the replenishment system comprises a mixing unit
25 receiving the replenishment oil and the engine oil and mixing them according
to a predetermined rate resulting in the mixed oil.

In one embodiment, the replenishment system is configured for mixing the
engine oil and the replenishment oil on a continuous, near-continuous or
30 intermittent basis.

In one embodiment, the reblenishment system is configured for introducing
the mixed oil to the engine on a continuous, near-continuous or intermittent
basis.

35



25 receiving the replenishment oil and the engine oil and m xing them
according to a predetermned rate resulting in the mxed oil. In one
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intermttent basis. In one enbodi nent, e repl eni shnment systemis
configured for introducing the m xed 0| | to the engine on a continuous,
near-continuous or intermttent basis. 35 WO 2007/ 057007 PCT/ DK2005/ 000740
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conpri si ng awonditiomafrtbesill ect ed fromthe group of a Calciumdetergent, an
al kal i tal detergent, an alkali-earth netal detergent, an anti-wear
additive; a dispersant, a friction nodifier, and anti- 10 oxidants. In one
enbodi nent , Ihfmeeegibwlmenustbd r'eplemmh’mmtanl sohraprises ioneagpimocartadditives | n one

enbodi nent e e n-sit 1l | and base
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of : a Calcium detergent, an alkall metal detergent, an alkali-earth metal
detergent, an anti-wear additive, a dispersant, a friction modifier, and anti-
10 oxidants.

In one embodiment, the engine is used in marine or stationary applications.

In one embodiment, the engine is used offshore, on-site or in a land based
15  plant.

In one embodiment, the replenishment oil is selected from the group of:
- a heavy fuel oil,
— bunker oil, and
20 — residual fuel oil.

The present invention also relates to a method reducing fuel consumption in
a four-stroke trunk piston diesel engine, which corresponds to the system of
the present invention. '

25
More specifically, the invention relates to a method of reducing fuel
consumption in a four-stroke trunk piston diesel engine, the method
comprising the steps:
e receiving engine oil from a four-stroke trunk piston diesel engine and
30 receiving replenishment oil in a replenishment system, and

¢ mixing the engine oil and the replenishment oil resulting in a mixed oil
that is introduced into the engine.

Advantageous embodiments of the method according to the present
35 invention are defined in the sub-claims and described in detail in the



- a heavy fuel oil, - bunker oil, and 20 - residual fuel oil. The pr esent
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Figure 1 illustrates a schematic block diagram of a prior art four-stroke trunk
10 piston engine system;

Figure 2 illustrates a schematic block diagram of a four-stroke trunk piston
engine system according to one embodiment of the present invention; and

15  Figure 3 illustrates a schematic block diagram of a preferred embodiment of
a replenishment system according to one embodiment of the present
invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

20  Figure 1 illustrates a schematic block diagram of a prior art four-stroke trunk
piston engine system. Shown is a typical prior art four-stroke trunk piston
engine (100) connected to its oil system responsible for cycling oil through
the engine during use thereby cooling and lubricating the engine (100) and
other parts of the system.

25
Oil being tapped from the engine (100) is typically passed through a first filter
(110) by a pump (not shown) or the like where the filter (110) is responsible
for removing small particles, insolubles, wear debris, etc. from the oil. After
this, the oil is passed to an engine oil container (101) or the like. Connected

30 to the oil container (101) is a separator or filter (111) (forth only denoted
separator) that receives some of the oil from the container (101) and
removes dirt, wear debris from engine components, water caused by
hydrolysis, etc. typically by spinning. The separator (111) may also remove
unwanted chemical compounds like CaSos, etc. The resulting unwanted

35 materials are removed from the system as waste or sludge.



lo piston engine system Figure 2 illustrates a schematic bl ock diagram of a
four-stroke trunk piston engine system according to one enbodi nent of the
present: invention; and 15 Figure 3 illustrates a schematic bl ock di agram of
a preferred enbodi nent of a replenishnent system according to one

enbodi nent of the present invention. DESCRI PTI ON OF PREFERRED EMBCDI MENTS
20 Figure 1 illustrates a schematic black diagramof a prior art four-stroke
trunk piston engine system Shown is a typical prior art -four-stroke trunk
pi ston engine (100) connected to its oil systemresponsible for cycling oi

t hrough. the engi ne during use thereby cooling and | ubricating the engine
(100) and other parts of the system 25 G| being tapped fromthe engine
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engine efficiency, mcreased fueI consumptlon etc. When the oil is
10  approaching its condemning limit.it will have to be replenished or changed
and is discarded as waste and stored for later de-bunkering or burning.

Figure 2 illustrates a schematic block diagram of a four-stroke trunk piston
engine system according to one embodiment of the present invention. The
15 illustrated system comprises a four-stroke diesel piston engine (100), a first
filter (110), an oil container (101), a separator (111) and another filter (112) .
connected and .corresponding to the ones shown and described in
connection with Figure 1. . '

20 Further shown is a replenishment system (102) according to an embodiment
of the present invention. The replenishment system (102) is connected to
receive some of the engine oil after leaving the engine (100) e.g. via a three-
way valve (113) or some other flow and/or rate controlling means.

25 Preferably, the replenishment system (102) receives engine oil after it has
proceeded through the separator (111) so it is cleaner than if it was tapped
directly from the oil container (101). Alternatively, the replenishment system
(102) could receive engine oil directly from the oil container (101) whereby
the three-way valve (113) is not needed or from another place in the engine

30  system.

The replenishment system (102) mixes replenishment oil (120) (e.g. heavy
fuel oil (HFO), residual fuel oil, bunker-oil or thelike) received from an



(112) renoving small particles, insolubles, debris, etc. and water and othe
materials, of different density.SG e.g. the sane or, as preferred, a :
different 5 technique.(e.g. using a centrifuge nechanism than the first
filter (110) before being introduced into the engine (100) for use again.
As mentioned earlier, the oil |s degrad#l by this process causing decreased
engi ne efficiency, increased fuel consunption, etc. Wien the oil is 10
approaching its condemming limt it will have to be repl enished or changed
and is discarded as waste and. stored for |ater de-bunkering or burning.
Figure 2 illustrates a schematic bl ock diagram of a four-stroke trunk piston
engi ne syst eadequatedource dlikma@ eomtaitiergtanioor the like )k witht therreeeiveshengine 15
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filter (112)mixedcwithdrashdorfreshermait. Tdwepmixgdgil (103)is therintsddwsedimto the
desCribed in__connection with Figure 1. 20 Further shown is a repl eni shnent
systen1(102fﬂ§ygsﬂﬁing to an enbodi nrent of the present invention. The
repl eni shnent system (102) Is connected to receive sone of the engine oi
after feaving the engine (100) e.g. via a three- way valve (113) or sone
other flow and/or rate controlling neans. 25 Preferably, the repleni shnent
system (102) receives engine oil after it has. proceeded through the
separator (111) so it is cleaner than if it was tapped directly fromthe
oil container (101). Alternatively, the replenishnent system (102) could
receive engine oil directly fromthe oil container (101) whereby the
three-way valve (113) Is not needed or from another place in the engine 30
-system The repl eni shnent system (102) m xes replenishnent oil (120) (e.g.
heavy .



fuel oil (HFO, residual fuel oil, bunker-o0il or the like) received froman
6a adequate source (like a container, tank or the like) with the received
engine oil thereby creating a mx.of oil (103) that effectively is |ess
spent as it is mxed with fresh or fresher oil. The m xed oil (103) is then
introduced into the engine in 7 addition to the engine oil being

i ntroduced normal |y as described in connection with Figure 1 fromthe oil
cont ai ner (101). The nmixed oil (103) may be, supplied to the engine (100) on
a continuous, 5 near-continuous or intermttent basis. In one enbodi nent,
the repl eni shnent oi | 120) (HFO, residual fuel oil, bunker oil, etc.) al so
conpri ses oradditionpta iengins athdberngadntrodu@ed pacmaglas asThdeseritied vias may
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a conti nfiouspearecuntinyousrardntermittentrasisi t t ent basi s. Since the degradation
process of the engine oil effectively is slowed by replenishing it the
above nentioned adverse effects of the degradation 20 process are reduced

or slowed orlnevpe ewbodhitient,htiee replenistrhent SilNEtR0)s4FON wsidualemetrdnanced
Ciuces il B o, iaie ey . oge (hhahied hidr' Bodiea'
packages. The additives may e.g. comprise a Calcium detergent, alkall
10  metal(s) detergent(s), alkali-earth metal detergent(s), anti-wear additives,
dispersants, friction modifiers, anti-oxidants, etc. improving the
engine/system condition and/or efficiency in some way or another.

The replenishment system (102) may be confi gured for mixing the engine oil -
16 and the replenishment oul (120) on a contlnuous near-continuous or
" intermittent basis. ‘ ‘

Since the degradation process of the engine oil effectively is slowed by
replenishing it the above mentioned adverse effects of the degradation
20 process are reduced or slowed or even avoided. Thus, the replenishment
" system provides enhanced and consistent performance of.the initial engine
oil resulting in greatly reduced component wear and equipment lifecycle cost.
Even further, a more environmentally friendly system is provided since less
waste in the form of spent oil is produced as the usability period of time for

25 the engine oil is pblonqed.

Further, the normal engine oil need not contain so many additives since it is

replenished whereby cheaper engine oil (since it do not need to contain

additives or additive packages) can be used without compromising the
30 efficiency of the engine.

The efficiency of the engine is also increased as it in a longer period of time
uses oil having a lower viscosity. '



Even.further, a nore environnmentally friendly systemis provided since |ess
waste In the formof spent oil is produced as the usability period of tine
for 25 the engine oil is prolonged. Further, the normal engine oil need not
contain so many additives since It is replenished whereby cheaper engine
oil (since it do not need to contain additives or additive packages) can be
used wi thout conprom sing the 30 effich;ncy of, the engine. The efficiency
of the engine is also increased as it in a |longer period of tinme wuses oi
having a |l ower viscosity. 7a .Further, the addition of a replenishnent
system according to the present invention only requires mnor adaptation of
exi sting systens. WO 2007/ 057007 PCT/ DK2005/ 000740 8 The engi ne (100) -
according t f e 0 b ispe isonary
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schematic b|nnmnfmragnb{rreqmrespnmmaptatmai mating)systameepl en| shrrent system
‘according to one enbodi ment of the present invention. Shown is an engi ne
system corresponding to the one in Figure 2 wth the addition of a nore
det ai | ed enbodi ment of the replenishment system (102). In this enbodi nent,

t he repl eni shnment system (102) conprises a io mxing or blending unit (114)
(forth only referred to as mxing unit) or the like that receives the
engine oil via the three way valve (113) fromthe separator (111) (or
alternatively directly fromthe oil container (101) and fresh (or at |east

| ess spent oil than the engine oil) heavy fuel oil (HFO, bunker oil,



residual fuel oil, etc. The mxing unit (114) m xes the HFO and the spent 15
engine oil resulting in the I ess spent mxed oil (113) that is introduced

into the%(frgfgz@%&éiooy The m xing unit (114) can be anlycﬁ)ﬁg&sfg&@%xi ng

unit, cap ing oils at the required rates 20 In"a pfre

enbodi ment, the rate of mxing is dependéent on at |east one neasured actual
condition of the oil. The neasured condition could e.g. be the pollution

| evel or condemming | evel of the engine oil. In a preferred enbodinent, the

rate of mxing is automatically adjusted in response to at 25 | east one
actual condition of the oil that preferably also is neasured autonatically
and provi dedThe ergineri(100) accondingl tet)the presenti inyentiok qar0£)g.dve tused| inke may

be inserted A I Xi.nd (4 ] e 3 engi ne system
(101/111). Tﬁ\%bﬂﬁgﬁqéﬁﬂg’{gﬁéa%?ﬁ’%a?g@g‘ﬁ Q@%Heaésﬁdamrfesi‘gr%‘oi r of engine oil
comng fromthe separator (111). This may be useful if the rate of
I nt roduci_ng e | 1 | O ' | he rate
of enginé o Fofed 5 fistPates fctamAlEiok askalf of & MSertelf embrnd of
addi ti onal oal replerishiment osyshems pstendinghdoebpei embealimegt tdfetheotpresent! une
of oil it may be.ne sary to h r a [ 1 f the oil
contai ner  sbvedudly SaSRAYs ah il Sbien 2ore88SRGAB3E Y Sns Figtie 2
PCT/ DK2005/ ORftf 4ite additionasfd mioee detdiled lenjiddinembpf tHesrephenisimaent séterht er t he
m xi ng unit ) fqr.. holding the m xed ai 113) befo ht is introduced
Mro The-engt el i dhis SESLaht bR SrlafkhmhtSyalih o H2) eoriphds, 8”or
hol di ngibankmixkag or blervdig editi(mt4) (forth only referred to as mixing unit) or the like

that receives the engine oil via the three way valve (113) from the separator

(111) (or alternatively directly from the oil container (101) and fresh (or at

least less spent oil than the engine oil) heavy fuel oil (HFO), bunker oil,

residual fuel oil, etc. The mixing unit (114) mixes the HFO and the spent

15 engine oil resulting in the less spent mixed oil (113) that is introduced into the
engine (100).

The mixing unit (114) can be any standard mixing unit capable of mixing oils
at the required rates
20
In a preferred embodiment, the rate of mixing is dependent on at least one
measured actual condition of the oil. The measured condition could e.g. be
the pollution level or condemning level of the engine oil. In a preferred
embodiment, the rate of mixing is automatically adjusted in response to at
25 least one actual condition of the oil that preferably also is measured
automatically and provided to the mixing unit (114).

A holding tank (104) or the like may be inserted between the mixing (114)

and the rest of the engine system (101/111). This holding tank (104) may act
30 as a reservoir of engine oil coming from the separator (111). This may be

useful if the rate of introducing the mixed oil (113) into the engine is not the

same as the rate of engine oil passing through the separator (111). Further,

since additional oil is added to the system thereby increasing the total volume

of oil it may be necessary to have extra storage capacity if the oil container
35 (101)is not of an adequate size.



t he engi ne whenever operations requires it, which sinplifies the process of
S introducing the mxed oil (103) into the engine. Qther rates of

i nt roduciyi@adoifs7opd Xed oi | (113) into the engine may bepdtisk, @g i cabl e.
In this way, the typical degradation pro§ess of the engine ol i's slowed by

replenishing it the adverse effects assoCiated with the degradati on process
to are reduced or slowed or even avoided in a very sinple way. Thus, the
repl eni shnent system provi des enhanced and consistent performance of the

nitial . : . e : .
| ecycl o oot 28altghf K, [0s) Indl, 6l e TRt oA R iBknd o (378 ' P
provi ded si radingsthevmixed ¢ih(118) Hefone ibls ntreduced Ilntosthprengmdm&) fThe

oreat econofdefioR 18k L10%) m8k £ §rheRO0R, 6 homePCREE(S onBipd Y8R |
ot 1 CL e e ot Lt g ¢ tm’“?&“"“ﬁ i ‘Sde
She 50" Br esoitesibht R ritEa SR 1 Bo) FH8 14 ERoinRo e Cles o Rifhaliting B,
The word " a"mixed'ain(118) intedhe engimeahaybetjusteesapplicable:| ude t he presence of a

plurality of such elenments. 10 Patent Cainms: -------------------- 1. A
four-stroke trunk piston diesel engine conprising a systemfor reducing fuel

consunpt i on, Int this 9yay} ¢ne cppipal dégu@datlen rpeod:as’ ehtreniengirgt oinig bXyed dbynect ed
?Zp{iﬁ?LXﬁeﬁ’r‘@' Iapisting (165, SrUSte ifests BaSPQRtE,pith dhe, JTBNANIL Pioesdng t he
repl eni sbmendreordducédOgr, siowed mtéﬁemgvadeuxnadawéry(ésﬁ@)e way. Thus, the
replenishment system provides enhanced and consistent performance of the
initial engine oil resuiting in greatly reduced component wear and equipment
lifecycle cost. Even further, a more environmentally friendly system is
provided since less waste in the form of spent oil is produced as the usability
15  period of time for the engine oil is prolonged. Additionally, great economical |
savings and environmental improvements are achieved.

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

or "an" preceding an element does not exclude the presence of a plurality
of such elements.



bei ng i ntroduced into the engine (100), characterized in that the
repl eni shnent system conprises a mxing unit (114) receiving the
repl eni shment oil (120) and the enginé%oil and mixing them according to a
predetermned rate resulting in the mxed oil (103). 2. A four-stroke trunk
pi ston di esel engine according to claim1, wherein the oil replenishnment
system (102) is configured for m xing the engine oil and the repl eni shnent
oil (120) on a continuous, near-continuous or intermttent basis. 3. A

fou r5§5 %%S trunk piston dlesel engi ne according to claims 1 - 2, wherein
the oM ¢BI®%i shnent system (102) is configured for i ntroduci ng the mixed
oi | Q103}“LnnLhe engine (100) on a continuous, near-continuous or
|ntern1ét A four- stroke trunk piston diesel nglne accordlng to

cl ai s s?w%@rémﬁkamss&rb digsel BNGINGg COMPIENE e SYSfemnPrt frducing fuel

r epl @6h§lh‘rﬁpﬂéthé sg,ggp,) Cbﬁq;ﬂli@ adent on at | east one neasured actual
condition of the the rate of mxing is automatically adjusted in

respons® fo r?ﬂ’f@“'égmeé‘ésﬁysé% 4t02)acoppegiedi on r@'Fe'V%eo'blfrornSth% gngine |ndoke
trunk pi Sfrémeﬁﬂsﬁﬁ@nt%ﬂqwg) aEretthB Dif Rpfdrid et s s‘iem"‘("l@??'lé‘cé ured for

repl eni shnment oil (120) conhprises one or nore addltlves and/or additive
packages M¥¥RgrtheeRgineneil and the serlenisbment ol $12Qn éheyrasiing a aniced oil (#03)

det er gent beﬁ\-@, ,ﬁ{rbahéed'rﬁ{.téllthe gﬁ%,ﬁég@@?) an al kali-earth netal detergent, an
anti-wear additive, ersa riction nodifier, and anti-oxidants.

6. Achaiactesizesiin thauﬁe rpp rﬂer&ﬁst@ngpﬁuort@@w Ani¥ing usitdl 4 heeceivingsthe
Wner ?éf-ﬁ]eﬁ@hﬁwe‘ﬁ%'il"(‘?zoﬁé%’)thé %ng&%doﬂ Ind8hixiHy men?ge&bmgj o Q&%H%@r‘ng{éﬂ 11

our - st roke | esel engl ne~accor
wher &ate r@aulangﬂfgtheemlxeﬁ;@ (103)used of fshore, on-site or in a |land based
plant. 8. A four-stroke trunk piston diesel engine according to clains 1 -

7, wherein the _
2. A four-stroke trunk piston diesel engine according to claim 1, wherein the oil

replenishment system (102) is configured for mixing the engine oil and the replenishment
oil (120) on a continuous, near-continuous or intermittent basis.

3. A four-stroke trunk piston diesel engine according to claims 1 — 2, wherein the oil
replenishment system (102) is configured for introducing the mixed oil (103) to the engine
(100) on a continuous, near-continuous or intermittent basis.

4. A four-stroke trunk piston diesel engine according to claims 1 — 3, wherein a rate for
mixing the engine oil and the replenishment oil (120) is dependent on at least one
measured actual condition of the oil, where the rate of mixing is automatically adjusted in
response to the at least one actual condition of the oil.

5. A four-stroke trunk piston diesel engine according to claims 1 — 4, wherein the
replenishment oil (120) comprises one or more additives and/or additive packages
comprising one or more selected from the group of a Calcium detergent, an alkali metal
detergent, an alkali-earth metal detergent, an anti-wear additive, a dispersant, a friction
modifier, and anti-oxidants.

6. A four-stroke trunk piston diesel engine according to claims 1 — 5, wherein said engine
(100) is used in marine or stationary applications.



repl eni shnment oil (120) is selected fromthe group of: - a heavy fuel oil
(HFO, - bunker oil, and - residual fuel oil. 9. A nethod for reducing fuel
consunption in a four-stroke trunk pilst on di esel engine (100), the nethod
conprising: receiving engine oil froman engine in an oil replacenent
system (102), receiving replenishnent oil (120) in the oil replenishnent
system (102), and m xi ng the engine oil and the repl enishnent oil (120),

i nt r pdNGbigstrdie fruNRPigtbh diddstlengiiePatdtidmador@aiftdd?)- 6, gharaftsaid eRginEN
that the oil irgrggﬁemshmant system go rises a mxing unit (114) and m xes

t he (100pisHseh org; Pnsite@r IR AJap@ OagediPtoi | according to a predeternined
rate resulting in the mxed oil (103). 10. A nethod according to claim?9,

wherein the oil repleni shment system (102) nixes the engine oil and the
r epl 8nifsHanstrele tunkopisten diesel PRAVES acerraNg: ot ¢lamtisT or 4 nweetain tteRt

basi gepldrlisheABSINCR0AGE SeEREY frdmahaigduPof: 10, wherein the oil _
repl eni shnent system (102) introduceés the mxed oil (103) to the engine

(100) on @heamy TYrlQISHFJar - conti nuous or intermttent basis. 12. A met hod
accor dingpsker!ail BRd9 - 11, wherein a rate for mxing the engine oil and the
repl eni shment oi [ (120) is dependent on at |east one neasured actual

condi t ionresiduahéualioil, "~ where the rate of nmixing is automatically adjusted in
response to the at | east one actual condition of the oil. 13. A nethod

according to claims 9 - 12, wherein the replenishment oil (120) conprises
9. A method for reducing fuel consumption in a four-stroke trunk piston diesel engine

(100), the method comprising:
¢ receiving engine oil from an engine in an oil replacement system (102),
e receiving replenishment oil (120) in the oil replenishment system (102), and
¢ mixing the engine oil and the replenishment oil (120),
e introducing the mixed oil (103) into the engine (100),
characterised in that
e the oil replenishment system comprises a mixing unit (114) and mixes the
replenishment oil (120) and the engine oil according to a predetermined rate
resulting in the mixed oil (103).

10. A method according to claim 9, wherein the oil replenishment system (102) mixes the
engine oil and the replenishment oil (120) on a continuous, near-continuous or intermittent
basis.

11. A method according to claims 9 — 10, wherein the oil replenishment system (102)
introduces the mixed oil (103) to the engine (100) on a continuous, near-continuous or
intermittent basis.

12. A method according to claims 9 — 11, wherein a rate for mixing the engine oil and the
replenishment oil (120) is dependent on at least one measured actual condition of the oil,
where the rate of mixing is automatically adjusted in response to the at least one actual
condition of the oil.

13. A method according to claims 9 — 12, wherein the replenishment oil (120) comprises
one or more additives and/or additive packages comprising one or more selected from the
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one or nore additives and/or additive packages conprising one or nore
selected fromthe 12 group of a Calciumdetergent, an alkali netal
detergent, an alkali-earth netal deterggent, an anti-wear additive, a
di spersant, a friction nodifier, and anti-oxidants. 14. A method according
toclains 9 - 13, wherein said engine (100) is used in marine or stationary
applications. 15. A method according to clains 9 - 14, wherein said engine

(100) is used of fshore, on- site or a | and based Fl ant. 16. A nethod
accor oNg Af@ Galsiur detergent, apnalkal mqt@ﬂéth@'iﬂe@ﬁlajhﬁ'éﬁ -egrth metap vletasgent; apt ed

]‘:Lce’lm ér'i‘lﬁwlé'é%@d@if/e a dispgePsant, hYaétiod hotiilePand antR¥Rigahts?i | . and - residual
14. A method according to claims 9 — 13, wherein said engine (100) is used in marine or
stationary applications.

15. A method according to claims 9 ~ 14, wherein said engine (100) is used offshore, on-
site or in a land based plant.

16. A method according to claims 9 — 15, wherein the replenishment oil (120) is selected
from the group of:

— a heavy fuel oil (HFO),

—~ bunker oil, and

-~ residual fuel oil.



