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Pro Concentrate PLUS

INTRODUCTION

TRUST A LEADER

WHYExcellium Pro
ConcentratePLUS

The purpose ofexcellium Pro Concentrat®LUSadditive is to bring to
professionals (B2B segment) the performances of Excellium® fuels in
where the retail or general sale of this premium fuel technology is
available. Excellium Pro Concentratd’LUSis designed to protect ant
preserve large rgines as highly valuable assets, with affordable cost.

TotalEnergies Additives & Fuels SolutiofAFS)is a major player in the
design and the production of high performance fuel additives since 40 y
AFS has the double characteristic of being the only additive conipaiue
a major retail companybut alsothe only additive company with ihouse
specid fuels design capability. Benefiting from wedlhss R&D centers ar
understanding the reality and the needs of fueke AFS designs optimize
products and supplies major retaileaad B2B customer@round the world.

As opposed to many diesel addésravailable on the market aneédause it
is proposedby a major fuel retailerExcellium Pro Concentraté®LUS
provides all the laboratory and engine testdocumentation and
performances expecteddm a premium diesel fuel additive:

i strong engine cleanlinessnd injectors protection (especially for
commontrail technologies)
depositscleanup and power recoveryeffect
combustion improvement(cetane number increase)
up to 3,3 fuel economy
enginewear protection
anticorrosionprotection and antifoaming effect
dieselfilterability improvement.

E R N

This combination of performancesxtends engine lifetimeprovidesvalid
fuel economy figures and contributes to a lower emissions pattern.

Excellium Pro ConcentratPLUSs compatible with all materials used i
engines and aftetreatment devices.

Excellium Pro Concentrat®LUSperforms in all fuels, even with hig
amounts of bio or renewable products as it counterbalances
compensates their possible drawbacks (oxidation stability for FAME, lub
forrereg 6t S RAS&SE &dzOK | +hX0®
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n Pro Concentrate PLUS

TREAT RATEEPERFORMANCE

The treat rate ofExcellium ProConcentrate PLUSis setat 700ml/m3
(0,7L/1000L)

TYPICAL PERFORMANCE & TREAT RATE

Additive Excellium Pro ConcentrateLUS
Treat rate (ml/m3) 700
Technical features
Fuel econom; Up to 3,3%
XUDS injector flow los <5%
DW10B power chang 0%
DEUTZ Hidrque change Pass
Engine cleawup > 90%
DEUTZ HD lacqueri Pass
Cetane increas +1 to +3pt
HFRR wear reductic improves

Anticorrosion protectior

MAJE? O0b! /9 WI QO

Water separatior Xbase fuel
Oxidation stability +10h Rancimat boost
Antifoaming <50ml/5s

Excellium Pro ConcentratePLUS meets the engine performance
requirements of theWorldwide Fuel Charter highest categories. It has be
tested against all industry standard tests in independent laborasdior
both engine keegclean and cleawp abilities.

But more than this, Excelllum Pro Concentrate PLUS8onfirms its

performance and customer benefitsy numerous vehicle testgpassenger
car, heawyduty truck, tractor) with gositive contribution @ fuel economy
and naharm on emissiondAll the results of these vehicle tests are descrit

in the following pages.
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Pro Concentrate PLUS

PRODUCTHARACTERISTICS

PROPERTIES

FTIR SPECTRUM

The physicathemical properties of pur&xcellium Pro ConcentratPLUS
additive are detailed in the table below:

PHYSICACHEMICAL CHARACTERISTICS

Excellium Pro ConcentrateLUS

Appearance Visual Orangeliquid
Density @15°C EN ISO 12185 933kg/m3
Kinematic viscosity

@40°C 8,3mm?2/s
@20°C ASTMD 445 15 mma?/s
@-10°C 57 mm?/s
Pour Point ASTM D97 <-30°C
Flash Point ASTM D93 66 °C
TBN ASTM D2896 14,8 mgKOH/g
Nitrogen content ASTM D5291 4,3 %w

Excellium Pro ConcentrateLUSresents easy handling properties
(adaptable on demand).

_________________________
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um Pro Concentrate PLUS

ENGINPERFORMANAJESTS

INJECTOR CLEANLINESS
XUD9 keepgclean

ylinder3
,' 785

The PSA XUD9 engine (4 cylindgrdirect injection 1.9L displacement) is
used to evaluate theropensity of diesel fuel and diesel additives to prevent
deposits formation in injector nozzles. The engine is operated at low

speed/load for a period of 10 hours. XUD9 is a worldwide reference test for
diesel fuel quality.

The propensity of the fuel tpromote deposits formation in the nozzles is
determined by measuring the injector nozzles air flow before and after the

test (pneumatic measurement)lhe results are given in terms of airflow
reduction(%).

INJECTOR FOULING TEST XUD9 (GBQ F23

Labordory Intertek

Base fuel B7 EN590 BI0EN16734 / CEC RFGI®
Additive I EPG @700mlI/m3
Airflow loss 758% | 2,7%/ 72,8% 1,0% / 26%!/ 0,5%

*test run withR&D code E4G87

100
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at leas 95%

\ess deposits

D
o

N
o

N
o

Average flow loss (%)

o

no additive with additive

Excellium PraConcentratePLUSotally preventsinjector deposits buileup
(<3% flow loss compared to ~75% with unadditized diesel) for all possible
fuel types, from biofree diesel up to B10 EN16734 fuels.
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um Pro Concentrate PLUS

ENGINE PERFORMANCE TESTS

INJECTOR CLEANLINESS
XUD9 tean-up

The PSA XUDB9 engine (4 cylinderdirect injection 1.9L displacement) is
used to evaluate the propensity of diesel fuel and diesel additives
prevent deposits formation in injector nozzles. The engine is operatec

low speed/load for a period of 10lrs. XUD9 is a worldwide reference tes
for diesel fuel quality.

Thetest is run in thecleanup modemeaning that it is first operated with
blank fuel. Then injectors are then analyzed to calculate the airflow loss
they are mounted again, with the@xisting deposits, in the engine. The tes
is started again this time with the additized fuel. At the end of tF
procedure, it is possible to measure the ability of the additive to remo
existing depaits.

INJECTOR FOULING TEST XUD9 (GBO F23

Laboratory Intertek
Base fuel B7 EN590 / BIONEL6734 / CEC RFD9

. . Clean up with ERC
Additive Dirty-up @700ml/m3
Airflow loss 758% [ 72,7%/ 72,8% 0,5%/ 1,8% /4,5%

100
g
»n 80
b more than 93%
° depositsremoval
= 60 \4
o
o 40
(@]
©
2 20
<

o

no additive with additive

In-line with the previous keeglean results Excellium Pro Concentrate
PLUSeduces existing injectors deposiswn to almost total reductionn
just 10 hoursThe injectors are brought back to new for optimal operatior
power and efficiency.
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n Pro Concentrate PLUS

ENGINPERFORMANAJESTS

INJECTOR CLEANLINESS The DEUTZ TCD engine (4 cylinderayy-duty common rail direct injection
DEUTZ cokingeep-clean 3.6L displacement) is used to evaluate the propensity of diesel fuel or diese
additives to prevent deposits formation in injector nozzles. The engine is
operated for 35 hours with blank fuplusa very small amount of lubricant

(to further promote engie fouling) The propensity of the fuel to promote
deposits formation in the nozzles is determined by measuring the torque
change between stafof-test and endof-test as we are at isengine speed.

DEUTANJECTOR FOULING TiSHo(se)

Laboratory TotalEnergies OneTech, France
Base fuel B7 EN590

Additive I EPG @700mI/m3
Torque change -10,0% -2,4%

2,4
/ 76%less

deposits

Torque change (%)
4

no additive with additive

Excellium Pro ConcentratPLUSalmost totally prevents injector deposits
build-up with premium type of performance and in this manner protects the
engine of torqudosses (he testis considered as a clear pagken torque
change is above4,7%). It ensures stable engine power and letegm
efficiency
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ENGINE PERFORMANCE TESTS

INJECTOR CLEANLINESS The DEUTZ TCD engine (4 cylindaeavyduty common rail direct
DEUTZ cokindean-up injection, 3.6L displacement) is used to evaluate the propensity of die

fuel or diesel additives taemove existing deposits in injector nozzles
(clearrup mode). The engine ifirst operated for 35 hours with blank fuel
plusa very small amount of lubricafito further promote injector fouling)
Thetest is then run again, keeping the engine parts as they were after
dirty-up process, this time with the additized fuel. At the end of the fi
procedure, it is possible to measure the ability of the additiveemaove
existing deposits by monitoring the torque recovestweenthe end of the
dirty-up phase (with blank fuel) and the end of the cleanphase (with the

additive).
DEUTZANJECTOR FOULING T(Etsouse
Laboratory TotalEnergies OneTedhRrance
Base fuel B7 EN590
. . Clean up with ERC
Additive Dirty-up @700ml/m3
Torque change -18% -5,1% (+72%)
g 0
(O]
S 5 5
I
e
(&)
o -10 /72% power
o recovery
: Z
F -15
-20

no additive with additive

In-line with the previous keeglean resultsExcellium Pro Concentrate
reduces significantly existing injectors depogitss happens whemorque
loss after @an-up is better than after dirtyup by more than2.5%)and
allows to get back almost to the initial performance of the engine.
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Concentrate PLUS

ENGINPERFORMANCE TESTS

INJECTOR CLEANLINESS The PSA DWI10B engine (4 cylinde@nmon rail direct injection 2.0L
DW10Bkeep-clean displacement) is used to evaluate the propensity of diesel fuel or di
additives to prevent deposits formation in injector nozzles. The engin
operated for 16 hours with blank B fuel, then for 56 hours with the
additive (including 3*8 howr of engine stop). The propensity of the fuel
promote deposits formation in the nozzles is determined by measuring
power change between staf-test and endof-test.

INJECTOR FOULING TEST DW10B (GB8&) F98

Laboratory Drive TechnologZenter, Austria
Base fuel CEC RFA¥ + 1ppm Zn
Additive 1 EP@ @700ml/m3
Power change -8.4% 0.1%

DW10B Power change (%)

No deposit
build-up, no m no additive

/ power change mwith additive

-10

The resultsshow that fuel treated withExcellium Pro ConcentrateLUS
protects the engine regardingny power loss. the engineevenmaintains
its pure original power output performance
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Concentrate PLUS

ENGINE PERFORMANCE TESTS

INJECTOR CLEANLINESS
DW10Bdeanup

The PSA DWI10B engine (4 cylinde@nmon rail direct injection 2.0L
displacement) is used to evaluate the propensity of diesel fuel or di
additives to prevent deposits formation in injector nozzles. The engin
operated for 16 hours with blank B fuel, then for 56 hours with the
additive (including 3*8 howr of engine stop). The propensity of the fuel
promote deposits formation in the nozzles is determined by measuring
power change between staf-test and endof-test.

INJECTOR FOULING TEST DW10B (GB8&) F98

Laboratory Drive Technology Center, stia
Base fuel CEC RFA¥ + 1ppm Zn

. . Cleanup with EP€
Additive /] (dirty -up) @700mi/m3
Power change -8.4% -0.7%(+92%)

DW10B Power change (%)

m no additive

-0,7
92% power
recovery

The resultsshow that fuel treated withExcellium Pro ConcentrateLUS
completelyrestores engine power with 92% recovery. From more than ¢
power loss, the final power is brought back to much less thanldeitg
superior to -2%, it is consideredhat the engine delivers its original
performance.

mwith additive

-10
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ENGINENO-HARMTESTS

INJECTOR CLEANLINESS
DEUTZDID lacquering

Internal Diesel Injectors Deposits (IDID) are known to be a key concern \
latest fuel injection equipments. IDID are generally accepted as a matter
complex interactions between the engine, the base fuel (incl. biodiesel and
specific additives), efining/process additives (corrosion inhibitors) anc
potentially performance additives. Those interactions might lead to two types
YySSRfS RSLRP&WSIG YRSHIRAANG A O6dzadz f € @&

Wi I QijadekSNO® L 5L 5 f S| Hrmitcethe €rgidelperforyhdhces,
typically significant power losses or impossibility to start at cold temperature.

TotalEnergieshas been a leading company in understanding IDID and
developed various Hmouse procedure to control the phenomenonheT first
effort has been detailed in SAE paper 2@1121687. In a second effort and while
CEC was starting the development of DW10C procedure, another procedure
been developed also using DDSA and Na as contamimeaa@BEUTZ heaxduty
engine

The same DEUTZ TCD engine (4 cylinddreavyduty common rail direct
injection, 3.6L displacemengs for coking protocol (see p-Bis used to evaluate
the propensity oiDID formation. The test cycle is adapted with a longer durati
(100h), a different gcle (simulation plowing mode) and DDSA and Na
contaminants.The propensity of the fuel to promotiID isdetermined bya
visual rating of the different deposits and lacquers present on the needle surfi

DEUTZ INHOUSE INTERNAL DIESEL INJECTORTEEPOS

Laboratory TotalEnergies One Tech R&D, France
Base fuel B7 EN590 B10 EN16734
Additive 1 EPC+ @700ml/m3
IDID merit (/10)

- keepclean 6.32/6.87 7.67/9.64

- cleanup 6.32/6.87 ——» 7.36/8.54

Excellium Pro Concentrate PLUWS8proves the merit rating compared to the
base fuel (keeglean) but also recovers the same merit level when tested fro
dirty-up injectors (cleafup). As suchExcellium Pro ConcentrateLUSensures
no-harm regarding IDID formation tendency.

Additives & Fuels Solutions 12



ro Concentrate PLUS

VEHOLE PERFORMANCE TESTS

FUEL ECONOMY
& EMISSIONS

TUATAN" ATVIAAOD 30 A1

The purpose of any fuel additive @ddition toall the standard engine test:
or laboratory performancésis ultimately toimprove vehicle operationin
terms of fuel efficiencyand emissions controlExcellium Pro Concentrate
PLUShas been tested in the most recent and stringent possible |
conditions.

The tests have been conducted@teenmot France under the supervision
of UTAGCERAMertified and independent laboratory. THaaimler Actros
Euro5 truck (DPF+SCRjshbeen tested on théONERV HD test cycle ¢
chassiglynoequipment. In the first sequence, a serie of 10 repetitions of
test cycle has allowed to determine the average fuel consumptior
unadditized fuel. The trek has then been driven in normal driving conditi
for 20.000km usingxcellium Pro ConcentrateLUSIn a second phase, th
truck has been evaluated again on the chaggiso with 10 repetitios of
60NERYV test cycle to observe the evolution of the velperformances

The test results are detailed in the table below :

60NERCHASSIBYNO FUEL ECONOMY

Laboratory GreenMot (UTACERAM)France
Vehicle 51 AYf SNI3BORM NB & ¢
Base fuel B7 EN590
Test cycle 60NERW10 20.000km +60NERW10
Additive 1 EP@ @700mlI/m3
Fuel consumption 249.08g/kWh 240.999/kWh(-3.3%)
Emissons

- Q2 772.3g/kWh 747.19/KWh(-3.27%)

- CO 0.572g/kWh 0.4679/kWh(-18.5%)

- THC 0.033g/kWh 0.021g/kWh(-34.1%)

- NOx 4.505g/kWh 5.172g/kWh (NSS)

- PM 0.133mg/m3/kWh | 0.105mg/m3/kWh(-21.2%)

Excellium Pro ConcentrateLUSxhibits3.3% improvement in specific fue
consumption (confirmed by CO2 measurements) as well as a signi
reduction of CO, THC and particulate matter.
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1 Pro Concentrate PLUS

VEHCLE PERFORMANCE TESTS

FUEL ECONOMY

Two different machines from the Nilvange quarry (France) have b
monitored for their fuel consumption with the use dExcellium Pro
ConcentratePLUSdditive. A Komatsu loader and a Votiiamperoperating
regular service in the quarry have been selectat fuel efficiency
investigation.

The equipments have first been monitored for their consumption during
months with regular diesel fuel, without additive. They have thmen
operated for another 2 months with the use Bicellium Pro Concentrate
PLUSdditive.

The statistical analysis fideen endorsed by ALTRAN data managem
company according to an extensive methodology allowing to reduce the
volatility due to variable operating factors.

The certified fuel economy performance is given below:

Chargeuse Komatsu Tombereau Volvo
Générique | Excellium | Performance | Générique | Excellium | Performance
5.179 5.077 -1.98 % 4.057 3.971 -2.13%

e [ S - e = —_—-

Consommations moyennes (g/s)

The use oExcellium Pro ConcentrateLUSxhibitsa global 2% improvemen
in specific fuel consumption.
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1 Pro Concentrate PLUS

LABORATORY PERFORMANCE TESTS

CETANE IMPROVER

R dlesel engine

As a common characteristic of all premium die&edgellium Pro Concentrate
PLUShas been formulated to increase the cetane level of diesel fuels with tl
objectives of optimizing fuel economy performance and reducing polluta
emissions.

The CFR engine is used to compare Cetane Number from blaid diféérent
additized fuels, in order to evaluate the real cetane gain using the additive.
the ASTM D 613 test, the cetane number of a diesel fuel is determined
comparing its ignition delay characteristics in a standard CFR test engine \
those fa blends of reference fuels of known cetane number. The compressi
ratio is varied by adjusting a calibrated hand wheel to obtain the same igniti
delay for the sample and for each of two bracketing reference fuels, permittii
interpolation of cetane nurer in terms of the hand wheel readings.

The typical data here under of cetane improvement (depending on the origir
cetane number of the base fuel) position the cetane increase provided
Excellium Pro ConcentrateLUSat 700ppm dosage

7 -

6
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Cetane Number gain

P e e
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— ]
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The typical improvement ranges from +1/+3pt depending on the origin
cetane value of the diesel fuel. These values have been confirmed by ac
CFR measurements:

CETANE INDEX ASTM D613

Laboratory TotalEnergies OneTech R&D, France
Additive I EPC@700mlI/m3
Cetane Index (pt)

-B7 EN590 51.3 53.6 (+2.3pt)
-BOCEC RF79 52.3 57.9(+5.6pt)
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Pro Concentrate PLUS

LABORATORYERFORMANCE TESTS

WEAR PROTECTION

Excellium Pro ConcentrateLUSs also formulated with a specific friction
modifier not specifically for reducing HFRR lubricity of the fuel but becau
it has shown a specific contribution to maximum fuel econom
performance. As an incidental consequence, it provides a supplemente
protection regarding engine wear, even for diesel fuels already meetir
the <460um specification. It is additionally of interest in case the base fu
does not meet the specification or if FAME was not available in the fu
depot at the right time.

The HFRR test (High Frequency Reciprocating Rig) is designed to a:
diesel fuel pump wear. It consists of evaluating diesel fuel lubricil
between a plate and a small ball with a high frequency translatio
movement. At the end of the test, the Mean WeS8car Diameter is
measured on the ball.

HFRR FRICTION TEST (EN ISO 12156)

Laboratory TotalEnergie®©neTechFrance
Base fuel CEC RF79 7B B10
Additive 1 EPG @700mlI/m3
MWSD (um) 230 /200 / 200 210/190/ 190

Excellium ProConcentratePLUSreduces wear and frictionfor all fuel
types Naturally, fuels already meeting largely the 460 limit cannot be
further increased, although the results below show a positive addition:
contribution. In any casekxcellium Pro ConcentratBeLUSexhibits a full
no-harm regarding HFRR specification (even in presence of ceta
improver)if not an improved behavior.
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LABORATORY PERFORMANCE TESTS

ANTHCORROSION

ASTM D 665 test consists in visually assessing the corrosion (hence 1
efficiency of corrosion inhibitor) of newly polished steel test sample plungec
into an agitated fuel/water blend. Method ASTM D665A is using distillec
water, method B synthetic sea wat (which is more severe). Rating is done
Fd G4KS SYyR 2F GKS (Sad 6AGK GKS b
% of surface of the probe which is corroded).

ANTICORROSION TEST (ASTM D665)

Laboratory TotalEnergies OneTech, Solaize, Franc
Base fuel B7 EN590 #1 / #2
Additive 1 EP@ @700mlI/m3
NACE rating

(method A, distilled water) el Al
NACE rating

(method B, sea water) brc ATA

Base fuel BO CEC RF79

Additive 1 EP@ @700ml/m3
NACE rating A A
(method A, distilled water)

NACE rating A A

(method B, sea water)

Excellium Pro ConcentrateLUSprovides the highespossibleprotection
feature regarding rust corrosion, as expected from a premium diesel fuel
This contributes to engindgankand fuel lines protection.
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