INSTRUCTION MANUAL (POWER PLANTS)
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Welcome to the VPS Fuel Quality Testing Program

Introduction
Thank you tor chonsing VPS  as your fuel management partner. VPS5 is committed to
prewvidingg ol wilh the best possible fuel managernent solutions

VPS ntreduced the Fuel ®ualty Testing FQT  service n 1981 to meeat the needs of a maritime community seriously
concermned about the quality of bunlkers supplicd in ports worldwide. Ovor the years. the problems encountered by
pkant owners and operators in the procurement and use of fuels have not diminished.

VP4 tulfills the requirements of an independent international testing service which is credible both o plant owners and
suppdiers dlike Four wholly=owrni=d arl 150 17025 acoredilex] laboralories shrdl enically koo Alexd in Sitgapxore, Redlerdar,

Fujarah and Houstorn are uperated su that fuel samples will reach the abuxopr ate VPSS laboratory in the shiortest
possibiC timc. Assistcd by usc of the SamplLegic. te aveid samplc transpertation dclays, this in turn facilitates fast
turnaround of test results and operational advice.

VP4 has thus far tested more than 2 million fuel samples in our FQI programme. An extensive monitoring network
rmakes | possible lospol el gualily problerns in bunkerired porl s arcaned The world and 1be Biunker Alerl service will
immiediately notify of the nsk, exclusivaly to members of the VPS FQT programme.

The VPS FOT programme provides plant opcrators wath samipling procedures in accordance with MARPOL Arnex VI

reqLirements Inclusive of the required documentation. All VP3 sempling equlpment sample bottles, ceals. cublialners
and line samplers  zre MARPOL compliant.

VS provides a whiole range of products and services, some of which are listed below:

O Sampling cquipment linc sampler. sampling kits. cubitainers

. Technical zeminars

- Fuel System Check F4C, monitoring and performance of onboard tuel treatment

. Burker Quiartily Surveys H0Q%

- Fuel Data Analytics

B Buriker Mdsler. buriker trianiggertienl sollwdre willi d suile of Cdliulglion louls dnd eleclionie foms

- Provision of Information and updates concerning current bunker requirements and industry practices

Trouble shooting services, YRS 5 in the forefront of dewvcloping extended analytical services for fuels, including
ignilion and cornbuslion services as well as advanced investinative lesting tor detecting chernical wasles and or olher
conlarniriarils These services dre dil conducled ndrouse by VPSS owan expierls dred olbier lesling ssavices sich as
metallurgiral falire mvestinahon ran alsn he provickd

Whether you are already a member or you aie new 1o the VPS testing programime, pleass go through the instruction
manual to fully enjoy the benefls offered by VPS.

Overview of VPS fuel oil samples
The description below Indicates the purpose of the different fuel oil camples to be taken under the VPS5 Fuel Quality
[esting and Fuel System Check programs.

Sample to Laboratory

This scample should have a sample bottle label and security seal attached and is 1o be sent to the VPS [abaoratory for
fuet quality testing 1he bottle is to be placed in a Ziplock bag and carton tagether with the Power Plant Report Form
Ardedispyale tiexd 10 (e VPG IAberaleey e Aceeredares wilb (bass insiroeliorns,

Power Plant’s Retained Sample

[ i warmiple shicsuld fave 2 warmple bBollls labs] anc sscurily seal ard is 1o be retainsd at e planl i e svsnl ol
d audahly dispute, 1he sanmiple mmady be reguired 1o be sent 1 a ldbordlory for lesting in The presence of 1he pAarlies
nvolved 1N the dispute.



Sample for Supplier

S il gl g corrnrn practice foe possess planl fuel supphees o provide o diaw g sarnple, we suggest gl you gsk
the supplier's representative to witness and sign the label of the power plants retained sample which may be a useful
evidence in the event of a quantity or quality dispute at a later stage.

Fuel System Check [FSC) Sample

The purposc of the WPS Fucl Systom Check Programme (sce page 8) 15 to utilise sample analysis for monitoring the
condition of the fusl Gil systerm and the effectivensss of the fusl ol treatment plant. Essentialy, the plant staff draws
camples perlodically. If operational problems are experlenced or as triggered by the VPSS fuel oll analysls reports In
connection with poor quality fuel deliveries. The samples are then analysed and the results assessed and reported
Py WHS

Procedures for Sampling

The irnporlance: of proper sampling cannol Be over-emphasised, a5
the analysis results will e cnly as good as the sample that you have
submithed.

Please ensure that your staff s fully conversant with both the
sampling procedure recommendad i1 this instroction manual and
WEMIE CPTIPRArTyS T ersariaeerrenl praeices

In order to obtain a representative sample of the fuel delivered to

the plant, the sampls has to be drawn continuously throughout the
entire delivery process. To achieve this, VPS strongly recommends

that wou use a VPS continucus drip line sampler, together with clean
VHSG cubitainers

Thie Mo conbiol valves of Ue YPS D sdiopler g shown Delow an De sedled o prevenl Larnpening durning e
sampling opcration.

Sampling Device

Please ensure that yvour plant has a proper sampling device at the
plants receiving manitald. Your sampling device and collection
cornlEiner musl ko be clean  and reddy for ose

As a routine, clean the sampling device immediately after every
dedivery to minimise the possibility of contamination by remsining .
fuel oll or cleaning solvents, ; [ran
campling
1 your planl s not Hited with & proper sampling device, yoo will
not be able to take a representative sample. We therefore strongly
recomimend that vou place an order for 2 WPS Line Sampler.

Power Plant Kit
Each VPS Power Plant kit contains:

- Lampling bottles with caps

. LIM cerlilies] shipapineg carlorns

. SeCUnty seals

s Jipluck bays

. Labels for Sampls Bottles

. O Instruction Manual, containing:




FOT Instruction Manual
air Couricr Directory
- Request to Witness Sampling Form
- Power Plant Report Form
- Slarcdardd Proy Formmia [noics
- Return Address Lahels for sending fusl samples to the appropnate VS [ahoratory

Request to Witness Sampling Form

lFvvite the suppliers reprasantative to witness the sampling procedures, Complate a Reguest to Withess Sampling
form and ensure that it is signed by both parties. Give the original copy to the supplier's representative. Retain the blue
oy o yowar file

[f the supplier declines to attend the witnessing of sampling, you muost note this inthe plants logbook there and then.
Such a record can sorve as contemporancous evidence should a fuel quality dispute later arise.

Pleaze make sure that full information about the delivery method, delivery percsonnel, supplier, time, date and
circumstances ete, is recordead

Continuous Drip Sampling

Take A continuous drp samele by using he VS Line Sampler
Adjust the needle walve to give a slow continuous drip
throughout the whole delivery period. Scal the necdle valve with
the security seal provided. Record the seal number to prevent
any tampering.

Collect approximately & lifres of sample in the cubitainer. Both
Blitre and 10itre cubitainers are supplied by YRS IF Blitre
cubilgines s are wsed, precaubions should Do Lakon o preyenl
averiling.

Check that thers = sutficient fuel sample in the cubitainer oy the
ernd ol The Toeling. 0 yonn need [0 break The s=al on the neesdle
valve to make adjustments, vou should invite the fuel delivery
personnsl or his representative to he present when you adjust
the drip and replace the security seal, Keep proper records in
the plants [og If the imvitation has bean declined and also whan
such adjustments took place.

Dividing the Sample Evenly
Cap the cubitainer anc shake the contents vigorously for aboiat 10 minutes 1oomis the sample thoroughiby IF fusling in
cold cimates ensure that the sample collected in the cubitainer s warm enough to allow for shaking.

Fill two (27 sample bottles 1/3 at a time. Make several passes to
fill up the bottles equally, capping and re-shaking the cubtainer
betore each filling, This is to ensure that the sample is evenly
dlislributed and 1hal The conlent ineach botlle s representalive

One sample should be sont to the VPS lab for testing and a
second sample retained at the power plant. In some cases, ather
partics may require samples for testing and thercfore additonal
sarmples should be taken as required,

Fill thie battles np o thie B TOTHIS T INF mark Stopear the line
as shown in the diagram on the right.




Sedling the Bottles

Closke e el b il Lesir g Lhie serew L prosvided.

Seal all the bottles and record all seal numbers on the Power Plant Report form. It is important also to record this
infarmiation in the power plants fusl book, In addition, we advise that you ask supplier to record all sarmple seal
numbers in the BDN for cross-reference purposas.

Complete two fuel quality testing sample baottle labels.

Sign these lzhels in the presence of, and jointly with, the supplier's represeniative

Do not sign any blank labels for the delivery personnel under any circumstances.

Fix a label on each bottle.

Caution: If vou are offered a sample by the delivery personnel and have not witnessed carrect sampling procedurnes
pertaining to this sample, please indicate For Recelpt Oy Source Uinkmown™ on the sample bottle.

Put the bottle of sample to be sent for testing Into the Ziplock bag to prevent any splllage.

Genthy squeeze the bag to minimize air content prior to sealing.

Thies sermiprles will B seel Loy [Re Apprepriale VPSS L atieralory wis sie cosrier sk e corrssel coloor Tkl is osed
Refer to the A Courer Directory to fincd out which labels to use

Power Plant’s Retoined Sample

It is wory important to retain onc bottle of sample in a sccure location as in most cases this may be the only sample ioft
which represants the fusl delivared to vour power plant, If this sample is eventually sent for testing, all parties involved
ar their representatives must be present to witness the breaking of the se2als and the testing process, if reguined,

Dispatching the Sample to the VPS laboratory
Place the bottle with the Ziplock bag inside the UM certified baox

and fold the hox as per Assemibly Instructions given on the box m

Friclose [he Power Plant Repord form and a copey of The Bunker
Delivery Mote [if available] before closing the last flap on the UN
cortified carton, Itis very IMPORTANT that the Power Plant Roport
Farm Be fully completed and sent in with the fuel sample,

Using Correct Colour Labels

Refer to the WPS Alr Courier Oirectory and use the appropriate
labil lor the forwarding box o ensure hat the sample s senl o
the approprate VS laboratory.




Dispatch of Samples using SamplLogic

Bunker fuel samples should be dispatched to the laboratory for testing as soon as possible after the bunkering
cperation is compleled. Agreements have been miade by VS wilh major air courier cormpanies worldwide Lo ensure
pricrity handling,

| o ensure fimely analysis and reporting of the tuel sample analysis results, VPS encourace utilizing the Sampl ogic o
activate fuel sample collection, Samplogic helps to reduce time reguired to prepare shipping documents and
provvicles redkirme racking of e Do sdarmppes.

The Samplogic offers the following benefits:

= A single point of contact to activate sample collection. All sample collection requests submitted will be transmitted
clectronically to WPS appointed courier service provider. There 1s no longer a need o call the courer service
providers to arranoe for samiplke collection

« To make sure the samples ang delivercd to the VPS laboratorics with no delays, it is essential o get the shipping
cloxcurment rigghl, Sarmpl ocic uses [he booking delails o generale The shippingg docormenl which dre reguirecd 1o
atcoimpany e fuel saimples,

« Sarmpde collection reguest subrmitted o Samplogic will be issued a racking nurmber which allow yow [o micnitor
the status of your sample at any tme.

Getting Started with Samplogic:

To request for sample collection, please go to https: fsamplogic vpsveritas.com

Upon recoipt of vour reguest, Samplogic will send the shipping decument  Proforma Invoice, Airway Bill and an
axample of an approved 505 1o the email addresses provided.

Al ful samples need to e accompaned by a Moforma nvoica, AW and 205, You are reguired to print out the
shipping document and submit along with the fuel sample tagether with 2 505,

A courier will also be contacted and send to the address you advise the collect the sample and deliver it to the VPS5

laboratory.

i



Safety Considerations During Sampling
Thie Followiny salely precaubns shoul Be Laken durrg ey sdenplng:

. Pratective equipment to be worn by personnel involved in the sampling

' H:5 detection should be carried out periodically

- Spill prevention procedures should be adhered to

. Spill containmment equiprment should be available al the delivery mianifold

. Local regulations regarding the entry and equipment used in hazardous areas should be strictly observed.
. Smoking and naked lights should be prohibited in the vicinity of potential il vapor sources.

General Guidelines

The Bunker Delivery Note (BDN])

It is usual for the supplier or his representative to provide the plant manager with a BDN, which should include the
[l vadiriey o besl il

«  Mame of receirving power plant

+  Delivery lecation

«  Date of commencement of delivery

- Mame, address and telephone number of fuel ol supplier
= Product name (grace)

o Quantity rmelric fons volumes)

+  Density at 185°C (kgfm®)

= Sulphur content (% mdmd

We strongly recommend that you do not sign the BOM ar any sample labels from the supplier before the delivery is
conmpleted.

Volume Deliveries
Marmally, the terms and conditions of sale state that the quantity of fuel delivered will be determined by meters or
measurarnent of rarge S tanker / truck outtuen

I either case, the plant enginesr oF representative should withness opening meter reacings or barge/truck souncings
and temperature. On completion of the delivery, the plant representative should also detenmine the actual volume
delivered, The volume recorded on the BON should be at standard temperature, calculated by referring 1o ASTM
Fetroleum Table S4B,

Toy corvwer | Tronm volurme Lo weigghl il is necessary o delermmine The densily of The Doel and, by relerence 1o 25T Table
B&, multiply the volume at stancdard temperature by the weaight factor, VRS finds that the fusl density value on the BOM
is often overstated, resulting in an overstatement of the weight delivered.

Recealvers of fuel are advizad to Indicate on the BDN “Faor Voltime af Qbserved Temperature Only'. Please ensure that
a copy of the BDN is enclosed with your sample in order for us to evaluate the VPS density determination against the
suppHiers staternent




Sampling of Tanks and Fuel System

General Guidelines
Disputcs arising from poor guality fucl deliverics can be complox and what may scom to be a simple casc can become
vary corvolutad with respact 1o documentation, samples and allaged damages.

& tuel quality dispute can develop at any time, and investigators will need to compile an accurate report it the claim
RS [0 Fie succsssilL

W stross the neod for good routine record koeping at the plant as ‘after the fact’ accounting is difficult and confusing.

The VPS5 system will provide support IR such casas but the plant manaager, by following the guldelines listed here, will
Improve the chances of success 113 clalm.

. Feen a daily record of fuel quantities beld i each tank. Record the date and amaount transferrec.

. Whenever possible, do not mix fuel from different deliveries and always load into empty tanks

. Keep analysis records of all samples,

. Retain suppliers’ samples and samples taken by plant staff for a minimum period of six months. Ensure that they
are correctly labelled, sealed and stored in a sate location,

. In case of damages, compile a staterment, or record of events which should inclode date, tirme, damages and
cosls, Also retain broken o damaged parts for future inspection. Photographs of damages may also prove
useful.

. If problems arc cnoountored, it will be necessary to draw fucl samples from the fucl tanks or fucl systom to
confirm a poor fuel guality delivery, to resalve a fuel handling problem. or check the performance of fuel
treatment plant.

B gdin, wee rrsl stress Lhal Jrdlysis OF such sarmples can only be oseul il They breave besn laken properhy, Toe lloaingg
notes are intended as guidelines under such crcumstances.

Tank Sampling

[ddeally, o evaluate the guality of fuel storad in A ank, the following samiples shiould be oblained:

. Top sample - takcn at approximatcehy & inches below the surface of the il

. Upper sample - taken from the middle of the upper ane- third of the tank's contents,
. Middle sample - taken from the middle of the tank’s contents.

s Lower sample - taken from the middle of the lower one- third of the tanks contents.
. Bottom sample - Laker [roer Lree bxollorm sorface of e lank,

The above samples should not be mixed together but submitted for analysis as individual zamples. The label on cach
bottie must record the date, the sample type and tank location,

Sampling devices designed for such sampling should be used. It the sampling equipment is available, ensure that it is
[horcughly cleaned belone wse i sorme cases, doe Lo lirmiled aceess o anks, iLis nol possicle o obilain Enk samples
a3 descnbed above, Under these circumstances, a samplke may be taken at the fuel transfer pump as descnbed below.

Transfer Pump Samples

I paracctical, lire oy Lo Tuel ail raresler pormpy Lo dischan e e lank 1o be sarmpled Looan ermiply Tosd oil Tank On lhe
discharge side of the transfer pump, select a suitable position tar taking a continuous-dnp sample.

If the suction or discharge lines of the pump contain ol from previous transfers, start the pump and run it for 2
sufficlant period to empty the lines, Aftar this, start campling by taking a contimuaus-crip or stream of ol nto 2 clean
cubtainer. Continue to collect the sample until the tank is empty, during wihich time you should have adjusted the
sarmple flows Loy corllect sorme five litres aof oil, 1T an empby Enk s nol available, @ke a continuoosrin sarmple rom the
fransfer pumpe discharge durnng crculanon of the ol back o the same tank.



Theoroughly mix the Slitre sample and pour one litre into a YPS bottle.
Mark the sample as Continuous drip - Fuel tank contents during discharge’ together with the tank number,

D0 MOT Take b sAarrpile rorm Tank bollorm orain valses
- these samples will probhably contam high levels of water and sediment which will not e representative.

DO NOT take sample from sounding pipes. These samples will similarly not be representative,

Fuel System Check (FSC)

Even if a delivered fuel meets the ordered specifications, it is imperative that the fuel treatrment plart is operating at
ma=imum efficlency or engine damage may oocur, sameling from a fuel system when a problematic fuel s delvered
will also help indicate the efficiency of the treatment. plant and thus assist the plant staft in taking preventive action, if
rieseec]

Sampling before and after separators is also considerad the only feasible condition and perfonmance monitoring of

the fuel,

Pericdic sampling from the fuel treatment system will also identify such problems as water ingress from storage tanks,
and leaking hesting coils. A good fuel managerment system would include such sampling and analysis 8t east once
A yEeAr

Expericnce gained by WPS ond our customers since the introduction of the WS Fuel Quality Testing program. coupled
with studies and resaarch, confirms that fuel treatment systams are not always operated at optimum efficiency. Fuel
contamination may aleo accur in the plants fuesl cystem and tanke due to, 53y defiective sheam hesting coils or water
incress resulting from badly located or damagen vent pipes

Efficient centrifuge operation s essential for the remaoval of heavy fuel ol contaminants. With the F3C samples,
malfunctions and defects in the centrifuges can be identified. The purpose of the FSC samples is to monitor the power
plant fuel system, e the 'gan’ between the plant’s manifold and the enging in a systermatic manner. This is achieved by
analysing samples drawn from key locations to assaess the total fuel ol system operational condition,

Frar esarmples IS0 B277 20077, true rmesst cormemesnily resferred b rnarine fuel specilieation in the rmarkel, indicates
60 mag/ kg Alurminium + Silicon (A1+50) as the maximun amount of catalytic fines {catfines) particles permitted in
the higher viscosity HFD grades as delivered.

Howewver, major engine manufaciurers recommend less than 19 mg/fkg Al+5l at the engine inlet. Hence, assuming

a deliverad fuel contains 55mo/fkg Al the fuel treatment plant has to operate at an efficiency level capable of
rernowingg over S ol Lhese highly abrasive rmalerials, in orger oomeel The engine manglzciurers recuirernen]

FSC Sampling

For analysis results 1o be useful, sampling must e carefully carned out at key locations that can provide a picture of
fuel guality variation throughout the fuel il system. Samples for FSC can be taken at fixed intervals, say, twico annually,
O I COnimeCtion with podr quality fusl delivaries o if operational probiems ans exmaiie e,

In arder to secure representative samples, it s recommendad that the sampling locations are tited with sampling
Coxcks or valves A connecling pirse mEy exdend 04 corenierl posilion for sarmpls collection. A Taclily shooukd be
prowided to allow for the flushing of the connection back to the system or o a waste tank. Samples should NOT ba
drawn from tank drains.



FSC sampling Procedure

Wihizr sarnples gre ey Laben beloee gngd allee e sepdralors, e concdibon shouid Be gllossed 1 slabilize allen
adjustments have been made to the fuel il flow rate, before drawing samples. The beforefafter separator samples
should preferably be taken at the same time,

lime for sampling should be the discharge interval, divided by two For instance, if discharge interval is set to two hours,
Lhe sarmpies should be aken one hour alter a discharge, First, the separator inkel sarmple is taken, and immediatey
after that, the sample of the cleaned ol at the separator outlet shoulkd be taken

For Safety Reasons it is not recommended to take samples from the boostor system. Safety precautions should be
taken If sUch samples nevertheless are to be drawn because the fuel oll at this point has an elevated temperature and
i kept under relatively high pressure.

All sampling equiprment should be clean and in good order. Oil, sludge, water, and cleaning sabsents from previous
samplings can cause erroneous analysis results.

The recommended sampling procedure is as follows:

. [ he sample bottles trom the FQT sampling kit should e used.

. hATk 2ach sarmple corlainer clearky wilh  anink rmarker belore sarmplingg o prevenl rmis-up,

. Ensure that the ines are flushed through before drawing the sample.

. The samples may be filled directly into the plastic sample bottles, except for samples taken from the booster
system, where it is recommendad to use a closed container that can withstand the elevated temperature,

. The plastic bottle cap should be firmly fastenad after the sample has cooled to avold leakage.

Testing & Reporting
samples submitted for analysis under the FSC program will be analysed for a number of key paramelsrs,

[ edder Lo asserss U e onbodnd eglnenl efNoeency, e Tollowing pdraneeters will be eegsued:

Water - Used to monitor if any settling of water has taken place and/or if there is any water contamination; for example,
from steam heating colls ar lealking solenold vakves on the scparators,

Sodiurm - High sodium content can cause increased corrosion of [he bigh pressure parts of The Toel sysiem and [0
exhAanst valves as wel as increaser] depcsits in the post- combiistion spacres Socliom s also an incicator of whether
water in the fuel oil is friosh or salty:

Aluminium + Silicon [Al+51] - These abrashve particles, otherwise known as “cat fines” can cause significant damage to
an engine. Areas such as fuel pumps and injectors and the liners and piston rings can be subject to high wear rates it
Lhe “ral fires” content is not reducsd o 8 satisfEciony Bvel s recormmendecd By your enoings manuiaciurers)

Iron  If present, this would most likely be in the form of rion Oxide (Rust) and as such would be removed by the
soparator (sl

Tatal Sedlmant Patantlal (TSP - Thiz pararmneter s used to assess and Indieate the stabliity and cleanlimess of 3 fuel,
Fuals with high sediment content can cause increasad sludge problems in the separators and lilkers

In addition the test parameters density, sulphur and vanadium are used as fingerprint parameters” in order to confirm
that the tosted rosults correspond with the paramcters of the delivered fucl il

The analysis repaort, for the Fusl System Check samples will be sent to designated recipients in the same manner as
the test results from the normal tuel analysis samples.



Fuel system Check Sampling Positions

Misirig

Fued dasrirng
equipmeart
(e FiG 7

Enwgine:

Figure1 - Sample positions & sample identification letters

Figure 1 (5ampling Positions & Sample ldentification Letters) shows the recommended locations trom o which FSC
sarrrles are Ly b drawr,

Transfer Pump Discharge

Bcfore Scparator(s)

After Separator(s)

After Service Tank (Before Heaters)
Betore Lngine - Booster Linit

Erome

Lafely Note: For safety reasans it is not recomimended to take samples from the booster systerm. Safety precautions
showd Bo in place If such samples novortholoss arc to bo drawn bocause the fucl has an clovatod omperature
(130-145%7) and is kept undar pressure (58 bar),



Guidelines on Interpreting Test Parameters

Density

Density is expressed in kilograms per cubic metre (kg at 15°C, Density mainty affects the fuel separation. Conventional
separators can remove water and to some extent solid particles from heavy fuel olls with densities up to 99 Tka/m- at
15°C. Separators of newer design can clean heayy fuel oils with densities up to 107 0ka/m™at 15°C. Animportant issue

iw [0y ernsure hal 1he cormecl sepaEralion Now rale an lemperalure  are osao in order [0 achieve an ellicient redoction
of water, catalybic fines, sodium and sediments from the heawvy fuel Further, the exact density must be known to verify
the weight of the fuel based on the received volume.

Viscosity
Viscosity is expressed in mm&s (centistokes, or c5t) at a stated temperature. This is a measure of a fluids resistance to
flow, The kinematic viscosity is measured by the time for a fixed volume of il to flow through a capillary tube

wISCOSITY 0 order o set heaters correctly, prios 10 pumiping and cleaning o reating the fuel, and before injection
into the main engine. This is because heavy fuel oil must be heated to reach the correct injection viscosity to ensure
optimized combustion and cngine porformance.

[F the viscosiby of the fuel is too high, the heating plant may not be capable of raising the fuel to the cormect temperature.
[r1 eslrerre cases, lrArser of e (uel cntcard rmay beosery dillicnll aned e encgine coold suiler poor perloenmancs A
possibly damages Finsufficient heating is applied price o rnection.

Hezawy Tuel Gils are also generally priced and ordered acoording o viscosily.

Wuater

Water content is expressar] as per cent by wolume. Water reduces the specific energy of foel ol theratyy increasing
consumption and reducing fuel economy. Water imay Cause corrasion in the fuel systam. The sodium chiloride [salt)
in o watcr can also promote cormosion by giving risc to the formation of sodium vanadium compounds during
combustion (high temperature corrosion). The water content in heawvy fuel cils is low during production: thus the
presence of water in the delivered fuel ol is usually due to external contamination.

CumpraAlicarn ol wlEr rosrn s ol oAy b s slese parescsss, paarlicnlar by il T olilsesncs e =ity s sensl o i0Ths walsr s
present as minute drops. Separation of water drops 15 also inhibited by vanous small-particke mpurties, such as dust,
sand and rust. The resuiting emulsion clogs filtkers and affects efficient centrifuging.

Carbon Resldue
The carbon residue level indicates the coke-forming tendencies of a fuel and is expressed as per cent by weight. Fuel
oil with a high carbon residue may cause combustion depasits, particularhy when the engines are running at low load.

Sulphur

The sulphur level in fuel contributes to sulphur oxide emissions and thus air pollution,

Sulphur compoLnds may corrode cylinder liners and piston rings. The sulphur dicxlde generated by combustion may
cause corrosion in exhaust passages at low temperatures.

Fricgires riesiored [or operation on bigh sulpbnr Toels se spscial ericants oominimise The ellects of salphor The
sulphur content of a fuel affects the energy avallable.

Sediment
All fuels contain sediment consisting of hyvdrecarben sludge and extraneous matenals. The Total Sechiment Test 1s
designed to determing, via a hot filtration method, the guantity of non fluid material in the fusl.

Ash

Ash reprosonts the incombustible components of fuel oil. These components may have their origin in the fuel or may
have been introducad by poor housekesping. High ash levels can cause wear in the fuel injaction system. deposits

on cylinder components and resultant wear. In addition, some ashes are corrosivie and may stick on to exhaust valses.,

Catalytic Fines

Small particlkes of the catakyst Mluminium and silica axideshused inthe refinery process are sometimes carriod over into
the residual fuel, They are porous, extremely hard and of irregular shape, Some degres of remaoval may be achieved by
gattling and centrifuging at tha plant. Due to their abrasive nature, they can cause rapid waar of systam componants
and cylinder rings liners

(S0 82 72077 prescribes a roasirmiarm level of 60 rcdko alurminiorm + silicorn in e beavies? grade uels as delivereod
to vessels, However, fuel deliveries with levels of aluminium and silicon far in excess of this value have baen recardecd
and scvore ocngine damages have beon attributed to such high catalhytic fine lovels. & singlc scparator is not capable
of handling aluminium + silicon levels above DOmakg in order to reduce the aluminium + silicon contents to an
acceptable level at main engine inlet. We therefore recommend operating two or more separators in parallel or series,
depending on type, when the tested level is in the S50-80 mafkag range.
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Elements

Fuel gils contain many metals, of which the most common are vanadium, nickal, iron and sodium, Yanadium and
sodium are potentially most harmiful as they may lead to high temperature corrosion. The worst situation is when
the ratio of vanadium to scdium is approximately 3.1, Sadium salts are water-soluble and can be removed with water
during treatment, Without presence of water, sodium cannaot be removed, Vanadium is il seluble and cannot be
rermenvec] by The plant s fuel reatment eguipemenl

If present, Calcium, Zinc and Phosphorous are indicators of used lube ol {ULO) in the fuel. Although according to
VPS5 knowledge and information small amounts of ULO do not have any adverse impact on fuel oil treatment and
consumption, ULO may increase the particulate emission and increase the risk of exhaust gasway fouling.

Flash Paint

The flash point is expressed in degrees centigrade. Safe transport and storage reguires that the flash point of the fuel
il is known., A fash point minimum of 60°C is prescribed for use in power plants. This minimurm temperature is stated
In the rules of Classification Societles and legisiated by most governments.

lgnition and Combustion Properties

& rough indicator of igniticn gquality, Calculated Carbon Aromaticity Index (CCAID as developed by SHELL is calculated
on the basis of an empirical formula that includes density and viscosity, Tha CCAl can be used as an indication of
the ignition guality of the fuel, but has in some cases proved not to be sufficient for predicting the ignition quality. To
determine fuel ignition properties more accurately, VPS offers a laboratory test using a Fuel Combustion Analyser
(FCAY This melhod is slandardised as IP547/06. To receive more inlormealion, please email us al
technical@vpsveritas.com or your local WPS Customer Service Manager.

FT-IR Scanning of MDO Samples

FI-IR scanning is perforrmed on all distillate fuel samples received by WS aboratories. F HR scanning enables detection
of Ackier] subslances such as eslers and olber oxyoenaled cormpoonos in diesel anod gas oils, 1 akso indicales elevaled
amounts of orgarnc aod found in the fuel IF the FIHHE scanming shows unosual amounts of organic. acids, an Acid
Mumier Test will be performed.

Pour Paint

Hezar point s the lowest termperature al which the fuel will ow as was will Torm al lower temperatures, Wax miay block
filters and may deposit on heat exchangers. In severe cases, the wax will build up in storage tank and on heating coils
which will restrict the heating coils from heating the tuel, which makes the situation worse. According to 150 HB27 /7,
the pour point for the heaviest residual fuel grades is maximum 30°C.Mour point is only relevant for storage and
handling of the fuel and neither impacts the ignition nor the combustion.

Specific Energy
The rusal rabeass] o comiisboe of & fs] sy b s spsciic sosegy oF Feal of oombuston. the ey coobent of & sl
may be messured by calorimetry but more often the energy s caloulated to find the gross spedifiic enargy or the net specific energy,

Acid Number

Acid nurmber can be medsurcd as Acid Number (AN) or Strong Acd Mumber (SAN), The SAN measures inorganicacids
only, whereas thie AN detects all acids present. [he industry sgrees thal no inorganic acids should be pressntin the
fuel (SAM =0 mg KOHD). Weaker organic acids may be naturally cccurring in the fuel and they are present due to
oxldation or contamination without harming the fuel svstem or engine. There Is currently no recognized correlation
Frabween Acid Mumber Test resulls and The corrosiee activity of g Dot altbesoagh the risk of darmage o engine Iuel pumips
as well as the fual system in itsalf increases with the Acid Number An elovated Acid Number may be an indicator of
other potentially harrmiul components in the fuel oil

Chemical Contaminants

During the past vears, several cases of chemical contamination of residual fuel have been found. Such contamination
dermaged engine fusl pumes, cogoed filters, overloaded centrifuges and caused fouling of exhausl gasweays, A looking
for special contaminants is both time consuming and expensive itis usually not done as part of a routine fucl analysis.
Only when a plant operator report prolems related to operation on a specific fuel will the VPGS labs look for chemical
contaminants. During the past years, components such as carboxylic acids, solvents, pobymers and shale il have been
found to cause damace. Unfortunately, it s not always possible to flnd the component respansible for the damage.
Fincing the source of the problem is often the key 1o illing a complaint against bunker supplier, Tor which reason VRS

takes chomical contaminants vory seriously,

WPS offers a rapid proprietary QUM S-Headspace method to screen fuels tor the presence of violatile organic contaminants,
[for example: chlorinated solvents, phenols, styrene. ) which are the main chemical contaminants found within fuels.
Should a *caution” rasult come fram the GCMS-HS sereen, we can then perfarm an axtended headspace analyvais:
GUMS Headspace Fxlendasd is a longesrn proprielary rmelhod Tor lesting Tuel Lo delect The pressnce of volalils argaric
contaminants over an extended time period. This provides bettor scparation of the specific compounds. cnabling
improved selectivity as compared to the GCMS Headspace Screening method. As such, the Crtended method can
identify specific chemical contaiminants and is used to confirm the Screening meathod.
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