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1. Basic data 

 
Plant: Barbados Light and Power 
Customer: Maersk Fluid Technology A/S 
 
Period: 7-15 April 2013  
 
Participants: Maersk Fluid Technology A/S: Henrik Bak Weimar 
 BWSC A/S:    Carsten Otte 
      Finn Hansson 
 
Maersk Fluid Technology A/S 

Technical & Operational Manager: Henrik B Weimar 
 

BWSC A/S 

Test Engineer:   Carsten Otte 
Manager Field Service   Finn Hansson 
Project Manager:   Jeanett Grandjean 
 

2. Technical systems 

 
Diesel engine 
Maker:  MAN 
Type: 9K80MC-S     
Engine No.: D14 
Running hours: 59915  
 
 
Other equipment  
Power Meter: 
Maker: Zimmer Electronic System    
Type: LMG450    
 
Flowmeter: 
Maker: KRAL    
Type: OMG  

3. Scope of work 

In connection with a SEA-Mate® Blending on Board, tests were performed to 
check for any differences in the mechanical properties/efficiency related to friction 
in the bearings when operating an engine on “used, but useable” lubricating oil, 
e.g. lube oil which has been in operation for a long time, only replenished due to 
leakage or sweetened, when the BN (Base Number) are found to high compared 
to fresh new oil. 

4. Executive summary 

This heat rate test was performed to evaluate the differences in SFOC (Specific 
Fuel Oil Consumption) when operating a diesel engine on used/useable lubricating 
oil compared to new/fresh lubricating oil. 
A fuel saving of 0.86g/kWh or 0.44% was noted as well as a lube oil temperature 
reduction of 0.7˚C in the temperature increase between inlet and outlet.  
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5. Work carried out 

 
A heat rate test was performed to evaluate differences in SFOC (Specific Fuel Oil 
Consumption) when operating a two stroke diesel engine on used/useable 
compared to new/fresh lubricating oil. 
 
The engine was tested immediately upon a major overhaul, completed running-in 
and adjustment. 
The engine was tested, first on the existing “used” lube oil and subsequently after 
complete replacement of all the lube oil with fresh lube oil. 
During the replacement of the lube oil, proper cleaning of the bottom tank was 
carried-out. 
The test was made within a few days and with no adjustment done between the 
two tests. 
The test was performed with the engine at 27MW load, which is the normal 
operation load at 90%, and any differences in site conditions having an impact on 
the SFOC such as fuel oil temperature, cooling water temperature, air inlet 
temperature, humidity and ambient pressure were compensated for. 
 
Each test was performed over a period of approximately 1 hour. 
An average of the results from the tests carried-out was used as final result. 
Any test, during which a load change or unforeseen circumstances occurred, was 
not included in the result. 
 
Calibrated and certified instruments were used for all measurements taken: 

• Power meter (see attachment #1) 
• Flow meter (see attachment # 2) 
• Temperature sensors (see attachment # 3) 
• Humidity sensors (see attachment # 3) 
• Barometer (see attachment # 3) 
• Stopwatches (see attachment # 3) 

 
Power meter connected to the CT and VT (current- and voltage transformer) (see 
attachments # 4a, b, c). 
Flow meter installed in the fuel supply line (see attachments # 5a, b, c). 
Existing return flow meter checked with the KRAL test meter and found within 
tolerances. 
Fuel oil temperatures were measured at the fuel meter location 
Cooling water temperatures were measured at scavenging air coolers and 
calculated to an average. 
Air temperatures were measured at the T/C inlets and calculated to an average. 
Lubricating oil temperatures over the bearings were monitored and recorded (see 
attachment # 6). 
Fuel oil samples were taken during the test and used for correction of SFOC (see 
attachments # 7 & 8, used and new oil respectively). 
Lubrication oil samples were taken for used oil (see attachment # 9) and new oil 
(see attachment # 10). 

6. Measurements and findings 

 
First set of measurements with used/existing lube oil, were taken during April 10 
2013 (see attachments 11a, b, c, d, e). 
On April 11, 2013, the engine was stopped due to planned scavenging port 
inspection. 
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Next set of measurements with used/existing lube oil were taken during April 12, 
2013 (see attachments 11f, g, h). 
 
On April 13 and 14, the engine was stopped for lubricating oil change.  
 
A set of measurements with new/fresh lube oil was taken during April 15, 2013 
(see attachments 12a, b, c, d, e). 
 
A summary of measurements before and after oil change is enclosed (see 
attachment # 13). 

7. Conclusion 

 
• It can be concluded that Specific Fuel Oil Consumption has decreased by 

0.86g/kWh equivalent to 0.44% after the oil change. 
• It can be concluded that the temperature raise over the bearings has 

decreased 0.7˚C after the oil change. 
• As the test has been performed on a stationary engine coupled directly to 

a generator, the output may be justified as exact. 
 
With the three above statements in mind, it can be concluded that when 
operating with the SEA-Mate® Blending on Board system, the mechanical 
efficiency has increased due to reduced friction in the bearings as a consequence 
of operating the engine on fresh oil, compared to “used”. 
As mentioned above, the test was performed on a stationary two stroke engine 
that does not have a large thrust bearing compared to a marine application, 
which may have even higher increase in mechanical efficiency than the stationary 
application when operating on clean lubricating oil. 

8. Enclosures 

Attachment # 1:     Power meter specification 
Attachment # 2:     Flow meter specification 
Attachment # 3:     Instruments 
Attachment # 4a, b, c:    Photos of power meter installation  
Attachment # 5a, b, c:    Photos of fuel meter installation 
Attachment # 6:     Lubrication oil temperature drop 
Attachment # 7:     Fuel oil sample during “used” oil test 
Attachment # 8:     Fuel oil sample during “new” oil test 
Attachment # 9:     Lubricating oil sample “used” oil test 
Attachment #10:     Lubricating oil sample “new” oil test 
Attachment #11a, b, c, d, e, f, g, h: Measuring sheet during “used” oil test 
Attachment #12a, b, c, d, e:   Measuring sheet during “used” oil test 
Attachment #13:     Summary of measurements 
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General The four-channel LMG450 power
meter is another advanced
product from ZES ZIMMER

LMG series of precision power
meters, tried and tested and

with great acceptance in the
market. It is designed as a uni-
versal meter for the entire fietd

of power electronics and net-
work anatysis. It can be used in
practicalty atl power etectronics
applications, in development
and test systems, in quaLity as-

surance and maintenance,
It is futty frequency inverter
compatib[e.

0f course, it can atso be used
for measurements in motors,
transformers, conventionaI and
switched power supply units.
It is atso suitable for mains
analysis measurements.

Easy operation thank to
cotour graphics display and
hotkeys for important
measured values

Various vatue tables can be

catled on the colour graphics
dispLay at the press of a key,

either with six vatues in large

[etters, which can also be read

at a gtance from a greater

distance, with twelve vatues

or with up to 40 vatues e.g. in
range setting or in harmonics
table. The graphics disptay
allows scope and plot functions
for waveform and timing dia-
grams, as wetl as xy diagrams or
bar charts for the harmonics.
The status bar at the top of
each display menu shows the

input leve[ of the four voltage
and the four current inputs - an
important item of information
for the quality of the measure-

ment.
The disptay atso indicates what
groups. A and B, the input
channels are switched to and
which signals the groups are

synchronised to.

Stotus bar

:ù i',i'
tr.l ll:l
Itrns 8.'1781 A
l¿c 0.1ó95 n
Idc B.e tltó A
lll rrrì\ 1ff7.80 U ll.' ,,U¿c l8l.BB U llUdc -0.3e U li

Q 8.22 uàr
PF 8.8923 i
F tt9.525 Hz

Chonnel 7 w¡th 71 meosudng volues Ronge setting ønd scolíng

Scope fundion for woveforn of sonpling volua Plot function of cakuloted volues

Measurement inputs The direct measurement inputs
for voltage and current have a

very wide dynamic range:
Eight voltage ranges from 6V to
600V and six ranges for current
from 0.64 to 164.
A further voltage input (six

ranges from 0.72V to 4Y),
designed for isolating current
sensors, extends the current
measuring range atmost in-
definitety. With the hetp ofthe
speciaI current clamps supptied
by ZES ZIMMER and designed

for the LMG450, current can be
measured during running opera-
tions, without interrupting the
current path.

LMG450 - rear vìew



Compensated current clamp
Part No. 145-206

A special current measuring device is the
compensated current ctamp by ZES ZIMMER.

It features etectronic compensation of amplitude
and delay errors. Even at [ow current levels of
1A to 40A, measurement is exact in the freguency
range from 5Hz to 20kHz. Due to its high dynamic
common-mode rejection, this current ctamp is also

very suitabte for carrying out measurements at the
frequency inverter output.

Compensoted current clonp 145-206

Various methods of apptying current to be measured

Direct measurement
0.6 ... 164 (6 R¿nqet
DC...20 kHz

Standard current clamps
with current outputs >0.54
1004 ... 30004
45Hz .,, 3kqz

Com pensated
ZES cunent clamps
1.24...404 (6 Ranges)
5Hz ...2OkHz

Magneto-resistive
current transducer modules
5A ... 504
DC ... 20KHz

4mm safety sockets
6OOV CAT III

PSU200/400/600/700
Precision current transducer
1A ... 700Apeak
DC ... 20kHz
(300kH2, bandwidth of sen5or
ís Limited by LMG450)

Standard cunent clamps with
vottage/current (<0.5A)
outputs
104 ... 2004
45Hz .-- 3kqz

Hat[ effect transducers
5A ... 2004
DC ... 20kHz

DC/AC current clamps with
voltage output
e.g. for osci[[oscopes
10A ... 2004
DC...20kHz

4 independent power measuring channels

The current and vottage paths

of the four power measuring
channels are atl isotated from

each other and from earth.
This attows a high degree of
measuring freedom in many

different power measurement

apptications.
The adjacent table shows vari-
ous types of wirings for grouped

and individuaI measurement
channels. The tabte also assigns

apptication examptes for the
respective types of wiring.
Power measurement channels
L and 4 can each be synchro-
nised to their input signals
(fundamental waves etc.)
independent of each other.
Channels I and 4 are then the
synchronisation references for
the other channels contained in
groups A and B.

This is a very useful method for
carrying out efficiency measure-

ments for equipment where the
input and output have different
frequencies, for exampte a
3-phase frequency inverter with
sing[e-phase mains suppty.

Wiring settings in 0 are featured
by option,,Star-Delta Conversion"

High power batterie
charger (30 -> DC)

Rectifier section of
iwerters (30 -> DC)

3+1
(UÂ Ir -> Ur Ir)

3+1
(U^ I. -> U^ I^)

1ø -> 3ø invertrl
Lorv porver motot 3+1

(U^ I. -> Ut ¡r)

3ø -> 3ø inverter
High power motor

onvês

2+2
(U^ Ir -> U. Ir)

,r¿.t'



Measurement on two systems
with different frequencies

In wiring A:1+2 B:3+4. the
ARON circuit is two times used.

The btock diagram shows that

only one LMG450 is needed for
comptete measurement.

Genera[[y frequency converters

for speed variable drives or
frequency conversion have no

neutral on input or output.

60Hz -> 400H2

The foltowing block diagram
appties wiring A:1+2+3 B:4 and

is typical for a low power speed

variable drive. This example is
used to explain the settings
and displays of the LMG450.

The screenshots were made with
the free software BMP2PC from
ZES ZIMMER.

50Hz >f=vaiable

Setting of global parameters,

e.g. wiring (see tabte at
previous page)

Confi guration of measuring
inputs and sychronisation
source for group A

Confi guration of measuring
inputs and synchronisation
source (same as picture 2 ,

but for group B)

4 Measuring ranges, autorange
or manual, setting of scating
factors for externa[ CT's or

VTs (group A)

5 Measuring ranges, autorange

or manuat, setting of scaling
factors for external CT's or
Ws (group B)

6 Disptay of different ptugged

externaI current sensor
devices from ZES ZIMMER,

here the bottom one is in use

(enabted)

tø
f=50H2

3ø
f=Var

\
a. lz I

Motorv\
a,h,/

t ,,1( ) u,l(Ur



Scope of power (yel.Low),

cunent (red) and vottage
(green) of the frequency
conveÉer sing[e phase input

Scope display of the low
pass fittered 3Ø output, the
chopper frequency is no more

contained because of being
outside the filtered range

9 Large disptay with
six important vatues of the
frequency converter in put,
measured in group B

10 Phase values and summing
vatues of the frequency
converter 3Ø output gives a

quick overview (group A)

11 Efficiency, s[ip, speed and

other interesti ng values

catcutated by user defined
formutas

12 The formuta editor provides

the individuaI catcutations
shown in picture 11

13 Vector dispLay of 3Ø systems

immediately checks the phase

sequence and shows phase

i nterchanges

14 PLot dispLay works [ike a strip
chart recorder and can ptot
atl measured or formuta
catculated va[ues

15 Harmonic anatysis conform to
CE standards
(precomp[iance tests)

16 Frequency spectrum for
current, vottage (as bar chart),
with CE-Limits, [inear or
[ogarith mic

ihrr{ ll:{

Itrms 0.4496 A

Utrms 226.20 V

P 69.09 1^l

0 74.64 var
S IO1 Z1 UA

PF 06793

.r[trrp

llh¡l H:l l-lnl l1:3

Itrns 0.1785 A 0.-1óó4 A

ljtrns 186.92U 18ó.97 u
P 1ó.28 t'l 15.9ó t'l
q 8.21 uär 7.87 vðr
s 18.23 UA 17.88 UÊ

I,lnj ll:j ll,nrll-l I lì:li
Itrns 8.1ó98 Ê ø.2921Ã
ljtrms 186.90 U 185.28 U

P 16.27 u 48.51!'
Q 7,84 uar 23.93 uàr
s 18.8ó UÊ 54.89 UA

tun

û r:,p

f-out 48.516
P-out 48.461 ldt:e:rt

Speed 2.5082 k
Slip 138.38 m

Eta 706.79 n

dûr:p

{er r

Formula nen 2ó,ó ? lTEdrt

Kanal 1,2,3 an Fu-fìusgang und
Kànal 4 an Fu-Eingang 22.88.01 HG

out=lJtrns:1:

lip=1-D' gFrq' 1/ (f * 12ø')a

tJ iì i,l[l
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Itrns 0.42814 F 58.A81H2
Ghn.q Linit

31 ø.øA42 Ã
32 8.880óA
33 8.0834 A
34 0.0805 A
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39 ø.øø21Ã
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A[[ necessary functions
in the basic device:
- Printer interface
- RS232 interface
- Formula editor
- Harmonics analysis for

CE pre-compliance

At[ necessary functions are

included in the basic device at
reasonable price.

Printer and RS232 interfaces,
formuta editor, harmonics
ana[ysis of current and vottage

for pre-comptiance tests in
accordance with EN61000-3-2.

Fornulo editor: the window shows the ovoiloble nothenoticol
fornulae, functions ond logicol conditions

Progrom uonple for the nonitoring of overvoltoge ond
underyoltage

0ptions
- Star-Delta Conversion

Part No. 145-06

50Hz -> f=voioble, instrunentfor motor meosurcment in I+ UÃ wiring

For detailed test and evatua-

tion of 3Ø motors the etectrical
quantities for each winding
phase is needed. In some cases

you have access to the motor
terminal block with start and

end of at[ three windings. Then
you can measure a[[ what you
need. But in most cases the
motor has onty three terminals

and the internal star point or
the delta winding as to measure

its current is not accessibte.

Also far away from the motor
you have only the three wires.

With the option star-delta con-
version you have the capabitity
to catcutate the not accessible

values (e.9. voltages, currents,
power, harmonics). This intetti-

gent solution with an additionat
DSP works we[[ at a[[ waveforms
and every unbalance of mains

and [oad. Simpty connect the
voltage paths in detta and click
the current ctamps around the
wires. Setect the internal con-
nection of your load and press

the ,,Link" softkey.

Colculotion of the reol volues ín the stot connected wínding
phoses (wìing: i+1, UL Ir -> U+ Ir)

Colculotíon of the reaL values in the detto connected
wínding phoses (wiring: 3+1, UL I* -. UL A)

Lr;1 1-. ,l l.lil N:5 [r,,11- l:.ll i];:;

ltrrns 8.17114 e.1ó71fl ll¡_.,,rutrn\ lßó.,r8 u tÊó.1/ u ll¡r
0 B.1B u¿r' 7 BB u¿r ll' L 

's 18.22 UÊ 1t.il UÃ

L rrl l::ì lir.l:l È:ì ':', li-i iJ:l:
Itrrrs Ø.11øØ Ã tì.293!r A
Utrns 18ó.35 U 184.29 U

P 16.29ll lr8.54 ll
Q /.83 u¿r 23.8 I u¿r
s t8.87 UA 5{.87 UA

: Lrrl.l- | l:.1.11 H:5 Lrr,l.l- i lr. i.l- | l1:r

Itrns 91 21nfi 9ó.ó7 nA
. Utrns l8lr. 15 U 184.18 U

P 16.ø2 tt 1ó.84 t',l

, a 7.99 uàr 7.72 var
: s t7.c0 uA 1t,.8e uÊ

Utrms 184.13 U 318.9ó U

P t6.35 t¡ 4B.rr 1 U

Q B.0B u¿r 23.88 u¿r
s 18.24 Ufi 53.95 UÊ

Lrll.l rl l.l tl l-1:ì 'r,l!-l H:1: lf;i;;ì:
Itrrrs q9.85 nA 1ó9.11ì rÌA ll¡JÊf

Further options:

IEEE488 interface
(Part No. 145-01)
Interpretation of the comptete
SCPI, as we[[ as the LMG450

specific command set. The data
transfer yietds up to lMbyte/sec.

Disk or memory card
(Part No. L45-02F or L45-02)
The two memory media, disk or
memory card. can be used as

required, They serve to record

measured and sampted vatues

and to save and recall device
settings (setups).

Flicker meter
(Part No. L45-04)
Compliant to EN61000-4-15.
The evatuation of the voltage
fluctuations by currents up to
16A compliant to EN61000-3-3,
by currenLs up to 75A compliant
to EN61000-3-11.

Process signal interfaces,
digital and analog inputs
and outputs
(Part No. 145-03)
To monitor further process

magnitudes [ike revolution,
torque etc. With assistance of
the formula editor efficiency

and other magnitudes can be

deduced and be apptied as con-
troI parameters.

Harmonics up to 99th
from U, I and P

(Part No. 145-08)
The harmonics up to 99th
option can be used to analyse

current, voltage and power
retated to the fundamenta[
ranging from 1Hz to 1..2kH2.

It is possibte to detect
interharmonics by a setectable
division factor giving a new

fundamental as reference.

Transients
(Part No. 145-05)
The transients option detects
peaks and dips up to a resolu-
tion of 20psec, scanning
taking ptace at 50kHz.

Torque determination
(Part No. 145-016)
Precision Power Meter Series

LMG catcutates torque and

speed of three-phase asynchro-
nous motors from motor current
and voltage without torque
measuring shaft.



Dimensioning of insulation
for a[[ standard low voltages

Technica[ Data

The measurement inputs are

dimensioned for 600V/CAT III,
with option 145-015 up to
1000V. This makes it possible to
measure in at[ standard 3-phase
low voltage networks.
The adjacent table shows that
the voltage "Line to Neutra/
Earth" is always [ess than 600V.

3 Phas/
4 Wirc

3 Phase/
? Wiro

Line to Line
Voltãoê

Line to
Nêrlfâ I /Fâ rth

66/115V l15v 66V

r20v 120v 69V

12O/208V 20av 720V

2tÆU z4ou 139v

230/mu 400v 230u

271 /48OV 480V 277U

500v 500v 2A9U

4æ/690V 690v 400v

1000v 1000v 578V

Voltage measuring ranges
Nominal vatue /V
Maximum trms value /V
Maximum peak value for full scale /V
Overload capabi[ity
Input impedance

6 72.5

7.2 74.4
72.5 25
1500V for 1s

1MQ, 20pF

60 130

60 130

100 200

25

30
50

250
270
400

600

720
1600

400

560

800

Cunent measuring ranges
Nominal vatue /A
Maximum trms vatue /A
Maximum peak value for full scale /A
Overload capability
Input impedance

0.6 7.2 2.5 5 70
7.3 2.6 5.2 10 18
7.875 3.75 7.5 15 30
184 permanent, 504 for 1s, 150A for 20ms
2mC2

16

18
60

Isolatíon Al[ direct current and voltage inputs of power measuring channels against each otier and against earth isolated, max, 6OOV/CATIII

Voltage measuring ranges for external
isoläted current transduceers
NominaI value /V
Maximum trms value /V
Maximum peak value for fu[[ scale /V
Overload capabilig
Input impedance

o.72 0.25
0.15 0.3
0.25 0.5
250V for 1s

100kç), 10pF

05
06
7

1

7.2

2

2

2.5

4

4
5

8

Measuring range selection Auiomatic, manuaI or remotely controlled

Measuring accuracy

Other values

Accuracies based on:
1. sinusoidaI vottage and current
2. ambient temperature (23 a 3) 'C
3. warm up time th

4. definition of power range as the product of
current and voltage range, 0 < ll,l < 1, (À=Power factor=P/S)

5. calibration interval 12 month

At[ other values are derived from the current, voltage and active power values. Accuracies for derived values depend on the
functionatretationship (e.9. 5=I - U, 

^S/S=^I/I+AU/U)

il*uring æcuEct
r (.È of ruring vâtue + cÉ of mdring nnge)

DC lH¿-ll(Hz 45...658¿ 
^C{dDtlng

lkHz..5kH2 5lH¡...20ftH2

voltage 0.2.O.2 0.1{{).t 0.0tr0.05 O.21¡.2 0-:l+O-{

Curent (dir*t) 0.4rO.4 0.15i0.1 0.05+0.05 0.21{.2 0.5+0.5

Active power (diKt) 0.5+{.5 0.2l{).1 0.07iO.04 0.3r{.2 0.H).5

Curent (via ext. cure[t ùansdKer) 0.2.n.2 0,1{4.1 0.05{0.05 0.21O.2 0.3+0.4

ActiE power (via qL curent tñnsdEer) 0.3r{.3 0.15rO.1 0.0rr{.04 0 3+4.2 0.6ro.5

Synchronization The measurement is synchronized on the signats period. There is a choice to determine the period from u(t), i(t), p(t), further
u'z(t), í'z(t) by using a settabte fitter. By this very stable readings are achieved, even at signals of putse width moduÌated
frequency inverter and amptitude modulated electronic battast, synchronization also with externat signaI or,,Line"

Scope function Graphìcal representation of sampled values over the tirne

Plot function Time dìagram of max. four readings, minimal resotution 50rns

Harmonic analysis prCE Harm Measuring of current and vottage according to EN61000-4-7 with eva[uation according to EN610OO-3-2 (Pre-compliance)

Harmonic analysis Harm100 AnaLysis of current, voltage and po$ier up to 99th harmonics (max. rokHz), in total 100 harmonics, when including DC part.
Fundamental in the range from 1,Hzto 7.2kïz. By selectabte integer divider (1...50) a new reference fundamental can be created
as to detect interharmonics.

Flicker measuring Flicker Meter accordìng to EN61000-4-15 with evaluation according to EN6looo-3-3

Transients - monitoring and storíng Storing and graphical displaying of transients with a resolution of zops. Storing depth is 1.4 Millions samp[e values/channel,
setectabte recording duraÈion from 0.05 to 60 seconds. Adjustable pre-trigger, different possibitities of triggering

Computer interfaces
Remote control
0utput data
Transfer rate

Interfaces: RS232 and IEEE488.2, on[y one interface can be used at the same time
AÌ[ functions can be remote controlled, keyboard lock for measuring parameters avaitable
output of a[[ readable data, data formats equaI for a[[ interface types, SCPI command set
RS232: max,115200 Baud, IEEE488,2: max. lMByte/sec

Printer interface Parattet Pc-Printer interface with 25-pin 5UB-D socket for printing measuring values, tables, graphics to matrix, inkjet or laser printeß

Processing signal interface 25 pin SUB-D socket with (The option processing signa[ interface can be built in twice):. four analog inputs for registration of process magnitudes (16Bit, r1OV, lkHz)
. four analog outputs for output of readings or measured magnitudes (16Bit. rlOV, 100kHz)
. four digital inputs for registration ofstates (1kHz, [JLow<lV, UHrGH=4...6OV/2.5n\l
. four digitaI outputs to signal states and atarms (open coltector, output high max. 3OV@100É4, output tow max. 1.5V@100mA). one input for registration of frequency (0.1H2...500kH2) and rotatìon direction of motors (ULow<1V, UHrcH=4...10V, 1MO)
In- and outputs are isolated groupwise against each other and against the other electronics (testing vottage 5oov)



other data
Dísplay

Dimensions

Weight
Protection ctass

Electromagnetic compatibi[i g
Protectìon system

0perating/stonge temperature
C[imatic class
Power supply

STN colour disptay, 320 x 240 pixel, 5,7"
- Bench case, W 320mm x H 147mm x D 307mm
- 19"-chassis, 84Pu, 3HU, D 307mm

about 6,5k9

EN61010 (IEC1010, VDE0411), protection ctass I, overuoltage category III
EN50081, EN50082

IP20 in accordance to DIN40050

0...400c, -20...500c
KYG in accordance to DIN40040

85...264U, 47...440H2, about 45W

LMG450 accessories
ZES ZIMMER compensated current clamps
Nominal value /A
Permissib[e trms vatue /A
Permissible peak vatue for fu[[ scale /A
Overload capability
Max. cord diameter
Isolation

Part No.

145-206 (1 pc.)

145-207 (Set of 4 pc.)

7.25 2.5 5 10

2.5 5.0 10 20

3.75 7.5 15 30

500A for 1s

12mm

3oov/cAT rrr, 6oov/cATrr

20

40
60

40

80
720

Currenk + (?o of measuring vðtue + ?o of meæuringange) / Phase: degrees
nËc)u[il9 dcfurcLJ

1H2...10H2 l0Hz...45Hl 45Hz...1kHz 1kHz...5kHz 5kHz...20kllz 20kHz...50kHz

Current 1.5{4.25 0.4r{.15 0,15+0.05 0.3+0.15 1.0+O.25 4.0+0.5

Phase 6 3 0.5 2 6 20

Ha[[ current sensors for range extension

Part No. Current
nominaI

145-228-Hatl50 354
145-228-Hatt100 604
L45-228-HalI20o 1204

145-229-Hatl300 250A
L45-229-HalI50o 400A

145-229-Halt1000 600A
L45-229-Hall2ooo 10004

Supply

Internally
by LMG450

via HD15

Externally e.9.,,,/ith
ZES power supply for
up to four sensors
Pârt No. SSU-4

Current transducers with Hat[ effect
sensors for range extension of LMG450,

DC...20kHz, accuracy ctass 0,5
connected to LMG450 via HD15 sensor

input, incorporated EEPROM for scaling
and adjustment data as we[[ as data for

automatical'[y setting of appropriate
current range

trms peak

504 704
1004 1204
2004 2404

3004 5004
5004 8004
10004 12004
20004 21004

Power supply unit for up to 4 Sensors

Part No. SSU-4

Power suppty unit for up to 4 Sensors Ío1 L45-229 and PSU-600 series, device fitting under LÞlG450/95,

design equal to NDL5 (see betow)

Adapter for 3-phase meôsurements
Part No. LMG-MAK3

. CEE-Ptug, 5 pins, 164, 2m supply cord

. CEE-Socket, 5 pins, 16A, for EUT

o Socket for supplyrng the meter LMG450
. 4mm safety sockets, rneasuring access to current and vo[tage
o Safety acc. IEC61010: 3ooV/CATIII

R5232 - Ethernet - converter,
10/100mbit
Part No. 145-2318

External adaptot atl connectors wi[[ fixed at the LMG,

suppty by LiïG

PC Softwâre
0rder no. LMG-CONTR0L-B

0rder no. LMG-C0NÌR0L-WA

PC software for data transfer, configuration and visualisation,
Modutar design, saves and loads device configurations. Interactive
mode to set up the measurements. Recording and storage adds

timestamps with accuracy in the range of milliseconds. Analysing
modutes for different applications. Basic version is free of cost.

Additional module for LMG-CONTROL, logging and anatysis of
a[ sampling vatues of the LMG, harmonic analysis up to 1MHz,

frameanalyser, logging of transients.

Subiect to technical chanqes. especìalty to improve the product, at any time without prior notification.

United States

ZES ZIMMER Inc.

4808 Sonto Monico Ave. . San Diego, CA 92107

Phone +1 760 550-9371

www.zes.com . usa@zes.com

Germony (heodquarter)

ZES ZIMMER Etectronic Systems GmbH

Toboksnühlenweg 30 . D-61440 0berursel,/Germany

Tel. +49 6171 628750 . Fax +49 6171. 52086

www. zes, com . soles@ zes, com

tztrsztMMERt
lElectronic Systemsl
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KRALKRAL Volumeter@ - OMG Series.

Universal Flowmeters.
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Flowmeters for a wide range of
applications.

KRAL Volumete¡'-
the original.

KRAL developed the
Volumeter over 20 years

ago as a solution to an

internal requirement. We

needed a precision flow-

meter as part of our pro-

duction test stands but

could not find a flowmeter

that would meet our de-

mands of accuracy, range-

bility and robustness. Since

we had expertise gained

from 30 years of manu-

facturing positive displace-

ment pumps, we had the
idea to turn around the

working principle of the
pumps. lnstead of a

motor driving the pump

spindles, we used flowing

liquid to rotate the spindles.

We found the ideal solu-

t¡on to assure precision,

and reduce pressure drop,

even for diverse operating

conditions. Since then

the KRAL Volumeter€ line

has grown to meet a w¡de

variety of industrial needs.

! Flow Range:

! Max. Pressure:

! Temperature Range:

! Viscosity Hange:

! Liquid:

! Accuracy:

! Casing:

t1 Spindles:

! Ball Bearings:

E Seals:

0,1 to 7500 l/min.

250 bar.

-20 to 200'C.
1 to 1 x 106 mm2/s

chemically neutral, lightly lubri-

cative, clean, non-abrasive.

*0,10lo of rate.

cast iron EN-GJS400.

nitrided steel.

bearing steel.

Viton@.

Robust and precise.

ln most flow measuring

instruments robustness

and precision are mutually

exclusive, but the OMG

offers both.

At KFAL, our core compe-

tence in profiling screw
spindles guarantees preci-

sion measuring chambers

rn the meter. Therefore

extremely accurate meas-

urements are possible

and the OMG's operat¡on

is smooth and responsive.

This is evident in quick re-

covery t¡me when there is

rapid flow fluctuation and

pressure loss.

The OMG is an extremely

sturdy design and protect-

ing it against vibrations

and mechanical loads that

are typical in industrial
plants.

Wide range of
operating conditions.

Flowmeters are often

specified for a given set

of operating parameters.

The performance of those
meters may suffer if those

operating parameters

change.

Being a precision-made

spindle PD metet the

exact measurement of

the OMG covers a wide

range of:

n liquids

I viscosities

E temperatures

Any selection of an OMG

meter is therefore suita-

ble for a wide variety of

applications.

Easy installation.

There is often limited

space available to install

a flowmeter.

KRAL Volumeter are ex-

tremely compact devices

They are âlso ¡nsensitive

to flow disturbances, so

there are no upstream or
downstream installat¡on

requirements The OMG

is also able to measure in

any installation position,

horizontal or vert¡cal. Even

bi-directional flow can be

measured precisely

I oæsas **'- uorumoMc 8s+2 en in2 2 28 1l ãÐ6 10:OO:10 Uhr 
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The solution.

Wide range of
applications.

As a PD meter, the OMG

covers a wide range of

liquids and viscosities.

OMG has a turn-down

ratio up to '100:1

Gompact design.

The axial arrangement of

the measurement system

allows laminar f low with
no change in direction

making it a ve¡'y compact

design

Fast response measure-
ment,

The fast response spind-

les can follow any rapid

fluctuations in the flow

causes by pulsations

High accuracy.

Because of the precision

measurement chamber,

extremely accurate meas-

urements are possible.

Minimal pressurc loss.

The precision screw

design of the volumeter

operates with minimal

friction and pressure loss

Various connections.

Available are:

! Pipe thread

D DIN flange, ANSI, SAE

and JIS

[] Custom

I

No flow conditioning.

The OMG operat¡ng princi-

ple is insensitive to f low

disturbances Flow condi-

tioners are not required.

Valves and pipe elbows
are allowed close to the
flowmeter. That allows for
easy installation in t¡ght

spaces.

Robust and precise.

The rigid casing protects

precisely manufactured

spindles That is why the
OMG offers both robust-

ness and precision.

Bi-directional flow
measut€ment.

Because of the operating

principle, bi-directional

f low can be measured.

Withaflowdirection
sensor, a change of the
f low direction or br¡ef re-

verse flow can be de-

tected and measured.

Standard output signal.

The flow sensor output
signal is an industry

standard square wave.

A dry sleeve seals the
meter completely, for
troublef ree sensor instal-

lation and verification

I urtu-ou*noauorumoMcBs+2enins o 28fi'{J06 10:m:15Uhr 
I
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The following
questions can assist
you in selecting an

OMG meter. Explanation. lnstructions. Notes.

Which size is suitable

for the flow range to be
measured?

The selection of the
correct size ensures a

long service life, high

measunng accuracy

and an excellent cost-

utilization ratio.

From the S¡ze table, select

a size, OMG 13 - 14O,

whose nominal f lowrate,

Ono., is near that of your

application, O"oo Then

calculate flowrate in

[% of Ono.l using the

equation shown at right

The value of flowrate

[% of O"".] is used in the
followingdiagrams Draw

a line downward from this
value to intersect the same

value ¡n the other diagrams.

Moving the line left or

right shows the effects of

meter size on load rating

and l¡nearity.

Does the selected

un¡t have the required
service life?

What is the pressure

drop?

Service life and pressure

drop are important factors

in selecting a meter size.

Verify that your selection

will meet your expecta-

tions of service life and

pressure drop. For in-

creased service life and

reduced pressure drop,

select a larger size This

will reduce the flowrate

I% of O"".i for a given

application

ln the Load rat¡ng

diagram, find the inteÊ

section point of the flow-

rale lo/o of Qno.J and vis-

cosity [mm2/s] for your

application. To the left of

this point, find the pressure

drop for the nom¡nal flow

of your application The

color range where the
point lies signifies either

continuous operation (Vel-

low) or short-term opera-

tion (red). A point in the

white range is not a

recommended load rating

for an OMG.

The range of short-term

operation can be

purposely used for short

times, such as a load

reserve or safety factor

What is the measuring

accuracy of the selected
unit?

High accuracy ¡s expected

from PD meters The

OMG delivers excellent

accuracy over a wide

range of flows. For the
highest accuracy, linear-

ization is possible The

KRAL BEM 500 can linear-

ize the meter's perfor-

mance curve for a defined

viscosity Special calibrati-

on may be required.

With the flowrate [% of

On*l and viscosity [mm2/sl

you can obta¡n the meter

accuracy curve from the
Linearity diagram.

Yellow range signif ies:

The device operates w¡thin

the range of maximum

accuracy of +O,1o/o oÍ

rate

Orange range signifies:

The meter accuracy is

within the limits of

+ 0,37o of rate.

The OMG begins measur-

ing at an extremely low

flowrate, due to very low

slippage past the spindles

As viscosity increases, so

does the linear region of

the accuracy curve
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Size. O.- il/minl

100 150 Flowrate [% of o"o.l

10 OMG 13

3 oMG 20

ô 100 oMG 32

[% von O""""1 _ ;3slx 100 3S0 OMG 52u"'"^ 7oo oMG 68

2000 oMG 100

5000 oMG 140

5010

Load rating.
100000 50000 10000 5000 mm2/s

20
2000 mm'zis

to!
o
þ
o
l

Ø
o

L

1000 mm?s

500 mm2/s

200 mm2/s

100 mm2/s

50 mm2/s
10 mm2/s
5 mm'/s

Flowrate [7o of O"..ì

Linearity.
+'1 ,0

o)l
o
o
f

oo
E
o
õ
c)

-qO

-ñ
-a
'c
oo
C

=

+0,3

+0,1

-0,1

-0,3

200 mm2/s
20 mm2/s

2 mm2ls

I ozes-os xul votumoMc B$2 en ins 5

150 Flowrate t% of O"".1
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Are precision and

sturdiness of the

KRALVolumeter fully

utilized?

Measuring range.

The OMG combines

service life and accuracy

to produce a measuring

range of unmatched

magnitude Since normal

f low condit¡ons are never

static, a w¡de range of

acceptable viscos¡t¡es and

flows is rmportant for
precise measurement.

The Measuring range

diagram provides a visual

impression of the wide

measurement range avail-

able with a Volumêter.

On¡s ¡s where accurate

operation of the oMG

starts.

@The OMG can be

operated continuously up

to th¡s line.

Notice the wide range of

conditions where the

OMG will measure with

a linearity of *O,1o/o

of rate

Yellow range signifies:

Best combination of

accuracy and service life.

Orange range signifies:

The meter is suitable for

continuous operation with

an accuracy of r0,3olo

of rate.

Red range signifies:

Short-term operation.

The linearity wìll be

within r0,1% of rate

150

Flowrate t% of O."-¡

6
ù.
E
E

.g
oo

I 00000
1 0000

1000

200
100

20

10

5

2

1

110 10050

tconünuou! opcrat¡on

./ xÙPil

lxrnx
llneadty r Oltl

I
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Flow
O.""

Q,*n
o.,"

l/min 15

l/min 10

l/min 0,1

45

30

0,3

150

100

1

F'tr

350
2t

1050

700

7

3000 7500

2000 5000

20 50

Prcssure
p-", bar 250 250 250 tt)u 4040100

Temperature
tm,n to tmax

"C -20to+200 -20to+2û -20to+200 -20to+200 -20to+200 -20to+200 -20to+200

ViscosiÇ
vmrn to vmax

mm2/s 1to1x106 1to1x106 1to1x106 1to'1x10ô 1to1x106 1to1x106 1to1x106

K-Factor K1 pulses/l 1216

K2 pulses/l 2432
K3 pulses/l 7296

640

1 280

2560

234
468

1014

71

142

302

39,8

79,6

167

16,8

33,6

sz6

8,85

17,7

22,1

Frequency f1 at O"""" Hz 203
f2 at On"nn Hz 405

f3 at O^"". Hz 1216

320

640

1280

390

780

1 690

414

824
1760

464

929

1949

560

1120

1 920

738

1475

1842

OMG 13 OMG 20 OMG 32 oMG 52 oMG 68 oMG 100 oMG 140

G inch

P bar

1t2"
250

314"

250 250

1 112'
160

o

4040100

lmm
dmm
11 mm

480 645

188 267

400 537

145

90

94

145

74

145

215

104

215

295

118

240

355

138

295

7029114146kg 18 180

15

160

15 20

250 40

15

16C

15 32

250 40

26

r6c

25 40

250 40

4l¡s0
160 40

50 100

r00 16

100 150

40 16

150

40

145

105

94

145 185

130 105

94 145

185

105

145

130 140

145 215

195 265

140

215

265 275 285
150 150

215 240

295 340

170 165

240 295

355 4s0

195 220

295 400

460 600

235 285
400 537

610

300

537

4.8 6,0 6,0 60 8,1 16 16 19 21 23 31 37 65 70 170 180
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KRAL Electronics.

Sensor selection.

You have the choice

between a PNP sensor for

standard applications and

an @-sensor for use in

explosive areas.

lndustry standard
signals.

The BEG 40 sensor supplies

PNP square wave signal.

The BEG 41 @-sensor
produces a Namur signal.

Both of these can be

processed by standard

¡ndustrial interfaces

KRAL Electronic KRAL lndustrial PC

BEM 300 and BEM 500. BEM 900.

For display of flowrate

and consumption, the
BEM 500 is an effortless

solution. The compact

un¡t is designed by KRAL

to support the Volumeter

as well as our various

applications BEM 300

is the economy single

flowmeter device.

For complex applications

wirh up ro 16 KRAL

Volumeter connected, the
pre-programmed BEM 900

is a perfect complement

to OME. Beside flow and

consumption measure-

ment, this solution offers

monitoring and data acqui-

sit¡on and evaluation.

Design
M18x1 ffffiZ
Signal

PNP square wave PNP square wave PNP square wave Namur sine wave

inductive inductive inductive inductive

Material Arcap/Ceramic Arcap Arcap 1.44011Ce¡amic

K1K3K2K1K-Factor

Pressure
p-",

bar 250 420 40420

Temperature
tm,n to tmax

I oæs+s xmr- volumoMc 8$2 en ¡nB I
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Successful applications with
KRALVolumeter OMG.

Fuel consumption
measurement in boilers,

Liquid: heavy fuel oil

Flowrate: 1,6 to 19 l/min.

Pressure: 40 bar

Temperature: 130 to 150'C.
Viscosity: 10 to 15 mm2/s

Measuring device;

two OMG 20's.

The fuel consumption of
the boiler is measured by

determining the d¡fference

between the flow in the

supply and return lines in

order to:

tr adjust the engine

performance to an

optrmum

D cont¡nuously monitor

the fuel consumption

Since the fuel consump-

t¡on makes up the greatest

part of operating costs,

high accuracy is important

Also at h¡gh temperatures,

heavy fuel oil is aggressive

and forms deposits.

The accurate and self-

cleaning OMG is perfect

for this application.

the

Flow measurcment in
polyurethane blending.

Liquid: polyol, isocyanate.

Flowrate: 3,5 to 42 l/min.

Pressure: 250 ba¡.

Temperature: 10 to 80 'C.
Viscosity: 20 to 2.000 mm?s.

Measuring device:

oMG 32.

Measuring task: Accurate

flow measurement of

components to maintain

the proper blend.

Blend errors can result in

flawed product, such as car

dashboards that are sensi-

tive to heat and sunlight.

Problems such as these,

which are not discovered

until the product ¡s delivered

to the customer, can be

avoided with accurate

measurement before of

the blending head Precise,

reliable measurements

ensure proper, consistent
blends, and no subsequent

claims. The OMG meets

these requirements

Tunnel-boring
hydraulics.

Liquid: hydraulic oil

Flowrate: 0,3 to 45 l/m¡n

bi-directional.

Pressure: pulsating up to
250 bar.

Temperature: 40 to 80'C.
Viscosity: 60 to 3.000 mm?s.

Measuring device:

oMG 20.

The flowrate to the
hydraulic cylinder of a

tunnel-boring machine is

measured in order to be

able to determine the
exact pos¡tion of the

bor¡ng b¡t. As the bit digs

through dirt and rocks, the

vibration is transmitted to

the hydraulic cylinder as

fluid pulsations. A diagram

of these pulsations is

shown above.

The OMG is trusted for

reliable measurement in

both flow directions al-

though extreme vibrations

and impacts occur during

boring.

Retumability of
measur€ment.

Each KRALVolumeter is

tested and calibrated on

our in-house test bed.

Depending on customer
requirements, we perform

either a factory calibration

or a calibration in compli-

ance to OKD (Austrian

Calibration Service).

The factory calibration is

KRAL Standard. Special

standards requirements

are also possible As ex-

ample, by adding further

measurement points.

OKD calibrated Volume-

ters are delivered to ISO

IEC EN 17025 standards.

The measured values

are traceable to national

standards The meas-

urement uncertainty of

national standard to test
unit is specified.

Our certif ied OA-system,

in accordance with EN

ISO 9001:2000, guaran-

tees the highest quality

and delivery reliability

i
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Bearing temperatures before and after oil change

t2"c

11 'C
è0
tr

E 10'C
¡¡
vl
UIo ooa
(,
.!
o
H 8'c
oÃ
I
+ 7"Cto

6'C

5'C

Ç tYls¿5u¡ements before oil
change

-l- lvls¿s¡¡ements after oil
change

Measurements of bearing temperatures before and after oil change

Measurements before oil change

Temp Temp after
before
47,7 50,4

41,7 52,7

47,7 52,7

4r,7 46,6

4t,7 51,8

4r,7 53,9

41,7 52,8

4L,7 53,5

4L,7 52,t

AT average:

^T 
("C)

8,7

77

77

4,9

10,1

L2,2

L7,t
11,8

70,4

Temp after

50,5

53,8

52,9

46,8

57,7

54,7

52,7

53,8

Attachment No. 6

AT ("C)

8,5

tL,8
10,9

4,8

9,7

L2,7

70,7

77,8

10-apr

cyl 1

cyl2
cyl 3

cyl 4

cyl 5

cyl 6

cyl 7

cyl 8

cyl 9

Average

15-apr

cyl 1

cyl 2

cyl 3

cyl 4

cyl 5

cyl 6

cylT
cyl 8

cyl 9

Average

10,10'c

L2-apr

cyl 1

cyl 2

cyl 3

cyl 4

cyl 5

cyl 6

cylT
cyl 8

cyl 9

Average

9,39'C

15-apr

cyl 1

cyl2
cyl 3

cyl 4

cyl 5

cyl 6

cylT

cyl 8

cyl 9

Average

Temp

before
42,O

42,O

42,0

42,O

42,0

42,O

42,O

42,O

42,O 52,3 10,3

41,,70 51,83 10,13 42,OO 52,O7 to,o7

Measurements after oil change

Temp Temp after
before
42,2 50,2

42,2 53,3

42,2 52,8

42,2 47,3

42,2 51

ÂT average:

^T 
('C)

Temp after 
^T 

("C)

42,2 53

42,2 52,3

42,2 53,8

8

tL,t
10,6

5,1

8,8

10,8

10,1

LL,6

LO,7

Temp

before
47,8

41,8

4I,8
41,8

4I,8
41,8

47,8

4t,8

49,5 7,7

52,6 10,8

5r,9 10,1

46,3 4,5

50,1 8,3

52,8 LL

51,6 9,8

52,7 10,9

4t,8 51,6 9,842,2 52,3

42,20 5!,78 9,58 41,80 51,01 9,2t



Finn Hansson /lr¿t*.i# 7

SPRING GARDEN GENERÀTION, BARBADOS
UNKNOT{N

FUEL SPECIFICÀTION : MET

TO: MAERSK FLUID TECHNOLOGY

AttN: HENRIK BAK WETMAR

DNV Petroleum Servlces - Fuel Anafys-is Report dated: 04-May-2013

From:
Sent:
To:
Subject:

fnstaffation: SPRfNc

Sample Number
Product Type
Sampl-ing Date
Sampling Point
Sampling Method
Sent From
Date Sent
Arrived at Lab

Seal data

Tested Parameter
Densíty G 15'C
Viscosity G 50"C
Water
Micro Carbon Residue
Sul-fur
Total Sediment Potential-
Ash
Vanadium
Sodi-um
Al-uminium
Silicon
Iron
Nickel-
Calcium
Magnesium
Zinc
Phosphorus
Potassium
Pour Point
Flash Point

Cafcufated Vafues
Aluminium + Sillcon
Net Specific Energy
CCAI (Ignition Qual- j-ty)

Note:

GT4000@dnvps.com
4.m4201315:41
Henrik. Bak.Weimar@maerskflu id. com
SPRING GARDEN GENERATION, BARBADOS, SAMPLE: ROT1315536

GARDEN GENER,ATION, BARBADOS

ROr1315536
(HFo)

10-APR-2013
UNKNOI¡IN

UNKNOV{N

DENMARK

01-MAY-2013
0 2 -MAY-2 01_3

NO SEAL

Result
965.1
359.7

0.1
9

1.48
LT 0.01

0.03
11

4

LT1
LT1

J

53
1

LT1
LT1
LT1
LT1

LT 24

GT 70

RMK38OUnit
kg /m3
mm2 /s
% v/v
% m/m
å m/m
% m/m
% m/m
mq/kg
mg/kq
mg/kg
mg/kg
mg/kg
mg/kg
mg/kq
mg/kg
mg/kg
mg/kg
mg/kg

oc

1010.0
380.0

0.5
22

3. 50

0.10
0. 15

600

30
60

mg/kg
vIJ /kg

LT2
4r.02

821

BO

LT means Less Than, GT means Greater Than.

Operational- Advice :

Approximate fuel temperatures:



lnj ect j-on:
145'C for 10 mm'ls
t25oc for 15 nm2/s
115oC for 20 mm'/s
1l-0"c for 25 m'/s

Transfer :

450C

The ISO specification has been incl-uded for reference onJ-y.

The fuef as represented by this sampJ-e, marked as 'UNfT D74' , is of an
acceptable quality.

Best Regards,
On behaff of DNV Petroleum Services Pte Ltd
Bl-oemen Edwin
Technj-cal Support Engineer

End of Report for SPRING GARDEN GENERATION, BARBADOS

Reference to part(s) of this report which may lead to misinterpretation is
prohibited.

For technicaf or operational advice or further information on this report
please contact your nearest DNVPS office or contact us directly at
Tel- : +31 70 2922600
Emaif : tvpnfl55Gdnvps. com

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * + * * * * * * * * * * * * * * * The
contents of this e-mail message and any attachments are confidential and are intended solely for
the addressee. ff you have received this transmission in error, please immediately notify the
sender by return e-mail- and delete this messag'e and its attachments. Any unauthorized use,
copying or disseminatlon of this transmissj-on is prohibited. Neither the confidentiality nor the
inteqrity of this messaqe can be vouched for fol-l-owing transmission on the Internet.**************************************************************************************



Finn Hansson /#"44or*{ # I
From:
Sent:
To:
Subject:

Sampfe Number
Product Type
Sampling Date
Sampling Point
Sampling Method
Sent From
Date Sent
Arrived at Lab

Seal- data

Tested Parameter
Density G 15'C
vascosaEy Ld 5u u
Water
Micro Carbon Residue
Suffur
Total Sediment Potenti-al
Ash
Vanadium
Sodium
Al-umini-um
Sili-con
Iron
Nickel
Calcium
Magnesium
Ztnc
Phosphorus
Potassi-um
Pour Point
Flash Point

CaÌcul-ated Val-ues
Aluminium + Sil-icon
Net Specific Energy
CCAI (Ignition Quality)

Note:

GT4000@dnvps.com
4.m4201315:43
Henrik. Bak.Weimar@maerskfluid.com
SPRING GARDEN GENERATION, BARBADOS, SAMPLE: ROT1315537

SPRING GARDEN GENER,ATION, BARBADOS
UNKNOT'ßT

E'UEL SPECIFTCATTON : MET

To: MAERSK FLUTD TECHNOLOGY

AttN: HENRIK BAK h/EIMAR

DNV Petroleum Services - Fuel Analysis Report dated: 04-May-2013

fnstaf l-atj-on : SPRING GARDEN GENERATION, BARBADOS

Unit
kg/m3
n¡n" / s
z v/v
% m/m
% m/m
Z m/m
% m/m
mg/kq
mq/kg
mq/kg
mg/kq
mg/kq
mg/kq
mq/kg
mg/kq
mg/kg
mg/kg
mg/kg

"c
oc

ROr1315537
(HFo)

15-APR-2013
UNKNOWN

UNKNOWN

DENMARK

01-MAY-2 013
02-MAY-2013

NO SEAL

Resul-t
965.1
359.3

0. 1-

9

1. 48

LT 0.01
0.03

BO

4

LT1
LT1

J

trtr
JJ

B

LT1
LT1
LT1
LT1

LT 24

GT 70

RMK3 B O

1010.0
380.0

aa

3.50
0.10
0 .15

600

30
60

80mg/kg
MJ/k9

LT2
47 .02

821

LT means Less Than, GT means Greater Than.

Operational Advice :

Approximate fuel temperatures:



lnj ection:
145'C for 10 rw¡2 /s
L25"C for 15 mm,/s
115oC for 20 mm,/s
110'C for 25 nm2/s

Transfer :

450C

The ISO specifj-cation has been included for reference only.

The fuel as represented by this sample, marked as 'UNIT D14' is of an acceptable
quality.

Best Regards,
On behal-f of DNV Petrofeum Services Pte Ltd
B]-oemen Edwin
Techni-cal- Support Engineer

End of Report for SPRING GARDEN GENERATION, BARBADOS

Reference to part(s) of this report whj-ch may lead to misinterpretation is
prohibited.

For technical or operationa-I advice or further j-nformation on this report
please contact your nearest DNVPS office or contact us directly at
Tel- : +31 I0 2922600
Emaif : tvpnll55Gdnvps.com

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * The
contents of this e-maif message and any attachments are confidential and are intended solely for
the addressee. ff you have received this transmissj-on ín error, pfease immediatel-y notify the
sender by return e-mail and delete this message and its attachments. Any unauthorized use,
copying or dissemination of this transmission is prohibited. Neither the confidentiality nor the
integrity of this message can be vouched for following transmission on the fnternet.**************************************************************************************



/ñ.a'u,¿¿,/*g
SeaTec U.K Ltd.

Skypark

I Ell¡ot Placå

Glasgow G3 EEP

Technk¡l Support: Pact-oilanalysis@seatec-servic¡s.com

Numbe¡:
tlodel: 9K80MC MARK 6
Sorial No. Dl4

, t I -J_ a.t\OÍcrade: SHELLMELTNAS3O
MAIN ENGTNE \Øs'á- /exi94 cu 

7 
ot 7 ;ï'.TËä:,t*'""' 

Nor srArED

.NO: --

Sequentlal Results Current
lample Number
)stó ssmpled
)ate Dispatched
)¡rpatched From
)at€ Råcolvod
lâmpl¡ng polnt
iampled By
Jnlt Ssrvlco HourÉ

)ll Servlce Hou¡¡
)ailv Make Uo llitrusl

4391 800

10 Apr 13

25 Nlay 13

Barbados

30 Måy '13

Maln sys
Super
4S950

2

Not stãt€d

\nalysls New Oll Englne
{pPoarsnce
( Vlsoorlty at ¡10 'C cst
( Vlrcoslty at 100 "C cst
:laeh Polnt'C
illater % Vol
looulnrolubleE % wt
\sphaltenes % Wt
Ir!€ Numbor mgKOH/g
)rldatlon ebrrcm
\cid Number moKOH/o

upaque
164.6

14.28
>200

<0.1

<0.1

0.09
17.4

14.00

104

I 1.6

227

5

40 to.15%

< 0.2%
< 2o/o

100 lô -30q

\ddltlve Elemental Analvsis ppm

Ja¡ium
lalcium
¡lagneslum
tho!phorus
Zlnc

<l
u45

33

171

204

/llear & Contaminent Elemenlâl Analvsis oom
Boron
Sodlum
Silicon
Sulphur
Lith¡um
Alum¡nium
Chromlum
Copper
lron
Lead

IIn
Molybdenum
Nlcksl
Tltsnium
Silver
Mångenrso
Vanadium
PO lnder/2ml

<1

6

10

8162
<'l

2
<1

6
't3

<1

1

<1

12
<1

<1

<1

11

<10

)illl,nit Rallns olA

A= Suirable for Futher Sorv¡ce B =AlertLêvál C = Remed¡al Actlon Required D = Unsuitable Charge

lomments by lnterpreter:-
)ll Ratlng:
lhe viscosily is signif¡cantly higher than the new oil value and above the engine manufacturcr's upper limit. This is probably relatad to the
)resence ol the residual fuel derived elements (Nickel and Vânádlum) indicating unburnt/partially burnt residual fuel components in the oil.

lhe reserve of alkalinity (base number) is significantly higher than the new oìl value. These increased levels ind¡cate contaminatlon with
righer base number oil. lt is recommended that lhe o¡l ¡s renewed at the earliest opportunity. Th€se paramelers w¡ll be closely monitored as

iampling progtesses.

Jnit Râtlng:
jlemental analysis of tho wear and conlarn¡nanl shows thesê to be at low levels. There is no evidence to indicata that any undue wear is

)ccurring within the system Nickel and vanad¡um which are the residual fuel derived elements.
Reoort Date: 6 June 201



/1"r4, n,¿'*/#/o
SêaTec U.K, Ltd.

Skypatk
I Elliot Place

Glasgow G3 8EP

Technical Support: Pact-oilanalysis@seátec-serv¡ce3,com

Number:
Model: 9K80MC MARK 6
Sorlal No. NOT STATED
O¡l Grade; SHELL MELINA S 30
Oll Volumê Lllrår: -
Fuol Grade:

ÙIAIN ENGINE NEW SYSTEI\I OIL

Sequenllal Results Cunent
Sample Number
Data Samplod
Date Dlspâtch€d
Olspetched From
Oato Roceivod
Sâmpllng polnt
Samplod Ey
Unil Servlce Hourg
Oll Servlc€ Hours
Oeílv Mâko ljo llitre¡l

4391 799

10 Apr 13

25 May 13

Barbados

30 May 13

Main sys

Supor
49950

2

Not stâtêd

,sls New Oil Enclne
lPposfance
( Viscosity at '10 'C cSl
( Vlscos¡ty al '100 'C cSt
:lash Polnl'c
,Vator % Vol
ìooUlnsolubles % wt
{sphaltonos 7c Wt
laca Number mgKOH/g
)xldâtlon abs/cm
\cid Number moKOH/o

Opaque

107.ô

1 r.82
>200

4.74
<0.1

0

6.0

4.00

104

1 1.6

227

5

40 lo -15%

< O 2a/o

<2%

100 tô -3001

\dditive Elemental Analvsls pom
3ar¡um
:elclum
lllagneslum
thosphorus

Zinc

2

2086
<l

232
2SA

,Vear & Contamlnant Elemental Analvsls oom

lodlum
lilicon
ìulphur
-lthlum
llumlnlum
lhromium
:opp€r
fon
-eed
lin
Iolybdenum
{ickol
llt¿nlum
ìilver
tlanganoso
/Ên¡dlum
tQ lndex/2ml

I
4

ã581
<,1

<1

<1

2

1

5

<1

2
<1

<1

<1

<1

<l
<10

)llrunlt RstlnE ctA

= Su¡lable for Fúlh6r Sgrvlce B = Alel Level C = Romod¡al Aclion Required D = Unsuitable Charg€

lomments by lnterpreter:-
)¡l Rat¡ng:
lhe oil shows high levels of waler. Since this is a new oil sample, lhe water could heve been introduced due to in corect sampl¡ng technique
¡r contaminated oil. Continued inlensive purification of the charge at g0-95 degrees should reduce the level of waler to a minor lev6l. The o¡l
þntains negllgible levels of sooUinsolubles and the viscosity and the reserve álkalln¡ty (base number), both, are close to the new o¡l values
lnd satlsfaclory.
Jnlt Ratlng:
:lemenlal analysis of lhe wear and contaminant shows these to be remalning at very low levels.

Reoorl Date: 6 June 201Í



McA'*"*/ 4 //a
Bl,lrsC:

10
DOC No SHEET REV

PAGE 1 OF 1

Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

90065
PROJ.

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

10-apr-13

09:004

Unit Gross Electrical Power (Punit)

TIME: MIN SEC READING

START 0 0 295.300.0 kwh

END 58 51 321.950,0 kwh

DIFF. 58,8t 26.650.C kwh

KW 27.170,773

FUEL OIL CONSUMPTION (Q)

IIME: MIN SEC READING

START I 47 305.270.0 I

=ND
68 52 320.900.0 I

)IFF. 59,08 15.630,0 I

/h 15.872.50

FO DRATN (Qd)

TIME: MIN SEC READING

START 5 5 9.083.630.0

END 63 22 9.093.350.00

DIFF. 58,28 9.720.00
th 10.006,29

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

AmbientAir lntake temperature oC
33,1 348 34,7 34,20

Humiditv %RH 51.5 39,8 38,2 43.17

LT Coolant inlet temperature oC 36,9 37.1 383 37,43

Ambient oressure. mBar 1011 101 1 1011 1011.0C

FuelOiltemperature at FO Flowmeter oC 119,1 119.4 119,2 119,23

Generator Power factor o 0,95 0,95 0.95 0,9f

Generator Voltaqe KV 11.1 11.1 11,2 11,1?

Gen.Coolinq Air Temo inlet oC

Sen.Coolinq Air Temo outlet oC

Sen. Windinq Temo Phase U oC

Sen. Wndinq Temo Phase V oC

3en. Wndino Temo Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ DOC. No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 4

LOAD: 27 MW

DATE: 10-apr-13

TIME: 09:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

t1l Jnit Generator Terminal Power P un¡t KW 27',t70,77

t41 lumiditv h %RH 37.43

t21 =uel OilConsumption o l11 15872.50

l2Al =uel oil drain Q¿t th 10006,29

f3t Ambient Air lntake Temperature 27 ta-¡ oc 34,20

t5l LT Cooling Water Temperature 27 t 43,17

t6l Ambient Pressure 1 000 0"-" mBar 101 1.00

17t Fuel OilTemperature at Flowmeter tn" oc 119,23

f8t Fuel Oil specicific gravity at 15 'C 9rs kg/l 0,97

tel Fuel Oil specicific gravity Correction at t¡,"¡ P""t kg/l 0,89

t 101 Specific Fuel Oil Consumotion - uncorrected VCF kJ/kwt 192.91

t11l Fuel Net. Heat Value 41 000 HN kJ/kg 41020,00

t 121 SFOC corrected to LCV sFocLc\ kJ/kwt 193,01

I14l Site Ambient Correction Factor Ac % 0,99

t 15l SFOC corrected to MCR ("consumption ref. condition") sFocco,r g/kWl 't95,14

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of specific energy for fuel oil
Comparison between diff. standard €lelalions

Given:

Density at 15'C, gy'ml:

Proportion by mass of water, % (rvm):

Proportion by mass of ash, % (m/m):

Proport¡on by mass of sulphur, oó (rn/m)

DNVPS analyse dated 't3-0't-05 @la^n

Slandard:
Net specific energy,

OnD

Gross specmc energy,

,J MA lUU : IVõZ

\sTM D 486&90
ReapDr.1995)

4U, rCtó MJrKg

9734,722kêUkg
17522.5 Btu/lb

+J, tc¿4 MJr(g

18552,2 Btu¡b

lS MA 100: 1989

1S2869:Pârt2:1988
lS 2869:1998
SO 8217:1987
cô ¡rl7.looÂ

41,0218 MJ/kg

'17636,2 Btunb

43,4128 MJ/kg

18664,1 Btu/lb

ilù n z¿rv
ìas O¡1, A, B

{u,rcr4 MJ/Kg

17522,5 Btu¡b

+J, I C¿4 MJfÁg

18552,2 Btu¡b

ilÞ Á zzrS
ruel O¡l C

41,0218 MJftg

17636,2 Btu¡b

+o,c t¿o MJfKg

186ô4,2 Btu¡b

)ubl. No.97
JS NBS

4U,rWU MJtKg

17499.6 Btu/lb

qJl¿o¿ MJttg

18583,9 Btu4b



/#".2, n4¿,-t/ #// 6.

BWSC-
10

DOC No SHEET REV

PAGE 1 OF 1

Burmeister & Wain Scandinavian Contractor fuS

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

90065
PROJ.

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

10-apr-13

09:305

Unit Gross Electrical Power lPunitì

IIME: MIN SEC READING

START 0 0 309.600.0 kwh

END 60 22 336.950.0 kwh

DIFF. 60,37 27.350,4 kwh
(W 27.183,876

FUEL OIL CONSUMPTION fO)

TIME: MIN SEC READING

START I 23 313.260,0

END 68 0 329.040,0

DIFF. 59,62 15.780,0

t/h 15.881,46

FO DRA|N (Qd)

TIME: MIN SEC READING

START 4 19 9.088.770.0

=ND
64 30 9.098.810,00

)IFF. 60,18 10.040,00
th 10.009,42

Readinss Read. #1 Read. #2 Read. #3 Averaqe

Ambient Air lntake temperature "C 34.7 348 35,7 35,07

Humidity %RH 38.2 398 38,7 38,9C

LT Coolant inlet temperature oC 383 37,1 38,2 37.87

Ambient pressure. mBar 1011 1011 1011 101 1,0c

uelOiltemperature at FO Flowmeter oC 119,2 119,4 119,8 119.47

Senerator Power factor o 0,95 0,95 0,95 095

SeneratorVoltaqe KV 11,1 11.1 11.2 11.13

Gen.Coolinq Air Temp inlet oC

Gen.Coolinq Air Temp outlet oC

Gen. Wndinq Temp Phase U "C

Gen. \Â/indinq Temp Phase V oC

Gen. \Mndinq Temo Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL GONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 5

LOAD: 27 MW

DATE: 10-apr-13

TIME: 09:30

DNVPS analyse No. , Seal

Ref. tem: Ref Abb. Unit Value

t1t Unit Generator Terminal Power
EII unit KW 27183.88

r41 Humidity h
%RH 37.87

121 Fuel Oil Consumotion o Uh 15881 .46

t2A l Fueloildrain Qo, th 10009,42

t31 Ambient Air lntake Temperature 27 tam¡ 35,07

t5l LT Cooling Water Temperature 27 t 38,90

t6l Ambient Pressure 1 000 0"-^ mBar 101 1 .00

17t Fuel Oil Temperature at Flowmeter tru" oc 119,47

t8l Fuel Oil specicific gravity at 15 "C 9rc kgl 0,97

ts1 Fuel Oil specicific gravity Correction at t6,"¡ P".t kg/ 0,89

t10t Specific Fuel Oil Consumption - uncorrected VCF (J/kwt 192.98

[11] Fuel Net. Heat Value 41000 HN <J/kg 41020,00

1,121 SFOC corrected to LCV sFocLc\ KJ/KWl 193,07

141 Site Ambient Correction Factor qc o/o 0,99

t 15I SFOC corrected to MCR ("consumption ref. condition") sFoccon g/kWh 194,73

Date/Signature - BWSC Date/Signature - CLIENT



Calculation of specific energy for fuel o¡l
Compârison between d¡ff. standard calculations

Givsn:

Density at 15'C, gy'ml:

Proportion by mass of water, % (m/m):

Prcportion by mass of ash, 0/6 (m/m):

Proportion by mass of sulphur, % (rnlm)

DNVPS anatyse dated 'tlol-os |@*nn

Stenderd:
Net spec¡ftc energy,

C)nD

Gros spec¡fc energy,
f)nv

tù MA tuu: tYðz

\STM D ¡18ô8-90

ReapDr 1995)

4U,/J/J MJ/Kg

9734,722 kcallkg
17522,5 Btu/lb

43,1524 MJ/kg

18552,2 Btu/lb

JJ MA lUU: I9ð9
lS 2869: Part 2 : '1988

lS 2869:1998

SO 8217:1987
SO 8217:1996

4'1,0218 MJ/kg

17636.2 Btu/lb

43,4128 MJ/lr|g

18664.1 Btulb

,Iò A ZZIY
3as Oil, A, B

4U,/Cr4 MJ/Kg

17522,5 Btu/lb

43,1524 MJ/kg

'18552.2 Btuilb

ilù Ã zzlY
:uel O¡l C

4r,uzrõ MJ/Kg

17636.2 Btu/lb

4J,4rZð MJ/Kg

186il,2 Btunb

)ubl No 97

JS NBS

4U, f WU MJ/Kg

17499.6 Blu¡b

43,2262 MJR9

18583,9 Btu/lb



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

l#o.¿r4¿4'/ fi //e.

BWSC:
90065 1 0

PROJ DOC No SHEET REV

PAGE 1 OF I

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

10-apr-13

10:006

Unit Gross Electrical Power lPunit)

TIME: MIN SEC READING

START 58 51 321.950,0 kwh

END 118 þ 348.800,0 kwh

DIFF. 59,25 26.850,0 kwh

KW 27.189,873

FUEL OIL CONSUMPTION IOI

TIME: MIN SEC READING

START 68 52 320.900,0 I

=ND 126 45 336.220.0 I

)IFF. 57,88 15.320,0 I

lh 15.880,22

FO DRATN (Qd)

TIME: MIN SEC READING

START 63 22 9.093.350,0 I

END 122 21 9.103.190.00 I

DIFF. 58,98 9.840,00 I

th 10.009,61

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

Ambient Air lntake temoerature oC 34.7 35.7 34,9 35,1 C

Humiditv %RH 382 387 38,2 38,3i

LT Coolant inlet temoerature oC 38,3 38.2 384 38,3C

Ambient pressure. mBar 1011 1011 1011 101'1,0C

FuelOiltemperature at FO Flowmeter oC 119.2 119.8 119,8 1 19,6C

Generator Power factor O 095 0,95 0.95 095

GeneratorVoltaqe l(\/ 11,1 11.1 11.2 11,13

Gen.Coolinq Air Temo inlet oC

Gen.Coolino Air Temo outlet oC

Gen. Windinq Temo Phase U oC

Gen. Windino Temo Phase V oC

3en. \Mndinq Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Gontractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ. DOC No, SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 6

LOAD: 27l,llW

DATE: l0-apr-13

TIME: 10:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

1 Unit Generator Terminal Power
E,r un¡t KW 27189.87

r4t Humiditv h %RH 38.30

t21 Fuel Oil Consumption o t/h 15880.22

t2A l Fueloildrain Q¿, t/h 10009,61

f3t Ambient Air lntake Temperature 27 tamu 35,1 0

t5l T Cooling Water Temperature 27 tc oc 38,37

t6t {mbient Pressure I 000 0.-¡ mBar 101 1.00

171 :uel Oil Temperature at Flowmeter tn" "c 1 19,60

t8l Fuel Oil specicific qravity at 15 'C Prs kg/ 0,97

tel Fuel Oil specicific gravity Correction at Çu"¡ P""t ks/ 0,89

t 101 Soecific Fuel OilConsumption - uncorrected VCF kJ/kwt 192,87

t11l Fuel Net. Heat Value 41 000 HN kJ/kg 41020,00

rnl SFOC corrected to LCV sFocLc\ kJ/kwt 192,96

I14l Site Ambient Correction Factor Ac o/o 0,99

t 15l SFOC corrected to MCR ("consumption ref. condition") sFocco,r g/kWh 194,56

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of spec¡fic energy for fuel o¡l
Comparison between diff. standard calculat¡ons

Givon:

Dens¡ty at '15'C, gy'ml:

Proportion by mass of water, % (m/m):

Proportion by mass of ash, % (rn/m):

Proportion by mass of sulphur, 0/6 (rnlm):

DNVPS anatyse dated 13-01-05 @*rnn

Standard:
Nel specftc enefgy,

ônn
Gross specific energy,

aJdv

J5 MA',tUU : 19UZ

\sTM D 48ô8-90
Reaoor. 1 995)

40,7573 MJ¡(g
9734,722 Rc'avkg

17522,5 Blu/l,b

43,1524 MJ/kg

18552,2 Btulb

'Þ 
MA IUU : IYOY

lS 2869: Part 2 : '1988

lS 28ô9:1998
SO 8217:1987
SO 8217:1996

41,02't8 MJ/kg

1763ô,2 Btunb

43,4128 MJ/kg

1866,4.1 Btunb

ils K 2279
ìas Oil, A, B

40,7574 MJRg

'17522,5 Btulb

43,1524 MJ/kg

'18552,2 Btuilb

|sK2279
:uel Oil C

41,0218 MJ/¡(g

17636,2 Btu¿b

43,4'128 MJ/K'g

18664.2 Btu/lb

,uDt. No. 9/
JS NBS

40,7040 MJ/kg

17499,6 Btulb

43,2262 MJR9

18583,9 Btu¡b



Burmeister & Wain Scandinavian Contractor A/S

Mt4t*t-./* // ¿.

BWSC:
PROJECT:

DATE:

SUBJECT:

Barbados

2013.05.28

MEASURING SHEET

90065
PROJ.

10
DOC No SHEET REV

PAGE 1 OF I

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

10-apr-13

09:30I

Unit Gross Electrical Power lPunit)

flME: MIN SEC READING

START 30 48 310.050,0 kwh

END 90 44 337.200,0 kwh

DIFF. 59,93 27.150,0 kwh

(W 27.180,200

FUEL OIL CONSUMPTION fQ)

flME: MIN SEC READING

START 38 44 313.400.0

END 101 16 329.950.0

DIFF. 62,53 16.550,0

th 15.879.53

FO DRA|N (Ad)

IIME: MIN SEC READING

START 34 53 9.088.900,0

END 94 58 9.098.900,00

f IFF. 60,08 10.000,00
th 9.986,13

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

\mbient Air lntake temperature oC 34.7 34,8 35,7 35.07

lumiditv o/oRH 38,2 398 38,7 38,9(

T Coolant inlet temperature oC 38,3 37,1 38.2 37,8i

\mbient pressure. mBar 1011 1011 1011 101 I ,0(

=uelOiltemperature at FO Flowmeter oC 119,2 119,4 119,8 119.4i

Senerator Power factor o 0.95 0,95 0.95 09t
Generator Voltaoe KV 11.1 11 1 112 11 1

Gen.Coolinq Air Temp inlet oC

Gen.Coolinq Air Temp outlet "C

Gen. Windinq Temp Phase U oC

Gen. Windino Temp Phase V oC

Gen. \Mndino Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLIENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 8

LOAD: 27 ìtlW

DATE: 10-apr-13

TIME: 09:30

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

1 Unit Generator Terminal Power
l

unit KW 27180,20

141 Humiditv 1 %RH 37.87

t21 Fuel Oil Consumption e t/h 15879.53

I 2At Fueloildrain Q¿, t/h 9986,1 3

t31 Ambient Air lntake Temperature 27 .amb 35,07

t5l LT Cooling Water Temperature 27 .c 38,90

t6t Ambient Pressure 1 000 C.-¡ mBar 101 I .00

t7 t Fuel OilTemperature at Flowmeter .tuel 119,47

l8l Fuel Oil specicific gravity at 15 'C crs kg/l 0,97

tel Fuel Oil specicific gravity Correction at $u"¡ Cact ks/l 0,89

t 101 Specific Fuel Oil Consumption - uncorrected úcF kJ/kwt 193.70

11 Fuel Net. Heat Value 41 000 i{N kJ/kg 41020,00

112 | SFOC corrected to LCV sFocLc\ kJ/kwt 193,80

l 14l Site Ambient Correction Factor qc o/o 0,99

t 15l SFOC corrected to MCR ("consumption ref. condition") sFoc*,, g/kWh 195,47

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of spec¡f¡c energy for fuel o¡l
Comparison between diff standard calculations

Given:

Density at 15"C, g/ml:

Proportion by mass of water, % (m/m):

Proport¡on by mass of ash, % (Í/m):
Proportlon by mass of sulphur, % (ûì/m):

DNVps anâtysê dâted l3-ot-os @*rnn

Standard:
Nel specilrc energy,

ônñ
uross speqic energy,

ôdv

,s MA 10U : 19UZ

\sTM O 4868-90
ReaDor- 1995ì

+u,rJto MJ/ñg

9734,722 kcavkg
17522,5 B¡ullb

43,1524 MJ/Kg

18552,2 Btu/lb

tS MA 100: 1989

ìS 2869: Part 2 : 1988

,S 2869:1 998

SO 0217:'1987

SO 8217:'1996

41,0218 MJI(g

1763ô,2 Btu/lb

43,4128 MJ/kg

18664,1 Btu¡b

Þs Oil, A, B

4U,/5/4 MJ/t(g

17522,5 Blullb

43,1524 MJ/ks

18552,2 Btulb

[ù 
^ 

z¿ti
iuel Oil C

MJ'Á9

17636,2 Btu/lb

4ó,4',t2ö MJ/Kg

18664,2 Btulb

'uot. No. Y,
JS NBS

tu,ru+u tuJtKg

17499,6 Btu/lb

{o,¿¿o¿ tuJtÁg

'18583,9 Btulb



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

/#'thn o,-/ # //e-.

BWSC:
90065 1 0

PROJ. DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

10-apr-13

10:009

Unit Gross Electrical Power lPunit)

TIME: MIN SEC READING

START 58 18 322.500,0 kwh

=ND
116 59 349.100,0 kwh

)IFF. 58,68 26.600,C kwh

KW 27.196,819

FUEL OIL CONSUMPTION IOI

TIME: MIN SEC READING

START 67 39 321.050,0

END 125 28 336.350,0

DIFF. 57.82 15.300.0

tn 15.877,77

FO DRATN (Q,,)

TIME: MIN SEC READING

START 63 30 9.093.650.0

END 121 18 9.103.290.00

DIFF. 57,80 9.640.00 I

th 10.006.92

Readings Read. #l Read. #2 Read. #3 Average

Ambient Alr lntake temperature oC 347 35.7 349 35,1C

Humidity %RH 382 38,7 38.2 38,3i

LT Coolant inlet temperature oC 38,3 38.2 38.4 38,3C

Ambient pressure. mBar 1011 1011 1011 101 1,0C

FuelOiltemperature at FO Flowmeter oC 119.2 I 19.8 1 19,8 119,6C

Generator Power factor O 0,95 0.95 0,95 0,95

GeneratorVoltaqe l(\/ 11.1 11 1 11,2 11,13

Gen.Coolinq Air Temo inlet oC

3en.Cooling Air Temp outlet oC

Sen. Winding Temp Phase U oC

Sen. \Mndinq Temp Phase V oC

Gen. \Â/indinq Temp Phase W "C

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ. DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 9

LOAD: 27 MW

DATE: 10-apr-13

TIME: 10:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

t1l Unit Generator Terminal Power
P un¡t KW 27196,82

t 4t ¡lumiditv h
ToRH 38,30

t21 ;uelOil Consumption o th 15877.77

l2Al lueloildrain Qo' th 10006,92

t3l Ambient Air lntake Temperature 27 tam¡
oc 35,1 0

t5l -T Coolinq Water Temoerature 27 t oc 38,37

t6l Ambient Pressure 1000 o"-r mBar 101 1.00

t7t =uel OilTemperature at Flowmeter L
ttue 'c 1 19,60

t81 =uel Oil specicific gravity at 15 'C Prs kg/ 0,97

tel =uel Oil specicific gravity Correction at $r", Pact kg/ 0,89

101 Specific Fuel Oil Consumption - uncorrected VCF kJ/kwt 't92.82

t11 l :uel Net. Heat Value 41000 HN kJ/kg 41020,00

121 SFOC corrected to LCV sFocLc\ kJ/kwt 192,92

1141 Site Ambient Correction Factor Ac o/ 0,99

t15I SFOC corrected to MCR ("consumption ref. condition") sFoc"o, g/kWh 't94,52

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of specific energy for fuel oil
Comparison between diff standard cålculat¡ons

Given:

Dens¡ty at 15'C, g/ml:

Proportion by mass of water, % (m/m):

Proport¡on by mass of ash, % (nì/m):

Proport¡on by mass of sulphur, % (r/m):

DNVps anatyse dated i3-ot-05 |@l*rnn

Standard:
Nel speclfic energy,

ônô
Gross specil¡c energy,

aJdv

,ti MA 1UU: 1962

\sTM D 4868-90
ReaDor 19951

40,7573 MJ/kg

9734,722 RcÃllkg
'17522,5 Btu[b

4.r,1þ24 MJ/Kg

18552,2 Blu/lb

ts MA 'tuo: 1949

¡S 2869: Parl 2 : 1988

¡S 2869:1998
SO 8217:1987
SO 8217:1996

4'1,0218 MJ/kg

'17636.2 Btu¡b

43,4't28 MJ/|rig

18664.'l Btu/lb

IS K2279
ias Oil. A. B

40,7574 MJ/kg

'17522,5 Btullh

43,1524 MJ/kg

18552.2 Btu/lb

[s K 2Zl9
:uel O¡l C

41,0218 MJ/kg

17636,2 Btulb

4J,4tZö MJ/Kg

18664.2 Btu/lb

,ubt No.9/
JS NBS

40,7040 MJ/kg

'17499,6 Btulb

432262 MJ/kg

18583.9 Btu/lb



/#*¿'*r"J f ///
BWSC:

10
DOC No SHÊET REV

PAGE 1 OF 1

Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

90065
PROJ,

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

'12-agr-13

12:003

Unit Gross Electrical Power (Punit)

TIME: MIN SEC READING

START r33 57 56.500,0 kwh

END 220 12 95.120,0 kwh

DIFF. 86,25 38.620,C kwh

KW 26.866,087

FUEL OIL CONSUMPTION (Q)

IIME: MIN SEC READING

START 142 33 1.1 19.500,0 I

=ND
228 14 1j42.200.0 I

)IFF. 85.68 22.700.0 I

th 15.895,74

FO DRA¡N (ad)

TIME: MIN SEC READING

START r38 51 9.626.810,0

END 225 I 9.641.300.00

DIFF. 86,28 14.490,00

tn 10.076,11

Readings Read. #1 Read. #2 Read. #3 Averaqe

Ambient Air lntake temperature "C 35.5 35,5 35,50

Humiditv %RH 45 46 45,50

LT Coolant inlet temperature "C 37.4 378 37,60

Ambient oressure. mBar 1010 1009 1009.5C

FuelOiltemoerature at FO Flowmeter oC 120.7 129,9 125.30

Generator Power factor O 0,939 0,9348 094

GeneratorVoltaoe lry 11,1 11 1 11.10

Gen.Coolino Air Temo inlet oC

Gen.Coolino Air Temo outlet oC

Gen, \Â/indino Temo Phase U oC

Gen. Windinq Temp Phase V oC

Gen. Windinq Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCULATION SHEET

BWSC-
90065 I 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 3

LOAD: 27ìllW

DATE: 12-apr-13

TIME: 12:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

t1 Unit Generator Terminal Power
P un¡t KW 26866,09

t41 HumidiW
h

'/oRH 37,60

l2l FuelOil Consumotion o th 15895,74

I 241 -uel oildrain Q¿,. th 10076,11

t3I {mbient Air lntake Temperature 27 temb
,c 35,50

t5l T Cooling Water Temperature 27 rc 45,50

t6l {mbient Pressure 1 000 0"-r mBar 1009,50

17 | :uel OilTemperature at Flowmeter tt,"l oc 125,30

t81 :uel Oil specicific gravity at 15 "C 9rs <gl 0,97

tel Fuel Oil specicifìc gravity Correction at !u"¡ Pact (g/ 0,89

101 Soecific Fuel Oil Consumption - uncorrected VCF d/kwf 192,63

1r I Fuel Net. Heat Value 41 000 HN <J/kg 41020,00

l12l SFOC corrected to LCV sFocLc,, (J/kwf 192,72

l14l Site Ambient Correction Factor A. % 0,99

t15l SFOC corrected to MCR ("consumption ref. condition") sFoc"o,r ¡/kWtr 1 95,1 8

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of specific energy for fuel o¡l
Comparison between diff. standard calculations

Given:

Dens¡ty at 15'C, g/ml:

Proportion by mass of water, % (m/m):

Proportion by mass of ash, % (ÍVm):

Proportion by mass of sulphur, % (Íì/m):

oNVPs anatyse dated 13-ol-05 |@*rnn

Standârd:
Net spec¡fic energy,

ônô
Gross specllrc energy,

ôov

ls MA 100 : 1982

\STM D 486&90
ReâDpr 1995)

{U,'C'J MJ'fg
9734,722 kcallkg

17522,5 Btu¡b

43,1524 MJ/kg

'18552,2 Btunb

lS MA 100 : 1989

1S2869:Part2:1988
lS 2869:1998
SO 8217:1987
SO 8217:1996

41,0218 MJ/kg

17636,2 Btu/lb

43,4'128 MJfts

'18664,'l Btu/lb

ltù 
^ 

z¿tY
ìas Oil, A, B

40,7574 MJA'g

'17522,5 Blu/,b

43,1524 MJikg

18552,2 Btu/lb

nù 
^ 

zztY
:uel Oil C

41,UZ1U MJ/K9

17636,2 B¡u/lb

43,4128 MJ/kg

18664,2 Btu/lb

,uot No. Yt
JS NBS

17499,6 Btu/lb

43,2262 MJ/kg

'18583,9 Btu¡b



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

4#"4Áþ,*r/# //î
BWSC:

90065 I 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

12-aor-13

12:404

Unit Gross Electrical Power lPunitl

IIME: MIN SEC READING

START 149 44 63.568,0 k\ /h

=ND
220 15 95.120,0 kwh

]IFF. 70.52 31.552,0 kwh

(W 26.846,419

FUEL OIL CONSUMPTION (Q)

TIME: MIN SEC READING

START 142 33 1 .1 19.500,0

END 228 14 1.142.200,0

DIFF. 85.68 22.700.0

r/h 15.895,74

FO DRA|N (Od)

TIME: MIN SEC READING

START 153 40 9.629.300,0

=ND
225 6 9.641.300.00

]IFF. 71.43 12.000,00

th 10.079,33

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

\mbient Air lntake temperature oC 35.5 35.5 35,5(

lumiditu %RH 45 46 45,5(

T Coolant inlet temoerature oC 374 378 37,6(

\mbient Dressure. mBar 1010 I 009 1009,5(

=uelOiltemoerature at FO Flowmeter oC 120,7 129,9 125.30

Senerator Power factor O 0,939 0,9348 094

3eneratorVoltaoe t(\/ 11 1 111 11ia

Gen.Coolinq Air Temp inlet oC

Sen.Coolinq Air Temo outlet oC

Sen. Windinq Temp Phase U oC

Sen. Windino Temo Phase V oC

Sen. Windino Temo Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ OOC. NO SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 4

LOAD: 27MW

DATE: 12-apr-13

TIME: 12=40

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

I Unit Generator Terminal Power
Ð_.

unrl KW 26846,42

t41 Humiditv
1 %RH 37,60

121 Fuel OilConsumption o th 15895.74

l2A1 Fueloildrain Q¿, Uh 10079,33

t3l Ambient Air lntake Temperature 27 tam¡ 35,50

t5l LT Cooling Water Temperature 27 t 45,50

f6t Ambient Pressure 1 000 0"-n mBar 1009.50

1.7 I Fuel Oil Temperature at Flowmeter tt," oc 125,30

t8t Fuel Oil specicific gravity at 15 'C Pts kg/ 0,97

tel Fuel Oil specicific gravity Correction at t¡,"¡ Pact kg/l 0,89

t10t Soecific Fuel Oil Consumotion - uncorrected VCF kJ/kwt 192.66

t 111 Fue Net. Heat Value 41 000 HN kJ/kg 41020,00

I 121 SFOC corrected to LCV sFocLc\ KJ/KWt 192,76

I14l Site Ambient Correction Factor A" % 0,99

t 15l SFOC corrected to MCR ("consumption ref. condition") sFoc"on g/kWt 195,22

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of specific energy for fuel oil
Comparison between diff standard calculations

Given:

Density at 15'C, g/ml:

Proport¡on by mass of water, % (m/m):

Proportion by mass of ash, % (rnlm):

Proportion by mass of sulphur, % (rnlm):

DNVPS anatyse dated t3-ol-05 |@l*r^n

Standard:
Net specric enefgy,

Ono

Gfoss specfrc energy,
ôdv

JS MA 100: ',lgUZ

\sTM D 4868-90
Paâññr lA06l

+u,r9tJ tuJtKg

9734,722 kc,llkg
17522,5 Blutb

43,1524 MJ/Kg

18552,2 Btu/lb

lS MA lOO: 19ð9

lS 2869: Part 2 : 1988

¡S 2869:1998
SO 8217:1987
SO 82'17:'1996

41,0218 MJ/kg

17636,2 Btu¡b

43,4128 MJ/kg

'18664,1 Btu/lb

ilìt K zzl9
ias O¡1, A. B

4U,/5/4 MJ/Kg

17522,5 BtuIb

43,1524 MJR9

'15552,2 Blu[b

[Ð 
^ 

zzr:
=uel Oil C

{ I,U¿ tO tuJrÁg

17636,2 BtuÍb

43,4128 MJ/kg

'18664,2 BtuIb

-uot. tlo
JS NBS

17499,6 BtuIb

43,22ö2 MJtRg

18503,9 Btu¿b



Burmeister & Wain Scandinavian Contractor A/S

PROJECT:

DATE:

SUBJECT:

Barbados

2013.05.28

MEASURING SHEET

M¿/,*,;#'//4.
BWSG:

90065 1 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANGE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME: 14:20

12 13

5

Unit Gross Electrical Power (Punit)

TIME: MIN SEC READING

START 238 12 103.160.0 kwh

END 288 43 125.780,0 k\^/h

]IFF. 50.52 22.620,C kwh

(W 26.866,381

FUEL OrL CONSUMPTTON (Q)

TIME: MIN SEC READING

START 245 58 1.146.900.0

END 296 10 1.160.200,0

DIFF. 50.20 13.300,0

h r 5.896,41

FO DRA|N (Qd)

TIME: MIN SEC READING

START 242 52 9.644.300.0

=ND
292 48 9.652.700,00

f IFF. 49.93 8.400,00

lh 10.093,46

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

Ambient Air lntake temoerature oC 36 36 36,00

Humiditu %RH 46 46 46.00

T Coolant inlet temperature oC 38,7 38.9 38,8C

Ambient oressure. mBar 1008 1111 1059,5C

Fuel Oiltemperature at FO Flowmeter oC 120,7 121 120.85

Generator Power factor p 0,938 0,9385 0,94

Generator Voltaqe KV 11.1 11.1 11.1C

Gen.Coolino Air Temo inlet oC

Gen.Coolino Air Temo outlet oC

Gen. \Â/indino Temo Phase U oC

Gen. Windinq Temp Phase V oC

Gen. Wndinq Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUTATION SHEET

BWSC:
90065 1 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 5

LOAD: 27MW

DATE: 12-apr-13

TIME: 14:.20

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

1 Jnit Generator Terminal Power
P un¡t KW 26866.38

t4t Humidity h
%RH 38,80

t21 Fuel Oil Consumption o t/h 15896,41

l,2Al Fuel oildrain Qo, t/h 10093,46

t3t Ambient Air lntake Temperature 27 tam¡
oc 36,00

f5t LT Cooling Water Temperature 27 t oc 46,00

f6l Ambient Pressure 1 000 0.-n mBar 1059.50

17l Fuel Oil Temperature at Flowmeter tn," 120,85

t81 Fuel Oil specicific gravity at 15 "C Prs ks/ 0,97

t9l Fuel Oil specicific gravity Correction at t¡"¡ Paa kg/ 0,89

f 10 t Specific Fuel Oil Consumption - uncorrected VCF kJ/kwt 192,75

l11l Fuel Net. Heat Value 41 000 HN kJ/kg 41020,00

l12l SFOC corrected to LCV sFocLc\ (J/kWl 't92,84

'14 1 Site Ambient Correction Factor Ac % 0,99

t15l SFOC corrected to MCR ("consumption ref. condition") sFoccor ¡/kWh 1 95,1 9

Date/Signature - BWSC Date/Signature - CLI ENT



Calculat¡on ol specific energy for fuel o¡l
Comparison between difi. standard calculations

G¡ven:

Density at 15"C, g/ml:

Proportion by mass of wâler, % (m/m):

Proporlion by mass of ash, % (m/m):

Proportion by mass of sulphur, % (rnim):

DNVPS anatyse dâted 13-01-05 @rrnn

Standard:
Net specltrc energy,

ônô
Gross specûc energy,

ôov

,s MA lUU : tgöZ

\STM D 486S90
Reaoor.1995)

4U, /þ/3 MJ/Kg

9734,722kcal/k;g
17522,5 Btu¡b

43,1524 MJ/ks

18552,2 Btunb

,5 MA lUU: t9ö9
tS2869:Part2:1988
lS 2869:'1998

SO 8217:1987

SO 8217:1996

41,0218 MJ/kg

17636,2 Btu/lb

43,4128 MJI(g

18664,1 Btu/lb

[s K 2279
ias Oil, A, B

40,7574 MJ/kg

17522,5 Blullb

43,1524 MJ/kg

18552,2 Btu/lb

[s K 2279
ru6l Oil C

41,0218 MJikg

17636,2 Btunb

43,4'128 MJ/kg

18664,2 Btuilb

,uDt. No. 9t
,S NBS

4U,/U4U MJ/Kg

'17499,6 Btulb

43,2262 MJ/kg

'18583,9 Btuilb



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.0s.28

SUBJECT: MEASURING SHEET

4ü¿4*a'/#/2 a-'

BWSC:
90065 1 0

PROJ OOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

15-apr-13

11:001

Unit Gross Electrical Power lPunitì

TIME: MIN SEC READING

START 0 0 00 kwh

END 61 56 27.940.0 kwh

DIFF. 61.93 27.940.0 kwh

KW 27.067,815

FUEL OIL CONSUMPTION IOI

TIME: MIN SEC READING

START 6 28 1.594.700,0 I

END 68 34 1.610.800,0 I

DIFF. 62.10 16.100,0

th 15.555,56

FO DRATN (Qd)

IIME: MIN SEC READING

START 3 37 9.965.100,0 I

END 65 44 9.975.200,00 I

DIFF. 62.12 10.100,00 I

th 9.755,84

Readings Read. #1 Read. #2 Read. #3 Averaqe

\mbient Air lntake temperature oC 34,7 35 34,8t

Humidity %RH 50 50 50,0c

LT Coolant inlet temperature "C 38.3 38,6 38,4€

Ambient pressure. mBar 1011 1011 101 1,0C

FuelOiltemperature at FO Flowmeter oC 121 121 121.0C

Generator Power factor o 0,9375 0,93 094

Generator Voltaqe KV 11 1 11.1 11.2 11.13

Sen.Coolinq Air Temp inlet oC

Sen.Coolinq Air Temp outlet "C

Gen. Wndinq Temp Phase U oC

Gen. Windinq Temp Phase V oC

Gen. Wndinq Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLIENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL GONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ. DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 1

LOAD: 27 MW

DATE: 15-apr-13

TIME: 11:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

1 Jnit Generator Terminal Power
P un¡t (W 27067.81

t4t lumiditv h
ToRH 38,45

t21 =uelOil Consumption o th 15555,56

l2Al :uel oil drain Q¿,. l11 9755,84

t31 {mbient Air lntake Temperature 27 tam¡ 34,85

t5l T Cooling Water Temperature 27 t oc 50,00

t6ì \mbient Pressure 1 000 0,-^ mBar 101 I ,00

1.7 1
:uel Oil Temperature at Flowmeter tt" oc 121,00

f8l =uel Oil specicific gravity at 15 'C Prs ks/ 0,97

tsl :uel Oil specicific gravig Correction at t¡"¡ Pac kg/ 0,89

t 101 Specific Fuel Oil Consumption - uncorrected VCF kJ/kwt 191,19

t11 l =uel Net. Heat Value 41 000 HN kJ/kg 41020,00

I't21 SFOC corrected to LCV sFocLc\ kJ/kwt 191,28

l14l Site Ambient Correction Factor Ac o/o 0,98

t15l SFOC corrected to MCR ("consumption ref. condition") sFoccor y'kwh 194,22

Date/Signature - BWSC Date/Signature - CLI ENT



Calculat¡on of sp€cific energy for fuel oil
Comparison between diff. standard calcillations

Given:

Dens¡ty at 15"C, g/ml:

Proportion by mass of water, % (m/m):

Proportion by mass of ash, % (nì/m):

Proportion by mâss of sulphur, % (rn/m):

DNVPS anatyse dated 13-01-os @*rnn

Stândard:
Nef sPecmc energy,

Onn
Gfoss spect¡c energy,

ôov

lS MA 100: 1982

\sTM D 4868-90
Reaoor.'1995)

40,7573 MJ/kg

9734,722 kcavkg
17522,5 Btu[b

43,1524 MJ/kg

18552,2 Btufb

JS MA 1UU: 19ö9

,S2869:Part2:1988
lS 2869:1 998
SO 82 1 7:1 987

SO 82'17:'1996

41,0218 MJ/kg

17636,2 Btu/lb

43,412S MJ/kg

18664.1 Btu/lb

ils K 2279
ias Oil, A, B

40,7574 MJ/kg

17522,5 Btu/lb

43,1524 MJ/!.rlg

18552,2 Btu/lb

ils K 2279
:uel O¡l C

41,0218 MJ/kg

17636,2 Btu/lb

43,4128 MJ/kg

18664,2 Btu/lb

,uDt. No.9/
JS NBS

40,7040 MJ/kg

17499,6 Btu¡b

43,2262 MJR9

'18583,9 Btu/lb



Burmeister & Wain Scandinavian Contractor A/S BWSG:
10

DOC No SHEET REV

PAGE 1 OF 1

PROJECT:

DATE:

SUBJECT:

Barbados

20r3.05.28

MEASURING SHEET

90065
PROJ.

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

15-apr-13

1 1:002

Unit Gross Electrical Power (Punit)

TIME: MIN SEC READING

START 15 28 6.977,0 kwh

END 98 30 44.447.O kwh

DIFF. 83.03 37.470.C kwh

KW 27.075,873

FUEL OIL CONSUMPTION (Q)

TIME: MIN SEC READING

START 25 45 1.599.700.0 I

=ND
100 59 1.619.200,0 I

)IFF. 75.23 19.500.0 I

th 15.551,62

FO DRATN (Qd)

TIME: MIN SEC READING

START 22 27 9.968.150,0

END 94 59 9.979.950,00

DIFF. 72,53 11.800,00

th 9.761,03

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

\mbient Air lntake temoerature oC 34.7 35 34,85

lumiditv %RH 52 52 52.0C

T Coolant inlet temperature oC 38.3 38,6 38,45

Ambient oressure. mBar 1011 101 1 1011.0c

=uelOiltemperature at FO Flowmeter oC '121 121 121.0C

Senerator Power factor 0 0.9375 0,93 0,93

3enerator Voltaoe 1(\/ 1'l 1 11 1 112 11.12

Sen.Coolino Air Temo inlet oC

3en.Coolino Air Temo outlet "C

3en. V1/indino Temo Phase U oC

3en. Windinq Temp Phase V oC

3en. Windinq Temp Phase W "C

DateiSignature - BWSC Date/Signature _ CLIENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCUI-ATION SHEET

BWSC:
90065 1 0
PROJ DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 2

LOAD: 27 MW

DATE: 15-apr-13

TIME: l1:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

t1r Unit Generator Terminal Power
P un¡t KW 27075,87

|'41 Humiditv h
'/oRH 38,45

t21 Fuel Oil Consumotion o th 15551.62

t2A l Fueloil drain Qo' th 9761,03

f31 Ambient Air lntake Temperature 27 tam¡
oc 34,85

t51 LT Cooling Water Temperature 27 t oc 52,00

t6ì Ambient Pressure 1 000 o.-^ mBar 101 1 .00

17l Fuel OilTemperature at Flowmeter tn 
"l

'c '121,00

t8I Fuel Oil speciciflc gravity at 15 "C Prs (g/l 0,97

tel Fuel Oil specicific gravity Correction at gr"¡ Pact (g/l 0,89

101 Soecific Fuel Oil Consumotion - uncorrected VCF (J/kwf 190.83

t11I .uel Net. Heat Value 41 000 HN <J/kg 41020,00

l12l SFOC corrected to LCV sFocLc\ d/kw' 190,92

l.141 Site Ambient Correction Factor Ac Yo 0,98

t15l SFOC corrected to MCR ("consumption ref. condition") sFoc-, ¡/kWh 194,09

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of specific energy for fuel o¡l
Comparison between diff. standard elrulat¡ons

Given:

Density at l5'C, g/ml:

Proportion by mass of water, % (m/m):

Proportion by mass of ash, % (rì/m):

Proportion by mass of sulphur, % (Íì/m):

oNvps anatyse dated 't3-oi-05 @r,ur,e

Standard:
Net specific energy,

CJnn

Gross specif¡c energy,
Oov

ÌS MA 100: 1982

\sTM D 4868-90
Reaoor.1995)

40,7573 MJ/kg

9734,722 kcallkg
17522,5 Blu/t.b

43,1524 MJ/kg

18552.2 Bturb

,ti MA lUU : 19U9

lS 2869: Pårt 2 : 1988

¡S 2869:1 99s
SO 8217:1987

SO 8217:1996

41,0218 MJ/kg

'17636,2 Btu¡b

43,4128 MJ/kg

18664.1 Btuilb

ts K2279
;as Oil, A, B

4U, /5r 4 MJ/Kg

17522,5 Blullb

43,1524 MJ/X9

18552.2 Btu¡b

ts K 2279
iuel Oil C

41,0218 MJ/kg

17636,2 Btu/b

4J,4tZð MJ/Kg

18664.2 Btu¡b

,ubl. No.97
,S NBS

40,7040 MJ/kg

17499,6 Btu¡b

43,¿20¿ MJtKg

18583.9 Blu¡b



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

Ø#¿/ø,¿-./#rz e.

1

DOC No SHEET

PAGE 1 OF 1

90065
PROJ.

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

15-apr-13

14:004

Unit Gross Electrical Power (Punit)

TIME: MIN SEC READING

START 190 54 86.079,0 kwh

END 245 56 1 10.700.0 kwh

DIFF. 5s,03 24.621.0 kwh

KW 26.843,004

FUEL O¡L .;UNT'UMI' reN (q,

TIME: MIN SEC READING

START 183 55 1.640.700,0

=ND
238 5 1.654.700,0

)IFF. 54.17 14.000,0

h 15.507,69

FO DRAIN (Q")

TIME: MIN SEC READING

START 186 30 9.994.830,0

END 241 0 10.003.700,00

DIFF. 54,50 8.870.00
th 9.765,14

Readinqs Read. #1 Read. #2 Read. #3 Averaoe

\mbient Air lntake temperature oC 36.3 36,3 36,3C

lumiditv %RH 52 52 52,0C

T Coolant inlet temperature oC 39.5 395 39,5C

\mbient oressure. mBar 1011 1011 101 1,0C

:uel Oiltemoerature at FO Flowmeter oC 121 121 121,0C

Senerator Power factor o 0.9375 093 094

3enerator Voltaqe t(/ 11,1 11,1 112 111

Sen.Coolinq Air Temo inlet oC

Gen.Coolinq Air Temo outlet oC

Gen. Windinq Temo Phase U oC

Gen. \Mndinq Temo Phase V oC

Gen. \Mnding Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLIENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCULATION SHEET

BWSG:
90065 1 0
PROJ. DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 4

LOAD: 27 MW

DATE: 15-apr-13

TIME: 14:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

t1t Unit Generator Terminal Power
ElI unit (W 26843,00

t41 Humiditv
h

']/oRH 39,50

t2t Fuel Oil Consumotion c th 15507,69

t2A l Fueloil drain Q¿' th 9765,14

t31 Ambient Air lntake Temperature 27 ramb 36,30

t51 LT Cooling Water Temperature 27 t oc 52,00

t6t Ambient Pressure 1 000 o.-* mBar 101 1.00

171 Fuel OilTemperature at Flowmeter Ltuel 121,00

t8l Fuel Oil specicific gravity at 15 "C Prs kg/ 0,97

tel Fuel Oil specicific gravity Correction at t¡u"' P""t kg/l 0,89

r l0l Soecific Fuel Oil Consumption - uncorrected VCF kJ/kwt 190,89

t11l Fuel Net. Heat Value 41 000 HN kJ/kg 41020,00

l12l SFOC corrected to LCV sFocLc\ KJ/KWl 190,98

141 Site Ambient Correction Factor Ac o/o 0,98

t15l SFOC corrected to MCR ("consumption ref. condition") sFoc"on g/kWtr 194,21

Date/Signature - BWSC Date/Signature - CLIENT



Calculat¡on of specific energy for fuel oil
Comparison between diff. standard câlculations

Given:

Density ât l5'C, g/ml:

Proportion by mass of water, % (m/m):

Proportion by mass of ash, 0/6 (Íì/m):

Proportion by mass of sulphur, % (Íì/m):

DNVPS analyse dated '13-01-os @l*rnn

Standard:
Nel specmc energy,

ônô
Gross spec¡fic energy,

aJdv

J5 MA 1U0 : ',t962

\sTM D 4868-90
Reaoor. I 995ì

40,7573 MJ/kg

9734,722 kæWg
17522,5 Blullh

43,1524 MJikg

18552,2 Btu/lb

tù MA tuu: tYÖY

1S2869:Pârt2:1988
lS 2869:'1998

SO 8217:1987
SO 82'17:'1996

41,0218 MJ/kg

'17636,2 Btu/lb

43,4128 MJ/kg

18664.1 Btu¡b

[s K zzl9
ìas Oil. A. B

40,7574 MJ/kg

't7522,5 BtuIb

43,1524 MJ/kg

18552.2 Btu¡b

[s K zzl9
ruel O¡l C

41,02't8 MJ/kg

17636,2 Btu/lb

4J,4rZö MJ/Kg

186ô4.2 Btu¡b

'uot, No

JS NBS

4U, /U4U MJ/Kg

17499,6 Btu/lb

43,2262 MJ/kg

18583,9 Bturb



%¿1p,¿J#/2¿.
Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.28

SUBJECT: MEASURING SHEET

90065 1

PROJ DOC No SHEET

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

15-apr-13

16:005

Unit Gross Electrical Power (Punit)

ïlME: MIN SEC READING

START 0 0 00 kwh

=ND
108 56 47.551.O kwh

f IFF. 108,93 47.551.0 kwh

(W 26.190,881

FUEL OIL ^¡îltêt tttt¡'l '¡¡ìl¡

TIME: MIN SEC READING

START 10 11 1.674.650,0

END '117 7 1.702.340,0

DIFF. 106,93 27.690.0

tn 15.536.78

FO DRA|N (Qd)

ïlME: MIN SEC READING

START 6 28 14.900,0

=ND
113 56 32.700,00

]IFF. 107.47 17.800,00
th 9.937,97

Readinss Read. #1 Read. #2 Read. #3 Averaqe

\mbient Air lntake temoerature oC 36,3 36,3 36,3C

lumiditv %RH 52 52 52,0C

T Coolant inlet temperature oC 39,5 39,5 39,5C

\mbient oressure. mBar 1011 1011 101 1,0C

=uelOiltemperature at FO Flowmeter oC 121 121 121 0C

Generator Power factor P 0.9375 0.93 0,94

3eneratorVoltaqe t(\/ 11,1 11,1 11.2 11 1i

Sen.Coolino Air Temo inlet oC

3en.Coolino Air Temo outlet oC

Sen. \Mndino Temo Phase U oC

3en. \Mndino Temo Phase V oC

Sen. \Mndinq Temp Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCULATION SHEET

BWSC:
90065 1 0
PROJ DOC. No SHEET REV

PAGE 1 OF .I

PERFORMANCE
TEST SHEET

UNIT: 14

MEAS: 5

LOAD: 27 MW

DATE: l5-apr-13

TIME: 16:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

t1l Unit Generator Terminal Power
P un¡t (W 26190.88

t41 Humiditv
n /oRH 39,50

t21 Fuel OilConsumotion o th 15536,78

t2A I Fuel oildrain Q¿, th 9937,97

t31 Ambient Air lntake Temperature 27 tam¡
,c 36,30

f5l LT Cooling Water Temperature 27 rc 'c 52,00

t6t Ambient Pressure 1 000 0"-n mBar 101 1 ,00

17l Fuel OilTemperature at Flowmeter ttuel
oc 121,00

t81 FuelOilspecicific gravity at 15 "C Prs kg/l 0,97

t9t Fuel Oil specicific aravity Correction at !u"¡ P""t kg/l 0,89

10t Soecific FuelOil Consumotion - uncorrected VCF kJ/kwf 190,74

[11] Fuel Net. Heat Value 41 000 HN kJ/kg 41020,00

l12l SFOC corrected to LCV sFocLc\ kJ/kwt 190,84

t 141 Site Ambient Correction Factor A" o/o 0,98

trs l SFOC corrected to MCR ("consumption ref. condition") sFocco,r g/kWh 194,06

Date/Signature - BWSC Date/Signature - CLI ENT



Calculation of specific energy for fue! oil
Comparison between diff stândard calculations

Given:

oensity at l5'C, g/ml:

Prcport¡on by mass of water, % (m/m):

Proportion by mass of ash, % (m/m):

Proport¡on by mass of sulphur, % (Íì/m):

DNVPS analyse dated 13-ol-05 @r,.rns

Stândard:
Nel specnc energy,

l)nn
Gross spec¡fic energy,

Odv

JS MA 1UU : 'I9BZ

\sTM D 4868-90
Reeoor.'19951

40,7573 MJ/kg

9734,722 kcaykg
17522,5 Blu[b

43,1524 MJ/kg

18552,2 Blu/lb

Itt MA',tou : 19u9

1S2869:Pârt2:1988
lS 2869:1998
SO 8217:1987

SO 82'17:'1996

4'1,0218 MJr(g

'1763ô,2 Blu/lb

43,4128 MJ/kg

18664.1 BtuIb

ils K zzlY
¡as Oil, A, B

40,7574 MJ/kg

'17522,5 Blu/,b

43,1524 MJ/kg

'19552,2 Btullb

15 K22t9
:uel Oil C

41,0218 MJ/kg

17636,2 Btu/tb

43,4128 MJ/kg

18664.2 Btu¡b

'ubl. No.9/
JS NBS

40,7UO MJ/kg

17499,6 Btu/lb

43,2262 MJlr'g

18583,9 Btu/lb



Burmeister & Wain Scandinavian Contractor A/S

%¿áo"ar/# /2 e.

I
DOC No SHEET

PAGE,I OF 1

PROJECT:

DATE:

SUBJECT:

Barbados

2013.05.28

MEASURING SHEET

90065
PROJ.

PERFORMANCE
TEST SHEET

UNIT:

MEAS. No.:

Load:

DATE:

TIME:

15-apr-13

16:006

Unit Gross Electrical Power (Punit)

flME: MIN SEC READING

START 16 27 7.547.0 kwh

END 108 56 47.511,0 kwh

DIFF. 92,48 39.964,0 kwh

KW 25.927,266

FUEL OIL CONSUMPTION

TIME: MIN SEC READING

START 24 15 1.678.300,0

END 104 21 1.699.040,0

DIFF. 80,1 0 20.740,0

t/h 15.535,58

FO DRA|N (Qd)

TIME: MIN SEC READING

START 20 37 17.200.0

END 101 23 30.650,00

DIFF. 80.77 13.450,00

th 9.991,75

Readinqs Read. #1 Read. #2 Read. #3 Averaqe

Ambient Air lntake temperature oC 36,3 36,3 36,3C

Humiditv %RH 52 52 52.0C

T Coolant inlet temperature oC 39,5 39,5 39,5C

Ambient oressure. mBar 1011 1011 101 1,0C

FuelOiltemperature at FO Flowmeter oC 121 121 121,0C

Generator Power factor O 0,9375 0,93 094

Generator Voltaqe l(/ 111 111 11.2 11,13

Gen.Coolinq Air Temo inlet oC

Gen.Coolinq Air Temp outlet oC

Gen. Windino Temo Phase U oC

Gen. Windino Temo Phase V oC

Gen. Windino Temo Phase W oC

Date/Signature - BWSC Date/Signature _ CLI ENT



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: FUEL CONSUMPTION CALCULATION SHEET

BWSG:
90065 1 0
PROJ. DOC No SHEET REV

PAGE 1 OF 1

PERFORMANCE
TEST SHEET

UNIT: '14

MEAS: 6

LOAD: 27 MW

DATE: 15-apr-13

TIME: 16:00

DNVPS analyse No. , Seal

Ref. Item: Ref Abb. Unit Value

1 Unit Generator Terminal Power unt (W 25927,27

t4t Humiditv 1
'/oRH 39.50

t2l FuelOil Consumotion I th 15535.58

t 2At Fuel oil drain lo' th 9991,75

t31 Ambient Air lntake Temperature 27 ramb 'c 36,30

lsI LT Cooling Water Temperature 27 t" 52,00

f6t Ambient Pressure I 000 o"-* nBar 101 1 .00

t71 Fuel Oil Temperature at Flowmeter tn 
"t

'c 121,00

t8t Fuel Oil specicific gravity at 15 'C 9rs (g/l 0,97

teI Fuel Oil specicific gravity Correction at Ç,"¡ Pact (g/l 0,89

101 Specific FuelOil Consumotion - uncorrected VCF t lll¿l[rll' 190.79

111 Êuel Net. Heat Value 41000 HN <J/kg 41020,00

I't21 SFOC corrected to LCV sFocLc\ d/kw 190,88

1141 Site Ambient Correction Factor A" ,/o 0,98

t 15l SFOC corrected to MCR ("consumption ref. condition") sFoc*, g/kWh 194,11

Date/Signature - BWSC Date/Signature - CLIENT



Calculation of spec¡f¡c energy for fuel oil
Comparison betwêen diff standard ælulations

G¡ven:

Dens¡ty at '15'C, gr'ml:

Proportion by mass of water, % (m/m):

Proportion by mass of ash, 0/6 (ÍVm):

Proportion by mass of sulphur, % (nìlm):

DNVPSanalysedated't3-01-os @*rnn

Standard:
Net spec¡Íc energy,

ônn
Gross specmc energy,

Oov

ts MA't00: 1962

\sTM D 4868-90
Reeoor- '19951

{u, fcr ó MJ/Kg

9734,722 kcavkg
'17522.5 Btunb

cJ, t0¿{ MJtKg

18552,2 Btu/lb

Jti MA100 : 19Eg

lS 2869: Part 2 : '1988

lS 2869:1998
SO 8217:1987
SO 8217:1996

41,0218 MJ/kg

'17636,2 Btu/lb

43,4128 MJ/flg

'18664,1 Btu/lb

,tù 
^ 

¿¿, Y

3as Oil. A. B
4U,rCl+ MJrñg

'17522,5 Btu/lb

{J¡ tc¿t MJ/Ág

18552,2 Btunb

nÞ 
^ 

¿zti
:uel Oil C

c r,u¿ to MJ/ñg

17636,2 Btu¿b

+o,+ t¿o rytJ/Ág

18664,2 Btu/lb

-uot. tr9. vt
JS NBS

cu, twu vu/tg

'17499.6 Btu/lb

có,¿¿oz MJttg

18583.9 BtuÍb



Burmeister & Wain Scandinavian Contractor A/S

PROJECT: Barbados

DATE: 2013.05.30

SUBJECT: Summary

LOAD 27 IMW

Measurement after Oil Ghange 2

fate Measurement No. Result lo/kwhl

Average Measurement 2

Differens Between Preliminary Measurement and Measurement I

Differens Between Preliminary Measurement and Measurement 2

Differens Between Preliminary Measurement and Measurement 3

/q*/^a4q^¿J # t s

90065 1 0
PROJ DOC No SHEET REV

PAGE 1 OF I

PERFORMANCE

TEST SHEET

0,86

#VALUE!

#VALUE!

Preliminary Measurements

Date Measurement No. Result fq/kwht
10-0+2013 4 195,14

10-04-20'13 5 '194,73

1 0-04-201 3 6 194.56

10-0+2013 I 195.47

10-04-2013 9 194,52

't2-04-2013 3 195,18

12-04-2013 4 195,22

12-04-2013 5 195,19

Avercge Preliminary 195,00

Measurement after Oil Change I

Date Measurement No. Result [q/kwhl
15-04-2014 1 194,22

15-04-20',1i 2 194,09

15-0+20'13 4 194 21

15-04-2013 5 194,06

15-0+201? b 194,11

\verage Measurement 1 194,14

Measurement after Oil Change 3

)ate Measurement No. Result fo/kwhl
1

2

3

4

5

6

Average Measurement 3

Date/Signature - BWSC Date/Signature _ CLIENT
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