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Executive Summary

Background

Marine vessels emissions have been increasing over the past decades and become the top emitter
of sulphur dioxide (SO,), respirable suspended particulates (RSP) and nitrogen oxides (NOXx)
emissions in Hong Kong. The Hong Kong SAR Government has studied ways to reduce the
marine emissions. One approach is to improve the quality of locally supplied marine diesel to
reduce emissions from local and river vessels. The Environmental Protection Department (EPD)
of the HKSAR Government proposed to reduce the sulphur limit of marine light diesel from
0.5% to 0.05%, which would result in a corresponding reduction of SO, and RSP emissions of
individual vessel by about 90% and 30% respectively. A Working Group (WG) was formed in
May 2012 with members from government officials of various departments, local vessel
operators’ representatives and experts in academia. The 1% and 2" WG meetings agreed to
conduct engine test on two commonly in-use marine engines using the high sulphur diesel (HSD,
maximum 0.5% sulphur content by mass) and low sulphur diesel (LSD, maximum 0.05%
sulphur content by mass) fuel in order to confirm the compatibility and performance of the LSD
In existing vessel engines.

The Department of Mechanical Engineering at the University of Hong Kong was commissioned
by the EPD in July 2012 to conduct a study on “Marine Engine Tests on Laboratory Setting” as a
means to address the concerns of the WG members. The study employed tailor-made
laboratory setup for evaluating the performance of two marine type diesel engines under
different simulated working conditions. Methodologies of the test had been presented and
endorsed in the 2"¥ WG meeting on 5 June 2012. An interim report summarising the
preliminary results obtained from testing the Gardner 6LXB engine was issued to EPD in
January 2013. This Executive Summary of the final report summarizes all the results obtained
from testing the two selected in-use marine type diesel engines i.e. Gardner 6LXB and Cummins
NTA855(M).

Objectives and Scope of Works

(1) To conduct tests for LSD for assessing the following for the two in-use marine engines

under controlled laboratory environment:

(@ the performance in terms of maximum engine power output and fuel consumption at
various load conditions; and

(b) the durability in terms of fuel lubricity and engine compatibility, which are based on
measured fuel lubricity, microscopic examination of fuel injectors and pump, and analysis
of used engine oil.

(2) To conduct the same tests for HSD as base case for comparison with LSD.



Results

A. Gardner Engine

(1) Diesel Fuel Analysis

HSD and Euro V diesel (EVD, maximum 10 parts per million sulphur content by mass) were
provided by the fuel supplier of the government. LSD for testing was produced by blending
one part of HSD with 10 parts of EVD by volume. Certificates of Quality (CoQ) for HSD and
EVD provided by the fuel supplier and tested by an independent laboratory confirmed diesel
compliance to specifications. In particular, the net calorific value (NCV, kJ/L) of the LSD was
lower than the HSD by 1.6% and 2.2% respectively for the two analysed samples obtained
during the HSD and LSD Performance Tests.

(2) Performance Test

(@) Maximum engine power

The maximum output power between the LSD and HSD fuels under the following four cases:
before the HSD durability (baseline 1), after the HSD durability, before the LSD durability
(baseline 2), and after the LSD durability can be found in the table below:

Max. power output Base- After 200-hr  Base- After 200-hr  Overall
line 1 of HSD line 2 of LSD average
Durability Durability
HSD (kW) 106.2 116.3 115.3 117.7 113.9
LSD (kW) 104.9 115.0 109.5 117.8 111.8
% change LSD Vs HSD  -1.3% -1.1% -5.0% +0.1% -1.8%

As can be seen from the above table, the percentage change in maximum power varies from
+0.1% to -5% with an overall average -1.8%. This drop in maximum power matched with the
decrease in NCV for the LSD Vs HSD (1.9%).

(b) Specific fuel consumption

Specific fuel consumptions (SFC) at various engine loadings were determined. Sixth different
engine loading conditions were tested, respectively 100% (i.e. 89 kW), 85%, 75%, 50%, 25%
loading and a load cycle from 83% to 87%. The comparison of SFC between LSD and HSD
under different loading conditions is shown in the table below for the following three stages:
Baseline, after 200-hr Durability Test without engine oil replacement, and after 200-hr Durability
Test with engine oil replacement.



Before and after the HSD Baseline  After After 200-hr & Average

Durability Test: (%) 200-hr engine oil

Engine loading condition replacement

100% LSD Vs HSD -1.3% +0.7% +1.4% -0.1%
85% LSD Vs HSD +0.1% +0.6% +0.9% +0.4%
75% LSD Vs HSD +1.2% +0.6% +1.1% +1.0%
50% LSD Vs HSD -0.3% +1.9% +1.2% +0.6%
25% LSD Vs HSD -1.0% +2.0% +1.2% +0.3%
Load Cycle (83% to 87% load) +0.9% +1.0% +1.3% +1.0%
LSD Vs HSD

Overall average: +0.5%

Before and after the LSD Baseline  After After 200-hr & Average
Durability Test: ") 200-hr  engine oil

Engine loading condition replacement

100% LSD Vs HSD +1.1% +2.6% +2.9% +1.9%
85% LSD Vs HSD +1.2% +2.7% +2.6% +1.9%
75% LSD Vs HSD +1.1% +2.6% +2.5% +1.8%
50% LSD Vs HSD +1.1% +1.9% +2.0% +1.5%
25% LSD Vs HSD +0.6% +1.3% +1.6% +1.0%
Load Cycle (83% to 87% load) +0.8% +2.7% +3.0% +1.8%
LSD Vs HSD

Overall average: +1.7%

Before (1% baseline) and after the HSD Durability Test, the average SFC for LSD varied from
-0.1% to +1.0% with an overall average of +0.5% for all the loading conditions. Similarly,
before (2" baseline) and after the LSD Durability Test, the SFC for LSD varied from +1.0% to
+1.9% with an overall average of +1.7% for all the loading conditions. Thus, there is a slight
increase in the % increase of SFC for the LSD durability test, which is consistent with the larger
reduction in NCV (2.2% compared t01.6%).

(3) Durability Test

(a) Basic operational data

Durability Test was conducted first for HSD then LSD, both maintained for running 200 hours
and at 68 kW constant power output, with 33.5 and 23.0 litre engine oil re-filled to replenish
consumption. The large difference of 10.5 litres in engine oil consumption between HSD and
LSD may be due to the following reasons:
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(i) Larger amount of engine oil leakage and poorer control of engine oil addition at the
beginning of the HSD Durability Test;

(i)  Engine run-in effect that consume more HSD;

(iii) Inherent feature of using LSD. Some researchers found that LSD would produce less
sulphur dioxide than HSD during the combustion, which would be transformed to
sulphuric acid. This would lead to less severe pitting and improved cylinder surface finish,
hence lower engine oil consumption.

(b) Fuel injector test

Fuel injectors opening pressures were tested before and after the trial for each of the test fuels
and fuel atomization patterns observed to ensure proper fuel delivery before and after the HSD
and LSD Durability Test. The results obtained indicated that the opening pressures of all the
injectors complied with the limit stipulated in the Gardner’s operation and maintenance
instruction manual demonstrating that the fuel deliveries are normal during the two durability
tests. Atomization patterns of injector spray for all the six injectors were also found
satisfactory for both HSD and LSD.

(c) Fuel injection pump test

Fuel injection pump was tested before and after the HSD and LSD Durability Tests. The test on
maximum fuel setting and fuel delivery quantities of injection pump per 200 strokes @600 rpm
were measured by standard test equipment, and was manually observed and recorded. All the
results were found to fall within £ 0.2 c.c., within the sensitivity range of the combined test
equipment uncertainty and human error.

Both fuel injector and pump test results are consistent with the observation of injector nozzles,
hollow piston valves, pump plungers and delivery valves by SEM and LPEM, and the measured
results of fuel lubricity being well below 460 um.

(d) Engine Oil Analysis
Engine oil samples were taken at 0, 100 and 200 hours of the HSD and LSD Durability Tests for
chemical analyses and the results are shown below for the HSD and LSD Durability Test:

HSD Durability Test: Spec. 0-hr 100-hr ~ 200-hr  Difference
Test Parameter (200hr -0hr)
Viscosity, cSt @ 100°C 14.1 14.0 14.2 14.7 +0.7

Total Base Number (mg KOH/qg) 10.1 9.2 8.0 7.8 -1.4

Wear Elements (ppm): Ag, Mo, Ni, Sn which have less than 4 ppm are not shown
Al 0 3 5 5 +2
Cr 0 7 18 22 +15
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Cu 0 5 9 9 +4

Fe 0 18 19 19 +1

Pb 0 2 4 5 +3

LSD Durability Test: Spec. 0-hr 100-hr ~ 200-hr  Difference
Test Parameter (200hr -0Ohr)
Viscosity, cSt @ 100°C 14.1 14.1 14.3 14.6 +0.5

Total Base Number (mg KOH/g) 10.1 8.8 8.3 8.7 -0.1

Wear Elements (ppm): Ag, Mo, Ni, Sn which have less than 4 ppm are not shown

Al 0 1 3 4 +3
Cr 0 2 13 18 +16
Cu 0 1 3 5 +4
Fe 0 4 11 16 +12
Pb 0 1 2 3 +2

The following are the observations from the engine oil analysis:

(i) Viscosity

There is an increase in viscosity over the 200 hours’ Durability Test and the increase is 5.0% and
3.5% for HSD and LSD respectively. This means that the viscosity increase faster for the HSD
case.

(i) TBN

There is a rather big reduction in TBN over the 200 hours’ test period for the HSD (15%) but
only a minor reduction of 1% for the LSD. A plausible explanation is that additive
replenishment (i.e. topping off the oil) is replacing sufficient additive to offset the amount
consumed by much lower quantity of sulphuric acid generated from the LSD than the HSD
combustion. Nevertheless, both TBN values at 200-hr for HSD and LSD are still within normal
range. According to the engine oil manufacturer, engine oil need to be changed when the TBN
values drops below half of the original values. Thus, the lower TBN depletion rate for LSD
should benefit the engine operation by possible reduction of engine oil changing frequency.
Such benefit would become more since LSD consumes less engine oil.

(iii) Elemental analysis

There is a general increase in metal concentrations in the engine oil over the 200-hr testing due
to engine wear. Incremental metal concentrations due to wear for HSD and LSD were more or
less similar except higher iron for LSD.

(e) Scanning Electronic Microscope (SEM) Examination
To investigate whether there is wear and tear problem caused by fuel flow, all components of
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fuel injectors and pump set of the Gardner engine that may be subject to wear and tear due to
fuel lubricity were purchased new and examined before and after the Durability Tests. These
components include injector nozzles, hollow piston valves, pump plungers and delivery valves.
The SEM photos taken showed that the shapes and sizes of the nozzles remain the same after the
200-hr Durability Tests for both HSD and LSD cases. Some deposits found inside the nozzles
of both HSD and LSD was identified to be mainly carbon and oxygen, which may come from the
unburnt fuel. In general, based on the SEM observations, no abnormal finding and discrepancy
could be identified for both the HSD and LSD cases.

(f) Low Power Electronic Microscope (LPEM) Examination

The surface finishes of the plungers were compared under LPEM for both the HSD and LSD
cases. As can be seen from the photos taken, the surface finishes of the examined component
did not exhibit any significant changes before and after the Durability Test for both HSD and
LSD. The LPEM investigation indicated that there are no significant differences in the tear and
wear characteristics for both the HSD and LSD cases.

B. Cummins Engine

(1) Diesel Fuel Analysis

The two test fuels (HSD and LSD) examined by the independent laboratory matched with the
CoQ provided by the fuel supplier. The test results indicate that the percentage difference in
NCV between LSD and HSD are -1.5% and -2.2% for the two batches of samples with an
average of -1.8%.

(2)  Performance Test

(@ Maximum engine power

The variation in maximum engine output power between the LSD and HSD fuels are shown in
the table below:

Max. power output Base- After 200-hr  Base- After 200-hr ~ Owverall
line 1 of HSD line 2 of LSD average
Durability Durability
HSD (kW) 300.7 301.2 290.2 292.6 296.4
LSD (kW) 302.7 303.0 289.9 293.2 297.5
% change LSD VsHSD  +0.7% +0.6% -0.1% +0.2% +0.4%

Despite a small reduction in NCV of the LSD fuel, there is a small percentage increase in
maximum power, which varies from +0.7% to -0.1% with an overall average of +0.4%..

(b)  Specific fuel consumption
Six different engine loading conditions were tested, respectively 100% (i.e. 196 kW), 85%, 75%,
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50%, 25% loading and a load cycle from 83% to 87%. The comparison of SFC between LSD
and HSD under different loading conditions is shown in the table below for the following three
cases: Baseline, after 200-hr Durability Test without engine oil replacement, and after 200-hr
Durability Test with engine oil replacement.

Before and after the Baseline After After 200-hr & Average
HSD Durability Test: (%) 200-hr engine oil

Engine loading condition replacement

100% LSD Vs HSD +1.0% +1.2% +0.8% +1.0%
85% LSD Vs HSD +1.6% +1.5% +1.6% +1.6%
75% LSD Vs HSD +1.6% +1.4% +1.5% +1.5%
50% LSD Vs HSD +1.2% +1.3% +1.3% +1.3%
25% LSD Vs HSD +1.4% +1.3% +1.1% +1.3%
Load Cycle (83-87%) +1.4% +1.5% +1.2% +1.3%
LSD Vs HSD

Overall average: +1.3%

Before and after the Baseline  After After 200-hr & Average
LSD Durability Test: ") 200-hr engine oil

Engine loading condition replacement

100% LSD Vs HSD +1.4 +1.7 +1.7 +1.5
85% LSD Vs HSD +1.2 +2.0 +1.9 +1.6
75% LSD Vs HSD +0.8 +2.1 +1.9 +1.4
50% LSD Vs HSD +1.0 +2.1 +1.9 +15
25% LSD Vs HSD +0.9 +1.6 +1.9 +1.4
Load Cycle (83% to 87% ) +1.2 +1.4 +1.5 +1.3
LSD Vs HSD

Overall average: +1.4%

All the SFC results obtained were normal and fell within the range provided in the engine
manual. Same as the Gardner engine, the variation in SFC with and without engine oil
replacement were very similar in magnitude indicating that the engine oil replacement did not
affect SFC significantly. Before (1% baseline) and after the HSD Durability Test, the SFC for
LSD over HSD varied from +1.0% to +1.6% with an overall average of +1.3% for all the loading
conditions. Before (2" baseline) and after the LSD Durability Test, the SFC for LSD over HSD
varied from +1.3% to +1.6% with an overall average of +1.4% for all the loading conditions.
The slight increase (+1.3% to +1.4%) in SFC for LSD over HSD is consistent with the reduced
NCV (-1.8%, LSD Vs HSD) as mentioned in the Diesel Fuel Analysis.



(3) Durability Test

(@) Basic operational data

Durability Test was conducted first for HSD then LSD, both maintained for running 200 hours
and at 186 kW constant power output. Different from the Gardner engine tested, the Cummins
engine completed both the 200-hr HSD and LSD Durability Tests without the need of
replenishing engine oil.

(b) Fuel injector test

The amount of fuel injection of all the six injectors complied with their operation limit
demonstrating that the fuel deliveries were normal before and after the two Durability Tests.
Atomization patterns for all the six injectors were found satisfactory for both HSD and LSD.

(c) Fuel metering pump check

Fuel injection pump was tested before and after the trial for HSD durability and LSD Durability
Tests. All the results were found to fall within + 3% considered to be within the sensitivity
range of the combined test equipment uncertainty and human error. Thus, there was no
significant difference before and after both the HSD and LSD Durability Tests.

Both fuel injector and pump test results were consistent with the observation of injector nozzles,
metering pump plungers and fuel injector plungers by SEM and LPEM, and measured results of
fuel lubricity being well below 460 um.

(d) Engine Oil Analysis
The results of the engine oil analysis at 0, 100 and 200 hours for HSD and LSD Durability Tests
are shown in the tables below:

Test Parameter Spec. 0-hr 100-hr 200-hr Change
(HSD Durability Test) (200hr -0hr)
Viscosity, cSt @ 100°C 15.5 14.9 14.7 15.3 +0.4

Total Base Number (mg KOH/qg) 10 11.2 10.7 10.4 -0.8

Wear Elements (ppm): Ag, Al, Cr, Ni, Sn which have less than 2 ppm are not shown

Cu 0 1 3 5 +4

Fe 0 3 17 27 +24

Mo 0 35 39 38 +3

Pb 0 0 0 2 +2
Test Parameter Spec. 0-hr 100-hr 200-hr Change

(LSD Durability Test) (200hr -0hr)

Xi



Viscosity, cSt @ 100°C 155 15.0 14.8 15.2 +0.2
Total Base Number (mg KOH/g) 10 11.4 11.5 11.6 +0.2
Wear Elements (ppm): Ag, Al, Cr, Ni, Sn which have less than 2 ppm are not shown

Cu 0 0 1 2 +2
Fe 0 2 12 18 +16
Mo 0 35 38 37 +2
Pb 0 0 0 1 +1

The following are the observations from the engine oil analysis:

(i) Viscosity

There was an increase in viscosity over the 200 hours’ Durability Test and the increase is +2.7%
and +1.3% for HSD and LSD respectively showing that the rate of viscosity increase for LSD
was lower.

(i) TBN

There was a significant reduction in TBN over the 200 hours’ test period for the HSD (7.1%) but
the TBN values for LSD could be maintained (+1.8%). Nevertheless, the TBN values for HSD
were still within normal range. As mentioned above, engine oil need to be changed when the
TBN values drops below half of the original values. Thus, the non-depleted TBN for LSD
would benefit the engine operation by possible reduction of engine oil changing frequency. As
the extent of this reduction would also depend on the viscosity deterioration rate of the engine oil,
it is likely that the benefit for LSD, which has a lower viscosity deterioration rate as shown in (i)
above, should even be greater.

(iii) Elemental analysis

There is a general increase in metal concentrations in the engine oil over the 200-hr testing due
to engine wear. The incremental metal concentrations due to wear for HSD and LSD were
more or less similar except higher iron for HSD.

(e) Scanning Electronic Microscope (SEM) Examination

The SEM photos taken showed that the shapes and sizes of the nozzles remained the same after
the 200-hr durability tests for both HSD and LSD cases. Some deposits were found inside the
nozzles of both HSD and LSD, which was identified to be mainly carbon and oxygen, and most
likely come from the unburnt fuel. In general, based on the SEM observations, no abnormal
finding and discrepancy could be identified for both the HSD and LSD cases.

(F) Low Power Electronic Microscope (LPEM) Examination
The surface finishes of the metering pump plungers and fuel injector plungers were compared for
both the HSD and LSD cases. The LPEM examination showed that the surface finishes of the
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examined component did not exhibit any significant changes before and after the Durability Test
for both HSD and LSD. The LPEM investigation indicated that there are no significant
differences in the wear/tear characteristics for both the HSD and LSD cases.

Conclusions

(@)

(b)

(©)

(d)

(€)

(f)

@)

(h)

The maximum power of the Gardner and Cummins engine can be maintained for LSD with
respect to HSD. There was a very minor drop (from +0.1% to -5%, average -1.8%) for
the Gardner but also a minor increase (-0.1% to +0.7%, average +0.4%) for the Cummins
engines respectively. However, these small variations are insignificant and unnoticeable
during actual operation.

There was a small increase in specific fuel consumption (SFC) under constant load
conditions of an average of +1.1% (from -1.3% to +2.9%) and +1.4% (from +0.8% to
+2.1%) for the Gardner and Cummins engines respectively for LSD wrt HSD, which is in
line with the small net reduction in calorific values of the LSD wrt HSD.

The change in SFC for load variation during operation is also small between the HSD and
LSD, with an average of +1.4% (from +0.8% to +3.0%) for Gardner and +1.3% (from
+1.2% to +1.5%) for Cummins.

Error for maximum power determination and % SFC change was estimated to be +4.4%
and £1.7% respectively, showing high accuracy for the results obtained.

From the Durability Test, there was not much difference of fuel injectors and pump wear
due to fuels between HSD and LSD after the 200 hours’ operation, as indicated from the
fuel injector and pump performance tests, and microscopic examinations (SEM and
LPEM).

There were some changes in engine oil characteristics indicating benefits when the fuel
was switched from HSD to LSD: slower decrease in TBN and slower increase in viscosity.
However, the wear elements in the engine oil did not show significant difference between
HSD and LSD.

There was an indication of lower engine oil consumption for LSD during the Gardner
engine testing, which however, is not obvious during the Cummins engine testing.

The observations from the engine oil consumption and chemical analysis indicate some
advantages of the LSD fuel over HSD, which is in line with the USEPA’s claimed benefits

on LSD.
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Marine Engine Tests on Laboratory Setting

1.

Introduction

1.1 Background

Marine emissions have been increasing over the past decades and become the top emitter
of sulphur dioxide (SO,), respirable suspended particulates (RSP) and nitrogen oxides
(NOx) emissions in Hong Kong. The Hong Kong SAR Government has studied ways to
reduce the marine emissions. One approach is to improve the quality of locally supplied
marine diesel to reduce emissions from ocean-going ships, river and local vessels. The
Environmental Protection Department (EPD) of the HKSAR Government proposed to
reduce the sulphur limit of marine light diesel from 0.5% to 0.05%, which would result in a
corresponding reduction of SO, and RSP emissions of individual vessel by about 90% and
30% respectively. A Working Group (WG) was formed in May 2012 with members from
government officials of various departments, local vessel operators’ representatives and
experts in academia (See Appendix | for its Terms of Reference and Membership). During
the 1% and 2" meetings, the WG members agreed to conduct engine test on two commonly
in-use marine engines using the high sulphur diesel (HSD) (0.5% S max) and low sulphur
diesel (LSD) (0.05% S max) fuel in order to confirm the compatibility of the LSD in

existing vessel engines.

The Department of Mechanical Engineering at The University of Hong Kong was
commissioned by the EPD in July 2012 to conduct a study on “Marine Engine Tests on
Laboratory Setting” as a means to address the request of the WG members. The study
will employ tailor-made laboratory setup for evaluating the performance of two marine
type diesel engines under different simulated working conditions. Methodologies as
described in the following had been presented in the 2" WG meeting on 5 June 2012. In
the 3rd WG meeting on 21 September 2012, members maintained the agreed methodology

of testing durability and accepted to treat engine oil analysis as reference. Two site visits
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were arranged for WG members to get familiarized with the facilities and operations of the
testing laboratory sites for Gardner and Cummins engines on 7 November 2012 and 23

January 2013 respectively.

An interim report’ summarising the preliminary results obtained from testing the Gardner
6LXB engine was issued to EPD in January 2013. This final report includes all the
results obtained from testing of both the Gardner 6LXB in the interim report and Cummins
NTA855(M) engines. Its final version incorporates comment from WG members raised
in the 4™ WG meeting on 14 March 2013, i.e. including measurement ranges in the

Conclusion.

1.2 Objectives
The objectives of the study are summarized as follows:
®  To conduct tests for LSD (not more than 0.05% sulphur content by mass) to assess:
(1) performance in terms of engine power output and fuel consumption for two
in-use marine engines, i.e. Gardner 6LXB and Cummins NTA855(M) under
controlled laboratory environment; and

(2) durability of engines in terms of fuel lubricity and compatibility with engine; and

® To conduct the same tests for HSD, the locally supplied marine light diesel at
nominal maximum sulphur content of 0.5% (5,000 ppm) by mass, as base case for

comparison with LSD.

1.3 Structure of the Report
This report is organized into eight sections followed by eight Appendices including

supplementary information related to the main report and sample log information.



Sections 1 and 2 give the background and scope of works of this project. Sections 3 and
4 explain the methodologies and describe the test rig components and instrumentation.
Whilst many of the early sections apply both for Gardner and Cummins engines, Sections
5 and 6 provide the test results of Gardner and Cummins engine tests respectively.
Section 7 analyses the uncertainties of the experiment and Section 8 concludes the results

and observations of the whole test.



2.

Scope of Works:

The scope of works of the present study includes the followings:

Evaluation of performance characteristics of HSD and LSD fuels on two (2)
in-service marine-type diesel engines

Three (3) identical Performance Tests to be performed at regular interval per test fuel,
namely, Baseline Test (Before Durability), After 200-hr Durability Test which
consists of two tests: before and after engine oil replacement. An AC alternator was
coupled onto the two marine engines for generating electricity. Output power of the
engines can be altered by resistive load banks for determining the maximum power

output under steady state conditions.

Evaluation of fuel economy of HSD and LSD fuels on two (2) in-service marine-type
diesel engines
Fuel flow sensors to be installed onto the fuel line of the engine to determine the

engine fuel consumption rate under various load conditions.

Evaluation of durability study on wear/ tear effects of HSD and LSD fuels on two
in-service marine-type diesel engines

The wear/tear effects of the two engines to be evaluated and compared for HSD and
LSD fuels. The engines would be running at 80 - 90% of the rated engine power for
200 hours.  Microscopic examination of needle valves and nozzles of fuel injectors
and moving parts of fuel pump, together with analysis of engine oil and major fuel

composition would be conducted before and after the test intervals.

More details of the above scope of works can be found in Section 3 Methodology.



Methodology

3.1 TestRig

®  Two type of engines (i.e. Gardner and Cummins) were chosen by the WG as suitable
surrogates for conservativeness to represent all in-use marine diesel engines:

- Gardner 6LXB was selected to be representative engine of small power rating and
old age (built on or before 1980), popular type as power generation and propulsion
for fishing vessel;

- Cummins NTA855A(M) was selected to be representative engine of large to medium
power rating and medium age (built before 1990), normally used in tugs as

propulsion and barges as goods handling.

° Each of the above test engines was coupled with an AC alternator for electricity

generation.

®  An AC alternator was proposed by HKU instead of dynamometer to conduct tests for
practical reason as no dynamometer is readily available on loan for extended period
of time. As the emission testing is not the purpose, dynamometer which allows
adjusting engine speed is also not necessary. In fact, it will be easier to control a
constant load using an AC alternator. The only consideration is to control the
higher engine room temperature caused by the higher heat generated than actual

in-use environment.

® A tailor-made test rig, consisting of a suitable mechanical coupling mechanism, was
fabricated for connecting the test engines onto the AC alternator. The two test
engines were reconditioned before the testing. The test rig was housed inside an

acoustic enclosure to reduce its noise level and a water-cooled radiator was employed
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3.2

for cooling (see photos in Section 4).

Commissioning test after engine installation was installed to ensure satisfactory

running conditions for subsequent testing.

Automatic recording instrument was used to monitor engine fuel consumption and
power output during the Performance Tests. Engine operation parameters were

available for tracking engine performances.

Resistive load banks with selective step change settings were used for varying output
power ratings of the engines. A customised load bank was prepared for providing

+/- 2% step change at approximate 85% of the rated engine power demand.

Fuel Supply System

The test fuels, namely HSD and Euro V diesel, were provided by EPDs fuel
contractor Sinopec (Hong Kong) Petroleum Company Ltd. and temporarily stored in
200-litre drums at the test site. HSD was used without any blending while LSD was

produced by blending 1 part HSD with 10 parts Euro V diesel by volume.

Fuel supply and blending for Performance and Durability Tests were handled

differently as discussed below.

Performance Test: Fuel transfer pumps with flow meters were used for fuel blending
and fuel consumption record was provided on regular basis to assure measurement
accuracy. In-line fuel flow sensors in duplicate were installed at the inlet of the

engine for determining the total volume of fuel delivered to the engine.

Durability Test: The test fuels were transferred from the storage drums to a fuel tank
-6-



3.3

with capacity 400 litres before delivering to the test engine.

Fuel supplier’s Certificate of Quality (CoQ) or equivalent (if available) containing
physical and chemical characteristics of the transported HSD and Euro V diesel were
provided by the fuel contractor, which can be used to compare with the fuel quality
test results obtained by an independent qualified laboratory (i.e. SGS) appointed by

EPD.

Performance Test

Six (6) Performance Tests (3 LSD and 3 HSD) were carried out for each of the test
engines. To reduce the experimental uncertainty, three Performance Tests were
conducted for each engine and for each type of fuel, and the average of the three tests
was compiled. The three tests are: 1) Before durability, as baseline; 2) After
durability before engine oil replacement, indicating the combined effect due to
engine wear and durability; 3) After durability and after engine oil replacement,

indicating the effect due to durability.

Both HSD and LSD fuels were used in each Performance Test. HSD was tested
first as baseline while LSD test was conducted after the HSD test. HSD was tested

first as this is the common fuel that the local trade is using for marine applications.

Test sequence for each engine is summarised as follows:

Start with 15 minutes warm-up phase at various engine power outputs;

Measure fuel consumption at marine medium continuous rating speed (rated engine
speed) at 6 engine loadings, i.e. actual 100% (maximum) power output (which may
be de-rated from the rated power output), 85%, 75%, 50% and 25% each for 15 min;

Measure fuel consumption at sequential power output of 83% -> 85% -> 87% ->



3.4

85% -> 83% to mimic fluctuating load operations, with each step for 3 min;
End with 15 min cool-down at idle speed;
Repeat the above steps ii and iii twice and adopt the average of the three

measurements as the result.

Engine oil (together with filters for engine oil, fuel and intake air) was changed at the
beginning of the first Performance Test, end of durability and subsequent 2" and 3"
Performance Tests for each engine-fuel combination. Engine oil of recommended

types for the two engines suitable for use in HSD and LSD was adopted.

200-hour Durability Test
200-hour Durability Test was carried out after the Performance Test for each engine.

The 200-hour was selected with reference to overseas experiences.

Both HSD and LSD fuels were used and compared in each Durability Test. The test
was conducted in sequence of Gardner-HSD, then Gardner-LSD, and Cummins-HSD

then Cummins-LSD.

The rated power output at marine continuous rating speed of the Gardner 6LXB
engine is 94 kW and in the present study the selected running output power from the
alternator was 68 kW. This selected figure was based on losses due to de-rate of
aged engine (80% of the rated power) and power loss due to driveline components
(about 10% of the rated engine power). The estimated engine output power is

approximately 80% of the rated engine power.

The rated power output at marine continuous rating speed of the Cummins

NTA855(M) engine is 261 kW and in the present study the selected running output



power from the alternator was 186 kW. This selected figure was based on losses
due to de-rate of aged engine (80% of the rated power) and power loss due to
driveline components (about 10% of the rated engine power). The estimated engine

output power is approximately 80% of the rated engine power.

Test sequence for each of the engines is summarised as follows:
1. Start with 15 minute warm-up phase at idle speed;
ii. Run at 80% of the rated power output at marine continuous rating speed (i.e. 68
kW for Gardner, and 186 kW for Cummins) continuously for 12 hours/ day;
iii.  End with 15 min cool-down phase at idle speed:;

Iv. Repeat the above Steps i to iii until 200 hours of operation are accumulated;

Scanning electronic microscope (SEM) and low power electronic microscopic
(LPEM) examination for wear condition analysis of nozzles of fuel injectors and
moving parts of fuel injector/ pump were carried out respectively, before and after
the Durability Test for 2 engine-fuel combinations: Gardner-HSD (Cummins-HSD)
then Gardner-LSD (Cummins-LSD), thus total 4 examinations for each of the test
engines (see Section 3.5 for more details). Similarly, atomisation pattern and
pressure leakage test of fuel injectors, and delivery quantity of fuel pump test were
conducted on test bench to check compliance of manufacturer’s recommended

operation limit for fuel injectors and pump before and after Durability Test.

Engine oil samples were collected at three stages of the Durability Test. Their
analysed results were used as reference for Gardner since make-up oil quantity was
significant to render scientific analysis difficult. However, no make-up oil was

necessary for Cummins. Details can be found in Section 3.6 below.



3.5 Fuel Diesel Analysis and Lubricity Evaluation

Two (2) duplicate representative fuel samples (HSD & LSD) of suitable volume
(~500 ml) were collected using glass bottles (which were thoroughly clean before
sampling) (2 samples in total). The above sampling was carried out during the first
and final Performance Tests. One set of the samples was delivered to a qualified
laboratory (i.e. SGS Hong Kong Ltd.) for physical and chemical analysis including
lubricity, thus assuring that they meet the expected HSD and LSD specifications as
tabulated in Table 1 below. The duplicated sample served as a reserve in case there

is any doubt or dispute on the test results, which may then be tested for confirmation.

Table 3.1. Test parameters of diesel fuel

Test Parameter Test Method or HSD LSD
Equivalent Spec. Spec.

Net Calorific Value ASTMD240 NA NA

Density (g/litre) ASTMD4052 0.82-0.87  0.82-0.86

Sulphur (% wt.) ASTMD4294  0.5% max. 0.05% max.

Cetane Index ASTMD4737 48 min. 48 min.

Lubricity, Corrected Wear Scar ENISO12156- NA 460 max.

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR

Microscopic examination (including both Scanning electronic microscope SEM and
low power electronic microscope LPEM) and pressure bench test were conducted,
which helped to identify the wear condition of the needle valves and nozzles of fuel
injectors and moving parts of fuel pump before and after the Durability Test for 2
engine-fuel combinations: Gardner-HSD (or Cummins-HSD), Gardner-LSD (or
Cummins-LSD). SEM can reveal the fine details of the metal surface including its
composition and was used mainly on the fuel injector nozzles. A low power
microscope serves to complement SEM and was used to obtain the surface roughness

condition of the needle valves and pump plungers. The parts were delivered to
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3.6

International Diesel Engineering Co. for bench testing for the operating pressure and
re-conditioning.  Surface images of the key components were recorded and

compared with their brand new conditions.

Engine Oil Selection and Degrade Evaluation

Monograde diesel engine oils Mobil Delvac 1340 (SAE Grade 40) was used for
Gardner 6LXB engine, with typical properties in Table 3.2.  Mobil Delvac 1330 or
1340 have been used by marine trade for Gardner 6LXB engines and the higher

grade of 1340 was selected for conservative reason.

Table 3.2. Typical properties of Mobil Delvac 1340 engine oil

Test Parameter Delvac 1340
Grade SAE 40
Viscosity, ASTM D445

cSt @ 40°C 146

cSt @ 100°C 14.1"
Viscosity Index, ASTM D2270 99
Sulfated Ash, wt%, ASTM D874 11
Total Base Number, ASTM D2896 10.1
Pour Point, °C, ASTM D97 -21
Flash Point, °C, ASTM D92 254
Density, kg/l @ 15°C, ASTM D4052 0.8875

# Viscosity based on product sheet is 14.6 but does not represent actual figure, which may vary with the

base oil used in its manufacture. Certificate of Analysis of the product being delivered to HKU shows

14.1 instead.

Diesel engine oils Mobil Delvac MX 15W-40 (SAE Grade 15W-40) was used for
Cummins NTA855(M) engine, with typical properties in Table 3.3. Mobil Delvac
MX 15W-40 has been commonly used by marine trade and is equivalent to Valvoline

Premium Blue E recommended by Cummins.
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Table 3.3. Typical properties of Mobil Delvac MX 15W-40 engine oil

Test Parameter Delvac MX 15W-40
Grade SAE 15W-40
Viscosity, ASTM D445

cSt @ 40°C 105

cSt @ 100°C 155
Viscosity Index, ASTM D2270 138

Sulfated Ash, wt%, ASTM D874 1.1

Total Base Number, ASTM D2896 10

Pour Point, °C, ASTM D97 -33

Flash Point, °C, ASTM D92 215

Density, kg/l @ 15°C, ASTM D4052 0.8685

Viscosity based on product sheet is 14.2 but does not represent actual figure, which may vary with the
base oil used in its manufacture. Certificate of Analysis of the product being delivered to HKU shows

15.5 instead.

Three (3) duplicate representative engine oil samples of suitable volume (~200 ml)
were collected using glass bottles (which were thoroughly clean before sampling) for
two (2) combinations: Gardner-HSD (or Cummins-HSD), Gardner-LSD (or
Cummins-LSD), at three stages of Durability Test (6 samples in total). One set of
samples was delivered to a qualified laboratory (Signum Oil Analysis via Tat
Petroleum) for physical and chemical analysis of quality as according to those
parameters tabulated in Table 3.4 below. The three stages are: 1) after Performance
Test but before commencement of durability ("0-hr"); 2) middle of durability
("100-hr"); and 3) completion of durability ("200-hr"). The duplicated sample
serves as a reserve in case there is any doubt or dispute on the test results, which may
then be tested for confirmation. Numerical comparisons and analysis of used
engine oil conditions and the wear condition can be made from the results of the

three groups of test parameters shown in Table 3.4. Subject to results availability,
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attempt will be made to quantify the cost benefits and cost implication due to

different engine oil change frequency.

Table 3.4. Test parameters of engine oil

Test parameters Test Method or Oil Contamination Guidelines
Equivalent

Viscosity@100°C cSt ASTM D445 +/- SAE viscosity grade or 5 cSt
from the new oil

Total Base Number ASTM D2896 2.5 number minimum or half

(TBN) new oil value or equal to Total
Acid Number

Spectra-Elements ASTM D5185 Vary depending on wear metal

Analysis: ppm Al, Cr, and engine, refer to

Cu, Fe, Ni, Sn ExxonMobil’s “Used Oil

Interpretation Guidelines for
Heavy Duty Diesel Engine
Oils”. June 2005 version.

®  Certificates of Analysis or equivalent for physical and chemical characteristics of
new engine oil were obtained from Tat Petroleum as reference to the quality test

results provided by Signum Qil Analysis.

® Consumables (such as engine oil filters, fuel filters, air intake filters) were selected
according to engine manufacturers’ recommendations and if not available the
commonly used one (by the trade) were adopted. New filter elements were used

before the 1% and 3" Performance Tests for both engines.

3.7 Monitoring and data collection
Data was monitored and recorded during the Performance and Durability Tests as follows:
®  Performance Test

- Fuel consumption by the engine at various load demands was recorded by Oval M-Il11
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Flow Sensors and DATAQ Counter Data Logger;
Engine speed was determined by Deep Sea Electronics control module and magnetic
pick-up sensor;

Power output from the AC alternator/ Engine was recorded by Fluke Power Logger.

Durability Test

Engine speed, engine coolant temperature, engine oil pressure and alternator/ engine
output power were monitored and recorded regularly in log sheet. The recorded
information is used to reflect the engine running conditions to check if the engine is
in good order during the Durability Tests

Fuel pump components and fuel injector plungers were examined by low power
microscope;

Fuel nozzle surface and composition of residual (if any) were examined by Scanning
Electron Microscope;

Atomisation pattern, operating pressure and conditions of the fuel injector and fuel
pump were tested by service test bench;

Properties of HSD and LSD were analysed by qualified laboratory;

Properties of engine oils at different stages were analysed by qualified laboratory.

In addition, air intake and exhaust gas temperatures were recorded regularly to
monitor combustion performance for Cummins engine. This is an extra item of the
original methodology agreed by the WG in its 2" meeting, requested by a WG

member after the first site visit of Gardner engine testing.
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Description of the Test Rig Components and Instrumentation

Test Engine - Gardner 6L XB (Photo 4.1)

Test period: 31-Aug-12 to 08-Nov-12

Specification

Rated power output 150 bhp @ 1,650 rpm
Marine continuous rating 127 bhp @ 1,500 rpm
Bore 120.6 mm

Stroke 152.4 mm

Capacity 10.45 litres

Aspiration Natural

Configuration 6 cylinder in-line

Fuel consumption (Rated) ~251/hr@ 1,650 rpm
Fuel consumption (Continuous) ~231/hr@ 1,500 rpm

Photo 4.1. The Gardner 6LXB engine
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Test Engine — Cummins NTA855-M (Photo 4.2)

Test period: 10-Dec-12 to 25-Jan-13

Specification

Rated power output 400 bhp @ 2,100 rpm
Marine continuous rating 350 bhp @ 1,800 rpm
Bore 140 mm

Stroke 152 mm

Capacity 14 litres

Aspiration Turbocharged
Configuration 6 cylinder in-line

Fuel consumption (Rated) ~79.01/hr @ 2,100 rpm
Fuel consumption (Continuous) ~66.4/hr @ 1,800 rpm

Photo 4.2. The Cummins engine
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Test Rig — Gardner engine

A mild steel frame was employed for mounting the test engine and AC alternator (Photo
4.3). The frame was placed inside an acoustic enclosure (Dimension 6,100 (L) x 2,500
(W) x 2,500 (H) mm). Acoustic panels of thickness 100 mm (Sound Transmission Class
not less than 40) were used to construct the acoustic enclosure to reduce the engine noise.
The engine was cooled with a water pump (Photo 4.4) and the associated remote radiator
(Photo 4.5). A PLC controller (Photo 4.6) was used for resistive load bank to control

alternator power output.

Photo 4.3. The Gardner engine installed on ~ Photo 4.4. Water pump for engine cooling

the test rig

Photo 4.5. Remote radiator Photo 4.6. PLC controller for load bank
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Test Rig — Cummins engine

A mild steel frame was employed for mounting the test engine and AC alternator. The
frame was placed inside a 20-ft container (Photo 4.7 & 4.8). Same as Gardner engine,
acoustic panels of thickness 100 mm (Sound Transmission Class not less than 40) were
used to construct acoustic barriers to reduce the engine noise. The engine was cooled
with a water pump and the associated remote radiator. A PLC controller (Photo 4.6) was
used for resistive load bank to control alternator power output. Unique for Cummins
engine, a water scrubber was used to remove air pollutants from the engine flue gas and air
intake and exhaust gas temperatures were recorded regularly to monitor combustion

performance. The latter was requested by a member of WG after the first site visit.
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Photo 4.7. The Cummins engine installed Photo 4.8. The test rig was placed in a

on the test rig 20-feet container

Photo 4.9. The resistive load banks Photo4.10. Remote radiator and water

scrubber
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AC Alternator

A Stamford D66-2158 AC alternator with capacity not less than 600A and mechanical
coupler (Photo 4.11) was used. The mechanical coupler provides easy installation of the
test engines and allows tolerance for alignment and vibration. The electricity output was

controlled and protected by monitoring circuits (Photo 4.12).

Photo 4.11. AC alternator with mechanical Photo 4.12. Automatic voltage regulator for

coupler alternator

Fuel Measurement

Oval M-I1l LSF45L0-R1 fuel flow sensor (Photo 4.13) was mounted onto the fuel line to
determine the fuel flow rate while the flow record was stored in the DATAQ DI-160

counter data logger (Photo 4.13).
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Photo 4.13. Fuel flow sensor with count data logger

Engine Speed Measurement

Engine speed was determined by a Deep Sea Electronic control module (Photo 4.14) with a
magnetic pick-up sensor. The sensor was installed to record the number of revolution of
the flywheel. The transient measurement result was displayed for accurate engine speed

adjustment.

DEEP SEA FLECTRONCS

Photo 4.14. Deep Sea Electronics control module

-20-



Alternator Output Measurement

Resistive load banks (Photo 4.15) with various step load settings were used to provide
output loads to the AC alternator. Customised Load Bank was used for small power
adjustment. Fluke 1735 power logger (Photo 4.16) was used to record the output power,
voltage and current from the AC alternator. The results could be used to estimate the

output power from the test engines.

Photo 4.15. Resistive load bank Photo 4.16. Power logger

Scanning Electron Microscope (SEM)

Hitachi S3400N VP 7060 SEM (Photo 4.17) was used to inspect fine details of the metal

surface including its composition and was used mainly on the fuel injector nozzles.

Photo 4.17. SEM instrument

-21-



Low Power Electronic Microscope

An Olympus SZ (Photo 4.18) and Supereyes A005+ (Photo 19) low power microscope was

used to obtain the surface roughness condition of the needle valves and pump plungers.

Photo 4.18. Olympus low power microscope Photo 4.19. Supereyes low power

microscope

Please refer to Appendix Il for Equipment List and Appendix IV for Schematic Diagram of

Instrument Setup.
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Results and Discussions for Gardner Engine Test

Diesel Fuel Analysis

Certificates of Quality (CoQ) for HSD and Euro V diesel were obtained regularly from the
fuel supplier Sinopec regularly. The properties of HSD and LSD per batch in terms of
testing date are summarised in Tables 5.1 & 5.2 respectively, which matched with the

specifications agreed in the 2" WG meeting.

Table 5.1. Properties of HSD fuels

Test Parameter Test Method or 22-07-12 11-08-12  08-09-12
Equivalent

Density at 15 “C (kg/litre) ASTMD4052  0.8446 0.8553 0.8540

Sulphur (% wt.) ASTMD4294  0.370 0.416 0.419

Cetane Index ASTMD4737  53.2 50.5 51.0

Lubricity, Corrected Wear Scar ~ ENISO12156- N/A N/A N/A

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR

Test Parameter 10-09-12
Density at 15 “C (kg/litre) 0.8540
Sulphur (% wt.) 0.431
Cetane Index 51.0

Lubricity, Corrected Wear Scar ~ N/A
Diameter (wsd1.4) at 60°C (um)

Table 5.2. Properties of Euro V diesel fuels

Test Parameter Test Method or 29-07-12  15-09-12 08-10-12
Equivalent

Density at 15 °C (kg/litre) ASTMD4052  0.8241 0.8369 0.8226

Sulphur (ppm wt.) ASTMD4294 9.0 5.2 2.5

Cetane Index ASTMD4737  57.7 55.6 52.9

Lubricity, Corrected Wear Scar ~ ENISO12156- <400 <350 <400

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR
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Test Parameter 17-10-12 30-10-12

Density at 15 “C (kg/litre) 0.8281 0.825
Sulphur (ppm wt.) 5.4 3.8
Cetane Index 56.1 54.0

Lubricity, Corrected Wear Scar <350 <400
Diameter (wsd1.4) at 60°C (um)

Properties of HSD and Euro V diesel (EVD) fuels as shown in Tables 5.1 and 5.2 comply
with the specifications of Sinopec and HKSAR respectively.  Apart from the CoQ reports
provided by the fuel supplier, physical properties of the two test fuels (HSD and LSD)

were re-examined by an independent laboratory.

Test results of the two fuels obtained by SGS of the dated reports are summarised in Table
5.3 and 5.4 respectively. The results show that the LSD fuel properties comply with the
proposed LSD specification for HKSAR. It can also be seen that there are only slight
variation in the properties of the two fuels (HSD and LSD) for the two analyses conducted
during the Performance Test. In particular, the percentage difference in NCV between

LSD and HSD is -1.6% and 2.2% respectively for the two analyses.

Table 5.3. Test parameters of HSD fuel

Test Parameter Test Method  Specification  27-08-12 27-11-12
or Equivalent

Net Calorific Value (kJ/L) ASTMD240 NA 36,197 36,315

Density (kg/litre) ASTMD4052 0.82-0.87 0.8506  0.8565

Sulphur (% wt.) ASTMD4294  0.5% max. 0.399 0.418

Cetane Index ASTMDA4737 48 min. 51.6 50.1

Lubricity, Corrected Wear Scar  ENISO12156- NA 350 344

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR
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Table 5.4. Test parameters of LSD fuel

Test Parameter Test Method Specification 27-08-12 28-11-12
or Equivalent
Net Calorific Value (kJ/L) ASTMD240 NA 35,608 35,530
(% NCV difference wrt HSD) (-1.6%) (-2.2%)
Density (kg/litre) ASTMD4052 0.82-0.86 0.8281 0.8278
Sulphur (% wt.) ASTMD4294 0.05% max.  0.0421 0.0411
Cetane Index ASTMDA4737 48 min. 56.8 53.5
Lubricity, Corrected Wear Scar  ENISO12156- 460 max. 322 358

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR

Although only two laboratory tests on fuel properties were conducted, CoQ data obtained

from the fuel supplier can justifiably represent fuel parameters relating to fuel combustion

and consumption for the whole period. This is on the basis that the discrepancy between

calculated and tested HSD and LSD fuels is small, as shown in Table 5.5.

Table 5.5. Discrepancy between calculated and tested HSD and LSD fuel

Test Parameters relating to fuel ~ 1%PT before HSD durability

2" 3"PT after LSD durability

combustion and consumption HSD LSD HSD LSD
Net Calorific Value (kJ/L) -0.4% -0.2% +0.1% +0.2%
Density (kg/litre) -0.7% -0.3% -0.3% +0.0%
Cetane Index +3.1% +0.8% +1.8% +0.4%
Performance Test

(@) Maximum engine power

To determine the maximum power output of the engine, a lug down test was first

conducted to obtain the engine load curve. The maximum engine power was obtained at

the rated engine speed of 1650 rpm from the engine load curve.

Table 5.6 shows the

variation in maximum output power between the LSD and HSD fuels under the following

four cases: before the HSD durability (baseline 1), after the HSD durability, before the

LSD durability (baseline 2), and after the LSD durability. As can be seen, the percentage

change in maximum power varies from +0.1% to -5% with an overall average -1.8%.

The variations in the result may be due to the variation in the NCV for different batch of
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fuels provided for the testing and experimental uncertainty arose from day to day engine
variations. Nevertheless, the average drop in maximum output power for LSD wrt HSD
is 1.8% which matched with the decrease in NCV for the LSD wrt HSD (1.9%) as

indicated in Table 5.7 below.

Table 5.6. Maximum power output test result — LSD Vs HSD

Max. power Baseline 1  After 200-hr ~ Baseline 2 After 200-hr  Overall
output (HSD (LSD average
Durability Durability
Test) Test)
HSD (kW) 106.2 116.3 115.3 117.7 113.9
LSD (kW) 104.9 115.0 109.5 117.8 111.8
% change LSD -1.3% -1.1% -5.0% +0.1% -1.8%
Vs HSD

Table 5.7. Comparison of Calorific value of HSD & LSD
HSD LSD % change
Av. Calorific value (kJ/L) 36,256 35,569 -1.9%

(b) Specific fuel consumption
Specific fuel consumptions (SFC) at various engine loadings were determined, which are
based on the measurement of the actual fuel consumption by the fuel sensor and the

recorded energy output according to the following equation:

fuel consumption rate i litre)
Specific fuel consumption (litre/lkWh) =  enersy output (kW/hr)

Sixth different engine loading conditions were tested, respectively 100%, 85%, 75%, 50%,
25% loading and a load cycle from 83% to 87%. Here 100% loading refers to 89 kW that
was devised from the manufacturer’s rated engine power figure (i.e. 111.9 kW) minus the

estimated power derate of in-service aged engine (i.e. 20% of the rated engine power).
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The comparison of SFC between LSD and HSD under different loading conditions is
shown in Table 5.8 for the following three cases: Baseline, after 200-hr HSD Durability
Test without engine oil replacement, and after 200-hr HSD Durability Test with engine oil
replacement. Table 5.9 shows the corresponding results for the 200-hr LSD durability.
The original determined SFC data is enclosed in Appendix VII for reference. The data
shows that SFC data obtained for both the HSD and LSD tests was rather normal and fell

within the range provided in the engine manual.

It can be observed from the results that the variation in SFC with and without engine oil
replacement are very similar in magnitude indicating that the engine oil replacement did
not impose significant effect in SFC of the engine. As such the results with and without
engine oil replacement were averaged for subsequent analysis. Table 5.8 shows that
before (baseline) and after the HSD Durability Test, the average SFC for LSD varied from
-0.1% to +1.0% with an overall average of +0.5% for all the loading conditions. At the
same time Table 5.9 shows that before (2™ baseline) and after the LSD Durability Test, the
SFC for LSD varied from +1.0% to +1.9% with an overall average of +1.7% for all the
loading conditions. Comparing Table 5.8 with Table 5.9, there is a slight increase in the
percentage increase of SFC for LSD is consistent with the larger reduction in NCV (2.2%

compared t01.6%) for LSD as mentioned above (See Table 5.4).

Note that the above discussions of NCV and SFC refer to units based on volume since
local marine trade used to adopt litre as basis for bunkering. If bunkering is by weight,
the situation would be reversed. NCV (kJ/kg) of LSD would be slightly higher and SFC

(9/kWh) of LSD would also be slightly less than the corresponding figures of HSD.
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Table 5.8. Comparison of specific fuel consumption result before and after the HSD
Durability Test — LSD Vs HSD
Engine loading condition Baseline  After After 200-hr & Average
(1) 200-hr  engine oil
replacement

100% LSD Vs HSD -1.3% +0.7%  +1.4% -0.1%
85% LSD Vs HSD +0.1% +0.6%  +0.9% +0.4%
75% LSD Vs HSD +1.2% +0.6% +1.1% +1.0%
50% LSD Vs HSD -0.3% +1.9% +1.2% +0.6%
25% LSD Vs HSD -1.0% +2.0% +1.2% +0.3%
Load Cycle (83% to 87% load)  +0.9% +1.0% +1.3% +1.0%
LSD Vs HSD

Overall average: +0.5%

Table 5.9. Comparison of specific fuel consumption result before and after the LSD
Durability Test — LSD Vs HSD
Engine loading condition Baseline  After After 200-hr & Average
") 200-hr  engine oil
replacement

100% LSD Vs HSD +1.1% +2.6% +2.9% +1.9%
85% LSD Vs HSD +1.2% +2.7%  +2.6% +1.9%
75% LSD Vs HSD +1.1% +2.6% +2.5% +1.8%
50% LSD Vs HSD +1.1% +1.9% +2.0% +1.5%
25% LSD Vs HSD +0.6% +1.3% +1.6% +1.0%
Load Cycle (83% to 87% load)  +0.8% +2.7%  +3.0% +1.8%
LSD Vs HSD

Overall average: +1.7%

Durability Test

(a) Basic operational data

Hourly engine operational data, including power output, coolant temperature, etc., were
recorded to monitor the engine running conditions. The result showed that the test engine

was running in normal conditions during the 200-hr Durability Test.
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Basic operational data including engine oil consumption of the Durability Test was
recorded and tabulated in Table 5.10. As mentioned in the 3 WG meeting, large amount
of engine oil was consumed during the Durability Test, particularly at the beginning of the
HSD Durability Test. A difference of 10.5 litres was recorded between the HSD and LSD
Durability Test. The large difference in engine oil consumption between HSD and LSD
may be due to the following reasons:

(i) Larger amount of engine oil leakage and poorer control of engine oil addition at the
beginning of the HSD Durability Test;

(if) Engine run-in effect that consume more HSD;

(iii) Inherent feature of using LSD.

Regarding the above point (iii), some researchers explained that LSD would produce less
sulphur dioxide than HSD during the combustion, which would transform to sulphuric acid.
This would lead to less severe pitting and improved cylinder surface finish, hence lower
engine oil consumption. However, we still need to ascertain this and check that such
reduction was not due to the other two reasons stated above. It is therefore recommended
to look more closely on the engine oil consumption of the Cummins engine in the
subsequent test. Better control of engine oil addition has been conducted to avoid the
above point (i) to occur. Due to different design of Cummins vs Gardner engine, the above
point (ii) should no longer be applicable. The additional 10.5 litre engine oil consumption

was roughly estimated to be 4.0 litre due to (i) and (ii) and 6.5 litre due to (iii) respectively.

Table 5.10. Basic information of the Durability Test

Test Parameter HSD LSD

Test period 2012/09/04 ~  2012/10/12 ~
2012/09/24 2012/11/03

Total running hours (Hour) 200 200

Constant power output maintained (kW) 68 68
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Total engine oil re-filled (Litre) 33.5 23.0

I. Fuel injector test
Fuel injectors opening pressures were tested before and after the trial for each of the test
fuels to check fuel injector opening pressure and fuel atomization patterns to ensure proper
fuel delivery and injection during the whole Durability Test. If any injector atomization
pattern were found unsatisfactory, this may indicate wear and tear of the injector nozzles,

which in turn may be caused by inadequate fuel lubricity.

The fuel injector test results are tabulated in Tables 5.11 and 5.12 for HSD and LSD
Durability Test respectively. The test aimed to indicate fuel injector condition in
delivering and atomization of the fuel.  According to Gardner’s operation and
maintenance instruction manual the minimum injector opening pressure should be about
1764 ~ 1778 psi. The results obtained indicated that the opening pressures of all the
injector complied with this limit demonstrating that the fuel deliveries are normal during
the two Durability Test. Atomization patterns injector spray conditions for all the six
injectors were found satisfactory for both HSD and LSD. This is consistent with (1) the
observation of pump plungers and injector nozzles by SEM and LPEM; and (2) measured

results of fuel lubricity in Tables 5.3 and 5.4 being well below 460 um.

Table 5.11. Fuel injector test (HSD Durability Test)

Injector # Opening pressure complied with Nozzle atomization
operation limit? pattern
Injector 1 Yes Normal
Injector 2 Yes Normal
Injector 3 Yes Normal
Injector 4 Yes Normal
Injector 5 Yes Normal
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5.4.

Injector 6 Yes Normal

Table 5.12. Fuel injector test (LSD Durability Test)

Injector # Opening pressure complied with Nozzle atomization
operation limit? pattern
Injector 1 Yes Normal
Injector 2 Yes Normal
Injector 3 Yes Normal
Injector 4 Yes Normal
Injector 5 Yes Normal
Injector 6 Yes Normal

Fuel injection pump test
Fuel injection pump was tested before and after the trial for HSD durability and LSD
Durability Tests. The testing reports were attached in Appendix VII. The test on maximum
fuel setting and fuel delivery quantities of injection pump per 200 strokes @600 rpm were
measured by standard test equipment, and was manually observed and recorded. All the
results were found to fall within £ 0.2 c.c., considered to be within the sensitivity range of
the combined test equipment uncertainty and human error. Thus, there is no significant
difference before and after both the HSD and LSD Durability Tests. This is consistent
with (1) the observation of pump plungers and injector nozzles by SEM and LPEM (see
results in section 5.5); and (2) measured results of fuel lubricity in Tables 5.3 and 5.4 being

well below 460 um.

Engine Oil Analysis
Engine oil samples were also taken at 0, 100 and 200 hours of the Durability Test for
chemical analyses. “0-hr” represents condition of the engine oil in the engine before start

of the Durability Test. Engine oil analysis was carried out by Signum. The results of the
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engine oil analysis at 0, 100 and 200 hours are shown in Tables 5.13 and 5.14 for HSD and
LSD Durability Tests respectively, complete reports can be found in Appendix VII. The

following points were observed from the results:

(@) Viscosity
As can be seen, there is an increase in viscosity over the 200 hours’ Durability Test and the
increase is 5.0% and 3.5% for HSD and LSD respectively. Increase for HSD over LSD

would have been more than 1.5% if no make-up oil was introduced.

(b) TBN

There is a rather big reduction in TBN over the 200 hours’ test period for the HSD (15%)
but only a minor reduction of 1% for the LSD. A plausible explanation is that additive
replenishment (i.e. topping off the oil) is replacing sufficient additive to offset the amount
consumed by much lower quantity of sulphuric acid generated from the LSD than the HSD
combustion. Nevertheless, both TBN values at 200-hr for HSD and LSD are still within
normal range. According to the engine oil manufacturer, engine oil need to be changed
when the TBN values drops below half of the original values. Thus, the lower TBN
depletion rate for LSD may potentially benefit the engine operation by possible reduction
of engine oil changing frequency. Such benefit would become even more if no make-up
oil was introduced. However, whether this reduction can be achievable or not still
depends on the viscosity depletion rate of the engine oil which may happen after 200-hour.
One may argue that the trend of viscosity from the 200-hr had been favourable to LSD,
further supporting LSD benefit. In any case, no conclusive statement can be drawn at this

point.

(c) Elemental analysis

There was a general increase in metal concentrations in the engine oil over the 200-hr
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testing due to engine wear. As can be seen from Tables 5.13 and 5.14, incremental metal
concentrations due to wear for HSD and LSD were more or less similar except higher iron
for LSD. It should be noted that engine oil had been replenished continually during the
Durability Test that changed continually the engine oil properties. Therefore, the
behaviour of the engine oils observed can only be considered as indicative. It is also
noted that there were some metals detected in the engine oil sample at 0-hr of the HSD
Durability Test, which may be due to the residual metals left after the 1% engine oil
replacement before the Durability Test. Although incremental values are taken for the
analysis, it is still recommended to have more adequate flushing during the engine oil
replenishment in the subsequent Cummins test to reduce the amount of residual metals left

in the engine oil.

Table 5.13. Typical properties of Mobil Delvac 1340 engine oils (HSD Durability Test)

Test Parameter Spec. 0-hr 100-hr 200-hr  Change
(200hr -0Ohr)

Viscosity, ¢St @ 100°C 14.1 14.0 14.2 14.7 +0.7

Total Base Number (mg KOH/g)  10.1 9.2 8.0 7.8 -1.4

Wear Elements (ppm): Ag, Mo, Ni, Sn which have less than 4 ppm are not shown

Al 0 3 5 5 +2
Cr 0 7 18 22 +15
Cu 0 5 9 9 +4
Fe 0 18 19 19 +1
Pb 0 2 4 5 +3

Table 5.14. Typical properties of Mobil Delvac 1340 engine oils (LSD Durability Test)

Test Parameter Spec. 0-hr 100-hr 200-hr  Change
(200hr -0Ohr)

Viscosity, cSt @ 100°C 141 141 14.3 146  +05

Total Base Number (mg KOH/g)  10.1 8.8 8.3 8.7 -0.1

Wear Elements (ppm): Ag, Mo, Ni, Sn which have less than 4 ppm are not shown
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5.5.
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Scanning Electronic Microscope Examination
In order to investigate whether there is wear and tear problem caused by fuel flow, all
components of fuel injectors and pump set of the Gardner engine that may be subject to

wear and tear due to fuel lubricity were purchased new and examined. These components

include injector nozzles, hollow piston valves, pump plungers and delivery valves.

were first examined before Durability Test as baseline; and re-examined by dismantling

from the engine and pump after the two Durability Tests.

Fuel injector assembly and fuel pump element section of Gardner’s delivery system are

shown in Figures 5.1 and 5.2 respectively.

Figure 5.1. Fuel injector assembly of Gardner’s delivery system.
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Figure 5.2. Fuel pump element section of Gardner delivery system

The injector nozzles were examined by Hitachi S3400N VP SEM instrument and some
typical sample photo images of LSD are provided in Photos 5.1 to 5.5. Complete set of

photos taken can be obtained from the website: www.hktscl.com.hk/Temp/Microscope.rar.

As can be observed from these photos, the shapes and sizes of the nozzles remain the same
after the 200-hr Durability Tests for both HSD and LSD cases. Some deposits were found
inside the nozzles of both HSD and LSD, which was identified to be mainly carbon and
oxygen (Photo 5.5). This may come from the unburned fuel deposited on some extruded
element inside the nozzles. In general, based on the SEM observations, no abnormal

finding and discrepancy could be identified for both the HSD and LSD cases.
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: e S53400-1166 20.0kV 13.8mm x30 SE
Photo 5.1. Image of nozzle injection Photo 5.2. Image of nozzle injection
hole (Before LSD trial) hole (After LSD trial)

HKU-8891 20.0kV 11.3mm x200 SE

Photo 5.3. Zoom up view of the Photo 5.4. Zoom up view of the

injection hole (Before LSD trial) injection hole (After LSD trial)
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Photo 5.5. Elemental analysis of substances in an injector’s nozzle hole after 200-hr
Durability Test
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5.6. Low Power Electronic Microscope Examination
The tear and wear characteristics of the pump plungers and fuel injector plungers were also
investigated by the low power electronic microscope (LPEM). The surface finishes of the
plungers were compared for both the HSD and LSD cases. Typical photos were shown in
Photos 5.6 to 5.11 for the hollow piston valves of fuel injector assembly, pump plungers
and fuel pump delivery of fuel pump element section of the HSD while Photos 5.12 to 5.17
show the same components for the LSD case. Complete set of photos for fuel injector
assembly and fuel pump element section of Gardner delivery system can be obtained from

the website: www.hktscl.com.hk/Temp/Microscope.rar. As can be seen from these photos,

the surface finishes of the examined component did not exhibit any significant changes
before and after the Durability Test for both HSD and LSD. The LPEM investigation
indicated that there are no significant differences in the tear and wear characteristics for
both the HSD and LSD cases.

Photo 5.6. Zoom up view of the Photo 5.7. Zoom up view of the
hollow piston valve (Before HSD trial) hollow piston valve (After HSD trial)

Photo 5.8. Zoom up view of the Photo 5.9. Zoom up view of the

fuel pump plunger (Before HSD trial) fuel pump plunger (After HSD trial)
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Photo 5.10. Zoom up view of the Photo 5.11. Zoom up view of the
fuel pump delivery (Before HSD trial) fuel pump delivery (After HSD trial)

Photo 5.12. Zoom up view of the Photo 5.13. Zoom up view of the
hollow piston valve (Before LSD trial) hollow piston valve (After LSD trial)

Photo 5.14. Zoom up view of the Photo 5.15. Zoom up view of the
fuel pump plunger (Before LSD trial) fuel pump plunger (After LSD trial)
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Photo 5.16. Zoom up view of the Photo 5.17. Zoom up view of the

fuel pump delivery (Before LSD trial) fuel pump delivery (After LSD trial)
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6.1.

Results and Discussions for Cummins Engine Test

Diesel Fuel Analysis

The properties of HSD and LSD per batch in terms of testing date are summarised in
Tables 6.1 & 6.2 respectively, which showed that the amount of sulphur in HSD varied
from 0.057 to 0.455%, some of which were much lower than the specifications agreed.
This is due to fuel batch issue and should be considered as uncontrollable parameter. In
any case, as indicated later the fuel sulphur content of HSD is always about ten times
higher than that of LSD (blended by mixing HSD and Euro V diesel in volume ratio 1:10)
for the Performance Test. Nevertheless, properties of HSD and Euro V diesel (EVD)
fuels as shown in Tables 6.1 and 6.2 comply with the specifications of Sinopec and

HKSAR respectively.

Table 6.1. Properties of HSD fuels

Test Parameter Test Method or 9-11-12 6-12-12 11-12-12
Equivalent

Density at 15 °C (kg/litre) ASTMD4052  0.8563 0.8497 0.8515

Sulphur (% wt.) ASTMD4294  0.455 0.298 0.196

Cetane Index ASTMD4737 50.8 52.8 52.2

Lubricity, Corrected Wear Scar ~ ENISO12156- N/A N/A N/A

Diameter (wsdl.4) at 60°C (um) 1:2006 HFRR

Test Parameter 17-12-12  19-12-12  9-1-13
Density at 15 °C (kg/litre) 0.8477 0.8540 0.8540
Sulphur (% wt.) 0.057 0.116 0.238
Cetane Index 52.3 50.4 48.4
Lubricity, Corrected Wear Scar ~ N/A N/A N/A

Diameter (wsd1.4) at 60°C (um)

Table 6.2. Properties of Euro V diesel fuels

Test Parameter Test Method or 30-10-12 13-11-12 25-12-12
Equivalent
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Density at 15 “C (kg/litre) ASTMD4052  0.8250 0.8255 0.8361

Sulphur (ppm wt.) ASTMD4294 3.8 7.5 7.7
Cetane Index ASTMD4737 54.0 55.8 54.4
Lubricity, Corrected Wear Scar ~ ENISO12156- <400 <350 <420

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR

Test Parameter 31-12-12 15-1-13
Density at 15 “C (kg/litre) 0.8253 0.8266
Sulphur (ppm wt.) 4.2 7.5
Cetane Index 54.9 54.2
Lubricity, Corrected Wear Scar <420 <460

Diameter (wsd1.4) at 60°C (um)

The two test fuels (HSD and LSD) were examined by an independent laboratory (SGS) and
the results in Table 6.3 and 6.4 of the dated reports showed that the LSD fuel properties
comply with the proposed LSD specification for HKSAR. The percentage difference in
NCV between LSD and HSD are -1.5% and -2.2% for the two batches of samples with an

average of -1.8%.

Table 6.3. Test parameters of HSD fuel

Test Parameter Test Method Specification  24-12-12 6-2-13
or Equivalent

Net Calorific Value (kJ/L) ASTMD240 NA 36,325 36,485

Density (kg/litre) ASTMD4052 0.82-0.87 0.8543 0.8569

Sulphur (% wt.) ASTMD4294  0.5% max. 0.455 0.170

Cetane Index ASTMD4737 48 min. 49.7 50.5

Lubricity, Corrected Wear Scar  ENISO12156- NA 369 349

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR
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Table 6.4. Test parameters of LSD fuel

Test Parameter Test Method Specification 24-12-12  6-2-13
or Equivalent

Net Calorific Value (kJ/L) ASTMD240 NA 35,790 35,685
(% NCV difference wrt HSD) (-1.5%) (-2.2%)
Density (kg/litre) ASTMD4052 0.82-0.86 0.8320 0.8274
Sulphur (% wt.) ASTMD4294 0.05% max.  0.0434 0.0165
Cetane Index ASTMDA4737 48 min. 55.7 54.3
Lubricity, Corrected Wear Scar  ENISO12156- 460 max. 384 349

Diameter (wsd1.4) at 60°C (um) 1:2006 HFRR

As discussed in 5.1 and illustrated in table 5.5, CoQ data obtained from the fuel supplier can

justifiably represent fuel parameters especially for period between the above SGS tests.

6.2. Performance Test
(@) Maximum engine power
The lug down test result in Table 6.5 showed a small percentage change in maximum
power, which varies from +0.7% to -0.1% with an overall average of +0.4%. The average
NCV for different batch of fuels is tabulated in Table 6.6 which shows that the overall
change in NCV of LSD wrt HSD is -1.8%. The result indicates a small increase in

maximum power for LSD despite a small reduction in NCV of the LSD fuel.

Table 6.5. Maximum power output test result — LSD Vs HSD

Max. power Baseline 1  After 200-hr Baseline 2  After 200-hr ~ Overall
output (HSD (HSD average
Durability Durability
Test) Test)
HSD (kW) 300.7 301.2 290.2 292.6 296.4
LSD (kW) 302.7 303.0 289.9 293.2 297.5
% change LSD Vs +0.7% +0.6% -0.1% +0.2% +0.4%
HSD
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Table 6.6. Comparison of Calorific value of HSD & LSD
HSD LSD % change
Av. Calorific value (kJ/L) 36,405 35,738 -1.8%

(b) Specific fuel consumption (SFC)

Sixth different engine loading conditions were tested, respectively 100%, 85%, 75%, 50%,
25% loading and a load cycle from 83% to 87%. Here 100% loading refers to 196 kW
that was devised from the manufacturer’s rated engine power figure (i.e. 261 kW @ 1,800
RPM) minus the estimated power de-rate of in-service aged engine (i.e. 20% of the rated
engine power) and power losses from the driveline system (i.e. 10% of the engine power).
The comparison of SFC between LSD and HSD under different loading conditions is
shown in Table 6.7 for the following three cases: Baseline, after 200-hr HSD Durability
Test without engine oil replacement, and after 200-hr HSD Durability Test with engine oil
replacement. Table 6.8 shows the corresponding results for the 200-hr LSD durability.
The original determined SFC data is enclosed in Appendix VII for reference. The data
shows that SFC data obtained for both the HSD and LSD tests was rather normal and fell

within the range provided in the engine manual.

It can be observed from the results that, similar to the case of Gardner engine, the variation
in SFC with and without engine oil replacement are very similar in magnitude indicating
that the engine oil replacement did not impose significant effect in SFC of the engine. As
such the results with and without engine oil replacement were averaged for subsequent
analysis. Table 6.7 shows that before (baseline) and after the HSD Durability Test, the
average SFC for LSD varied from +1.0% to +1.6% with an overall average of +1.3% for
all the loading conditions. At the same time Table 6.8 shows that before (2" baseline)
and after the LSD Durability Test, the SFC for LSD varied from +1.3% to +1.6% with an

overall average of +1.4% for all the loading conditions. Comparing Table 6.7 with Table
44 -



6.8, there is a slight increase (+1.3% to 1.4%) in SFC for LSD which is consistent with the

reduced NCV (-1.8%, LSD Vs HSD) as mentioned above (See Table 6.6).

Note that the above discussions of NCV and SFC refer to units based on volume since
local marine trade used to adopt litre as basis for bunkering. If bunkering is by weight,
the situation would be reversed. NCV (kJ/kg) of LSD would be slightly higher and SFC

(9/kwh) of LSD would also be slightly less than the corresponding figures of HSD.

Table 6.7. Comparison of specific fuel consumption result before and after the HSD
Durability Test — LSD Vs HSD

Engine loading condition Baseline  After After 200-hr & Average
(1) 200-hr  engine oil
replacement

100% LSD Vs HSD +1.0% +1.2%  +0.8% +1.0%
85% LSD Vs HSD +1.6% +15% +1.6% +1.6%
75% LSD Vs HSD +1.6% +1.4%  +1.5% +1.5%
50% LSD Vs HSD +1.2% +1.3% +1.3% +1.3%
25% LSD Vs HSD +1.4% +1.3% +1.1% +1.3%
Load Cycle (83% to 87% load)  +1.4% +15% +1.2% +1.3%
LSD Vs HSD

Overall average: +1.3%

Table 6.8. Comparison of specific fuel consumption result before and after the LSD
Durability Test — LSD Vs HSD

Engine loading condition Baseline  After After 200-hr & Average
") 200-hr  engine oil
replacement

100% LSD Vs HSD +1.4 +1.7 +1.7 +1.5
85% LSD Vs HSD +1.2 +2.0 +1.9 +1.6
75% LSD Vs HSD +0.8 +2.1 +1.9 +1.4
50% LSD Vs HSD +1.0 +2.1 +1.9 +1.5
25% LSD Vs HSD +0.9 +1.6 +1.9 +1.4
Load Cycle (83% to 87% load)  +1.2 +1.4 +1.5 +1.3
LSD Vs HSD

Overall average: +1.4%
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6.3. Durability Test

(a) Basic operational data

Hourly engine operational data, including power output, coolant temperature, air intake
temperature, exhaust gas temperature etc., were recorded to monitor the engine running
conditions. The result showed that the test engine was running in normal conditions
during the 200-hr Durability Test. Operational data of the Durability Test was recorded
and tabulated in Table 6.9. The Cummins engine completed both the 200-hr Durability
Tests without the need of replenishing engine oil. Note that this observation is not the
same as the Gardner engine (see Table 5.10). Based on the engine oil meter markings,
engine oil consumption was slightly larger for HSD than LSD though both cases did not
require oil replenishment.

Table 6.9. Basic information of the Durability Test

Test Parameter HSD LSD

Test period 2012/12/12 ~  2013/01/08 ~
2012/12/25 2013/01/23

Total running hours (Hour) 200 200

Constant power output maintained (kW) 186 186

The Cummins engine was encountered an engine failure on 19-Jan-2013 after 163-hr of
operation with LSD as the test fuel. The fuel metering pump was found inoperative and a
joint inspection with all relevant parties was conducted on 21-Jan-2013. The metering
pump was dismantled and found that all the 3 plungers in the metering pump were jammed
by a layer of wax like substance on surface, which was suspected to be due to the fuel
quality issue. The wax like substance should come from the impurities of the fuel but it
could be removed easily by thinner. Visual examination on the surface of jammed
plungers showed no sign of wear/ tear that would be expected if it were caused by

inadequate fuel lubricity properties. After the plungers had been cleaned, the pump was
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re-calibrated then installed onto the Cummins engine. The on-site test confirmed that the
repaired pump was working properly without any significant change in engine output
power and fuel consumption. The Durability Test was resumed around 4:00 pm on
21-Jan-2013. Some similar incidents were heard from other engine operations using the

fuel of the same supplier.

Since no major parts were repaired/ replaced after the inspection (except rubber seals and
overhaul gasket) and the bench test results showed that the metering pump was working
properly without significant performance shift after the incident and at the end of the
Durability Test (after the remaining 37-hr of high power operation and 2 sets Performance
Test). The SEM and LPEM examination results revealed that there was no abnormal

wear/ damage/ appearance change in metal surface (see Section 6.6).

Based on the afore-mentioned findings, it can be concluded that the incident did not cause
any damage to the major components in the metering pump or fuel system and the incident

may be considered as an isolated case.

(b) Fuel injector test

The fuel injector test results are tabulated in Tables 6.10 and 6.11 for HSD and LSD
Durability Test respectively. The test aimed to indicate fuel injector condition in
delivering and atomization of the fuel. The results obtained indicated that the amount of
fuel injection of all the injectors complied with their operation limit demonstrating that the
fuel deliveries are normal during the two Durability Tests. Atomization patterns injector
spray conditions for all the six injectors were found satisfactory for both HSD and LSD.
This is consistent with (1) the observation of pump plungers and injector nozzles by SEM
and LPEM; and (2) measured results of fuel lubricity in Tables 6.3 and 6.4 being well

below 460 pum.
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Table 6.10. Fuel injector test (HSD Durability Test)

Injector # Opening pressure complied with Nozzle atomization
operation limit? pattern
Injector 1 Yes Normal
Injector 2 Yes Normal
Injector 3 Yes Normal
Injector 4 Yes Normal
Injector 5 Yes Normal
Injector 6 Yes Normal

Table 6.11. Fuel injector test (LSD Durability Test)

Injector # Opening pressure complied with Nozzle atomization
operation limit? pattern
Injector 1 Yes Normal
Injector 2 Yes Normal
Injector 3 Yes Normal
Injector 4 Yes Normal
Injector 5 Yes Normal
Injector 6 Yes Normal

(c) Fuel metering pump check

Fuel injection pump was tested before and after the trial for HSD durability and LSD
Durability Tests. The testing reports were attached in Appendix VII. The test on fuel
delivery quantities and pressure settings were measured by a standard test equipment, and
was manually observed and recorded. All the results were found to fall within £ 3%
considered to be within the sensitivity range of the combined test equipment uncertainty
and human error. Thus, there is no significant difference before and after both the HSD
and LSD Durability Tests. This is consistent with (1) the observation of pump plungers
and injector nozzles by SEM and LPEM; and (2) measured results of fuel lubricity in

Tables 6.3 and 6.4 being well below 460 um.
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6.4. Engine Oil Analysis
The results of the engine oil analysis at 0, 100 and 200 hours are shown in Tables 6.12 and
6.13 for HSD and LSD Durability Tests respectively, complete reports can be found in
Appendix VII. The following points were observed from the results:
(@) Viscosity
As can be seen, there is an increase in viscosity over the 200 hours’ Durability Test and the
increase is +2.7% and +1.3% for HSD and LSD respectively. In other words, LSD rate of

viscosity increase is about half that of HSD.

(b) TBN

There is a fairly reduction in TBN over the 200 hours’ test period for the HSD (7.1%) but a
minor increase of 1.8% for the LSD. Both TBN values at 200-hr for HSD and LSD are
still within normal range. According to the engine oil manufacturer, engine oil need to be
changed when the TBN values drops below half of the original values. Thus, the
non-existent TBN depletion rate for LSD may potentially benefit the engine operation by
possible reduction of engine oil changing frequency. However, whether this reduction
can be achievable or not still depends on the viscosity depletion rate of the engine oil
which may happen after 200-hour. From the observed trend of viscosity during the
200-hour, results had been favourable to LSD and further support LSD benefit. In any

case, no conclusive statement can be drawn at this point of 200-hour operation.

(c) Elemental analysis

There was a general increase in metal concentrations in the engine oil over the 200-hr
testing due to engine wear. As can be seen from Tables 6.12 and 6.13, incremental metal
concentrations due to wear for HSD and LSD were more or less similar except higher iron

for HSD. It is also noted that there were some metals detected in the engine oil sample at
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0-hr of the HSD Durability Test, which may be due to the residual metals left after the 1%

engine oil replacement before the Durability Test.

(d) Comparison with results for Gardner engine

When compared with Tables 5.13/ 5.14 of engine oil analysis for Gardner engine, Tables
6.12/ 6.13 for Cummins engine showed comparatively better quality even after 200 hours:
less increase in viscosity, less depletion of TBN and less wear elements except iron.  This
can be explained by the fact that diesel of lower sulphur content produce less sulphur
dioxide/ sulphuric acid as explained in section 5.3. Based on the diesel analysis in
sections 5.1 and 6.1, weighted average sulphur content of HSD/ LSD over the 200 hours
(when engine oil analysis were measured) were as follow:

Gardner-HSD: 0.41% (normal as the nominal sulphur limit is 0.5%)

Gardner-LSD: 0.04%

Cummins-HSD: 0.17% (exceptionally low caused by lower sulphur batches in Dec 2012)

Cummins-LSD: 0.01%
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Table 6.12. Typical properties of Mobil Delvac MX 15W40 engine oils (HSD Durability

Test)
Test Parameter Spec. 0-hr 100-hr 200-hr  Change
(200hr -0hr)
Viscosity, ¢St @ 100°C 15.5 14.9 14.7 15.3 +0.4
Total Base Number (mg KOH/g) 10 11.2 10.7 10.4 -0.8

Wear Elements (ppm): Ag, Al, Cr, Ni, Sn which have less than 2 ppm are not shown

Cu 0 1 3 5 +4
Fe 0 3 17 27 +24
Mo 0 35 39 38 +3
Pb 0 0 0 2 +2

Table 6.13. Typical properties of Mobil Delvac MX 15W40 engine oils (LSD Durability

Test)
Test Parameter Spec. 0-hr 100-hr 200-hr  Change
(200hr -0hr)
Viscosity, cSt @ 100°C 15.5 15.0 14.8 15.2 +0.2
Total Base Number (mg KOH/g) 10 11.4 11.5 11.6 +0.2

Wear Elements (ppm): Ag, Al, Cr, Ni, Sn which have less than 2 ppm are not shown

Cu 0 0 1 2 +2

Fe 0 2 12 18 +16

Mo 0 35 38 37 +2
0

Pb 0 0 1 +1
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6.5. Scanning Electronic Microscope Examination
The components under SEM examination include fuel injector nozzles, injection plungers
and metering pump plungers, which were first examined before Durability Test as baseline;

and re-examined by dismantling from the engine and pump after the two Durability Tests.

Fuel injector assembly and fuel metering pump element section of the Cummins’s delivery

system are shown in Figures 6.1 and 6.2 respectively.
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METERING  “-—~PRE-NJECTION = INJECTION -

PURGING
Figure 9-8
Sequence of Events in Injecting Fuel.
(Courtesy of Cummins Engine Co.)
Index:

1—Cup 9—Fuel in 17—0 ring
2—Cup retainer 10—-0rifice 18—Nut
3—Barrel 11—0rifice gasket 19—Rocker lever
4—Plunger 12—Coupling 20—Adjusting screw
5—Check ball 13—Adapter 21—Push rod
6—Gasket 14—Spring 22—Tappet
7—Clip 15—Link 23—Camshaft lobe
8—Screen 16—Fuel out

Figure 6.1. Fuel injector assembly of Cummins delivery system
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Figure 9-26
FT (Type G} Yarizble Spaed AFC Fusl Pump and
' Fuel Flow.
[Crurtesy of Cummins Engire Go.}

Intlan:
1—Tachometar shaft 16—Pressurs regulator vahe
2—ldier gear and shaft 17 —Fuel from tilter
I—ARG piston 18—Throttlz shaft
4—V5 govermar weighis 19—Idle adjusting screw
5—Fuel to injactars 20—Spring spacer
E—Shut-down vale 21—High-speed =pring
—AFC contral plunger 22—iile =pring
B—AFC fuel barrel 23—Idle spring pimngar
9—VY5 governar piunger 24—Fuel adjusting scrow
10—YS idle zpring 2h---Filler scroen
T1—¥5 high-5pecd spring 26—GEovemor plunger
12—V5 throttle shaft 27 —-Tomue spring
13—Gear pump 28—HGovernar we ghls
14—Pulzation damper ZB—Gmvernar Asgisl plungar
13—AFC neadla wal A0—~dain shaft

Figure 6.2. Fuel metering pump element section of Cummins delivery system

The injector nozzles were examined by Hitachi S3400N VP SEM instrument and some

typical sample photo images of HSD are provided in Photos 6.1 to 6.5. Complete set of

photos taken can be obtained from the website: www.hktscl.com.hk/Temp/Microscope.rar.

As can be observed from these photos, the shapes and sizes of the nozzles remain the same
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after the 200-hr durability tests for both HSD and LSD cases. Some deposits were found
inside the nozzles of both HSD and LSD, which was identified to be mainly carbon and
oxygen (Photo 6.5). This may come from the unburned fuel deposited on some extruded
element inside the nozzles. In general, based on the SEM observations, no abnormal

finding and discrepancy could be identified for both the HSD and LSD cases.

$53400-1586 20.0kV 17.4mm x37 SE

Photo 6.1. Image of nozzle injection Photo 6.2. Image of nozzle injection
hole (Before HSD trial) hole (After HSD trial)

53400-1587 20.0kV 17.4mm x200 SE S$3400-3599 20.0kV 13.7mm x200 SE
Photo 6.3. Zoom up view of the Photo 6.4. Zoom up view of the
injection hole (Before HSD trial) injection hole (After HSD trial)
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IS pectrum 2

300m ' Electron Image 1
Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma
C 34.94 0.7023 41.17 1.12 58.30
(0} 26.73 0.7160 30.87 0.96 32.82
S 1.80 0.9248 1.61 0.14 0.85
Fe 27.05 0.8491 26.35 0.70 8.03
Spectrum 2
Background
C
o
Fe
B
3 Fe
||||||||||||||||||-.||-.|||||||||||||||||||||||||||||||
0 1 2 3 4 5 b 7 g =
Full Scale 1592 cts Cursor, -0.488 (0 cts) ke

Photo 6.5. Elemental analysis of substances in an injector’s nozzle hole after 200-hr HSD

durability test
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6.6. Low Power Electronic Microscope Examination
The surface finishes of the metering pump plungers and fuel injector plungers were
compared for both the HSD and LSD cases. Typical photos were shown in Photos 6.6 to
6.11 for the fuel injector plungers and metering pump plungers of the HSD while Photos
6.12to 6.17 showing the same components for the LSD case. Complete set of photos for
fuel injector assembly and fuel pump element section of Gardner delivery system can be

obtained from the website: www.hktscl.com.hk/Temp/Microscope.rar. The LPEM

examination showed that the surface finishes of the examined component did not exhibit
any significant changes before and after the Durability Test for both HSD and LSD. The
LPEM investigation indicated that there are no significant differences in the tear and wear

characteristics for both the HSD and LSD cases.
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Photo 6.6. Zoom up view of the fuel Photo 6.7. Zoom up view of the fuel
injector plunger (Before HSD trial) Injector plunger (After HSD trial)

Photo 6.8. Zoom up view of the fuel Photo 6.9. Zoom up view of the fuel

injector plunger (Before HSD trial) injector plunger (After HSD trial)

Photo 6.10. Zoom up view of the fuel Photo 6.11. Zoom up view of the fuel

metering pump plunger (Before HSD trial)  metering pump plunger (After HSD trial)
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Photo 6.12. Zoom up view of the fuel Photo 6.13. Zoom up view of the fuel
injector plunger (Before LSD trial) injector plunger (After LSD trial)

Photo 6.14. Zoom up view of the fuel Photo 6.15. Zoom up view of the fuel
injector plunger (Before LSD trial) injector plunger (After LSD trial)

Photo 6.16. Zoom up view of the fuel Photo 6.17. Zoom up view of the fuel

metering pump plunger (Before LSD trial)  metering pump plunger (After LSD trial)
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7.1

Error Analysis

Laboratory experiments involve taking measurements of physical quantities. It is
inevitable and unavoidable that measurement of physical quantity will introduce errors.
The discrepancy between the measured value and the true value of the quantity may arise
from different sources. No matter how careful in the measurement or accurate of the
instruments, error cannot be totally eliminated but can only be reduced in magnitude

through careful and well planned measurement methodology.

Types of errors

There are three types of errors during measurement: personal, systematic and random.

Personal errors arise from personal bias or carelessness in reading an instrument, in
recording observations, or in calculations. There are four pieces of instruments that have
been used in the present study: a current and a voltage sensor to measure the generator
output current and voltage, and a fluid flow meter to measure the fuel flow rate. The
current and voltage sensor output was connected to a power logger while the signal from
the flow meter was connected to a notebook computer. As all the measurement outputs
were digital and recorded by computer/logger, therefore no reading error or personal error

will be involved in the present study.

Systematic errors are associated with particular instruments or techniques. Improperly
calibrated instrument is one of the sources of this error. All the instruments used in
recording the results have been calibrated but the instrument still have instrumental error

which is normally indicated in the instrument’s specification.

Random errors also exist, which are resulted from unknown and unpredictable variations in
the experimental situation. Unpredictable fluctuations in temperature or in-line voltage are
the examples of random errors (also called accidental errors). Since the above
unpredictable variations or fluctuations normally exhibit for a short period of time, these
random errors can be reduced by repeating the measurement for a sufficient number of
times or by improving the experimental technique. In this study, the measurements of the

power and fuel flow were repeated a no. of times so as to reduce the random errors.
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7.2 Uncertainty determination
The uncertainty of a measurement signifies how close it comes to the true value, i.e., how
correct it is. The uncertainty of the present measurement is estimated in the following

paragraphs.

The following table shows the accuracy of all the relevant equipment used in the study:

Equipment Model Accuracy

Power logger Fluke power logger 1735 Intrinsic £0.7%; Operation +1.5%
Current sensor Fluke power logger 1735 +2% (estimated)

\oltage sensor Fluke power logger 1735 +2% (estimated)

Fuel flow sensor Oval M-111 LSF45L0-R1 +1%

For the determination of the specific fuel consumption SFC:

SFC = Fuel flow rate / Power

The error for determining each fuel flow rate data using the fuel flow sensor = +1%
Repeating and averaging the measurement can improve the accuracy and the error for n
repeated measurement can be determined as**:

(Error in each measurement)/ Vn.

Each fuel flow rate reading is obtained from an average of 180 data, so the error for each

fuel flow rate measurement = +£1%/\n = +1%/Y180 = +0.07%

The error in each power measurement = error in Current sensor + error in Voltage sensor +

error in power logger = 2% + 2% +0.7% +1.5% = 6.2%.

For the determination of maximum engine power, two to three instantaneous measurements
were taken, taking the worst case of two measurements, the error in maximum power
determination = (+6.2%)/\2 = 4.4%.

For determination of SFC at 100% power, 40 data was taken, while 20 data was taken for
the variable power (87% to 83% loading) measurement. So taking the worst case of 20 data
for the uncertainty estimation, the error involved in the SFC determination would be =

+6.2%/N20 = +1.39% (or +1.4%)
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Since the error in a division calculation A/B = error A + error B, therefore the error in each
SFC measurement = + (0.07% + 1.39%) = + 1.46%.

Three readings were taken to obtain the average SFC, so the error involved in the average
SFC

=+ 1.46%/3 =+0.84%.

The change in SFC for LSD wrt HSD is calculated by the following equation:
% change in SFC = (SFCLSD-SFCHSD)/SFCHSD X 100% = [(SFCLSD)/SFCHSD -1] x100%

Therefore, the error in each % change determination = £ (0.84 + 0.84%) = + 1.7%.
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Conclusions

(@ The maximum power of the Gardner and Cummins engine can be maintained for LSD
with respect to (wrt) HSD. There was a very minor drop (from +0.1% to -5%, average
-1.8%) for the Gardner but also a minor increase (-0.1% to +0.7%, average +0.4%) for the
Cummins engines respectively. However, these small variations are insignificant and

unnoticeable during actual operation.

(b) There was a small increase in specific fuel consumption (SFC) under constant load
conditions of an average of +1.1% (from -1.3% to +2.9%) and +1.4% (from +0.8% to
+2.1%) for the Gardner and Cummins engines respectively for LSD wrt HSD, which is in

line with the small net reduction in calorific values of the LSD wrt HSD.

(c) The change in SFC for load variation during operation is also small between the HSD
and LSD, with an average of +1.4% (from +0.8% to +3.0%) for Gardner and +1.3% (from

+1.2% to +1.5%) for Cummins.

(d) Error for maximum power determination and % SFC change was estimated to be

+4.4% and +£1.7% respectively, showing high accuracy for the results obtained.

(e) From the Durability Test, there was not much difference of fuel injectors and pump
wear due to fuels between HSD and LSD after the 200 hours’ operation, as indicated from
the fuel injector and pump performance tests, and microscopic examinations (SEM and

LPEM).

(f) There were some changes in engine oil characteristics indicating benefits when the fuel
was switched from HSD to LSD: slower decrease in TBN and slower increase in viscosity.

However, the wear elements in the engine oil did not show significant difference between

-62 -



HSD and LSD.

(g) There was an indication of lower engine oil consumption for LSD during the Gardner

engine testing, which however, is not obvious during the Cummins engine testing.

(h) The observations from the engine oil consumption and chemical analysis indicate some
advantages of the LSD fuel over HSD, which is in line with the USEPA’s” claimed benefits

on LSD.
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Appendix | - Terms of Reference and Membership of the Working Group

Working Group on Upgrading the Quality of Marine Light Diesel
RAmABEHMERTIENE

A. Terms of Reference H#E%iE

The Government has proposed to upgrade the quality of locally supplied marine diesel.
The Working Group shall offer assistance to the Government in:

(a) considering the technical and other relevant issues, such as the implications for
operation cost and fuel supply, concerning the initiative, and the practical measures for

addressing these issues;
(b) collating the views of local vessel trades on this initiative.

BT @B R A 1 B SO E =,

TE/NMEEBBIBAS , BENT
() ZBHEZNRMMNEMHEREEE , SIS ERANREEE REBSEEENE
BRAR ;

(b) WERBMAXAELEZINZR,

B. Membership of Working Group T4E/MER B8

The Working Group consists of 6 government officials, 14 local vessel operators, 1
Technical Advisor (see table below) and some experts on need basis.
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Appendix Il — Equipment List

1. Stamford Double Bearing Type AC Alternator ; Model D66-2158

2. Oval M-11l Flowmate Flowmeter ; Model LSF45L0-R1

3. Fluke Power Logger ; Model 1735

4. Deep Sea Electronics Control Module ; Model DSE 7220

5. DATAQ Count Data Logger ; Model DI-160

6. Graphtec midi logger ; Model GL200A

7. Hitachi Scanning Electron Microscope ; Model S3400N VP

8. Olympus Low Power Microscope ; Model SZ

9. Supereyes .Low Power Microscope ; Model AO05+

10. Resistive Load Banks ; Capacity upto 600A

11. Customised Load Bank for Small Power Adjustment ; Capacity 0 ~ 6 kW or 0 ~ 9A
12. 1AC 100mm (Thickness) Acoustic Panel with 48 kg/m®Infill Fiberglass

13. Fuel injector and fuel pump test bench
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Appendix 111 —Test Rig Arrangement
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Appendix 1V — Schematic Diagram of Instrument Setup
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Appendix V -Work Plan and Project Schedule

Milestone Date

23 July 2012

07 August 2012

09 August 2012

31 August2012

02 September 2012
25 September 2012
27 September 2012
26 September 2012
09 October 2012
12 October 2012
06 November 2012
08 November 2012
10 November 2012
10 November 2012

16 November 2012
05 December 2012
10 December 2012
12 December 2012
27 December 2012
28 December 2012
03 January 2013
07 January 2013
08 January 2013
24 January 2013
25 January 2013
28 January 2013
28 January 2013
18 February 2013
31 March 2013

Description

Award of tender

Submission of Inception Report

Collection of the overhauled Gardner engine from supplier
Performance test on HSD & LSD fuels (Gardner engine)

200-hour Durability Test on HSD fuel (Gardner engine)
Performance test on HSD & LSD fuels (Gardner engine)
Performance test on HSD & LSD fuels after engine oil replacement
Overhaul of fuel system (Gardner engine)

Performance test on HSD & LSD fuels (Gardner engine)

200-hour Durability Test on LSD fuel (Gardner engine)
Performance test on HSD & LSD fuels (Gardner engine)
Performance test on HSD & LSD fuels after engine oil replacement
Overhaul of fuel system (Gardner engine)

Return of Gardner & collection of overhauled Cummins engine
from supplier

Submission of Draft Interim Report

Submission of Final Interim Report

Performance test on HSD & LSD fuels (Cummins engine)

200-hour Durability Test on HSD fuel (Cummins engine)
Performance test on HSD & LSD fuels (Cummins engine)
Performance test on HSD & LSD fuels after engine oil replacement
Overhaul of fuel system (Cummins engine)

Performance test on HSD & LSD fuel (Cummins engine)

200-hour Durability Test on LSD fuel (Cummins engine)
Performance test on HSD & LSD fuels (Cummins engine)
Performance test on HSD& LSD fuels after engine oil replacement
Overhaul of fuel system (Cummins engine)

Return of Cummins engine

Submission of Draft Final Report

Submission of Final Report

-69 -



Appendix VI — Project Team and Division of Work

Professor Dennis Y.C. Leung is the principal investigator of the project team and Ir Sam

W.K. Cheng will assist him to coordinate the site works and test arrangements.

Technical staff will work at the test site on shift basis for conducting Performance and

Durability Tests. SEM and detailed analysis will be assisted by researchers in laboratories

at HKU.

Professor Dennis Y.C. Leung

(Principal Investigator)

Ir Sam W.K. Cheng
(Project Manager)

Mr. Jacky H.L. Chan

(Research Assistant)

Test Site
Supervisor x 1
Mechanics x 2

Electrician x 2

HKU Laboratory
Post-Doctoral Fellow x 1
Technician x 2
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Appendix VII — Diesel Fuel Analysis (SGS) — Gardner engine

27" August 2012
Report No. OGC/122192/HK (A)

REPORT OF ANALYSIS

THIS IS TO REPORT that we, 8.G.8. Hong Fong Ltd. did at the request of Messrs,
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel Oil.

We report as follows:

On 20™ August 2012, we received two (2) x 500m] samples contained in glase bottles which samples
were said to be product of Diesel Oil as instructed. The samples were collected from
ENVIRONMENTAL PROTECTION DEPARTMENT and delivered to owr SGS Laboratory for

analysis.

Sample Detail

H5D
11-AUG-12

Samples analysis date: 23" to 24™ August 2012

Test Unit Method Specification  Resuli
Lubricity at 60°C (W51.4) jm IS0 12156-1:2006 Max. 460 350
Met Calorific Value kL ASTM D240-09 - 36197
Dengity at 15°C o/l ASTM D4052-11 - 5305
Total Sulphur Content e m'm) ASTM D4294-10 - 0.399
Cetane Index (Procedure A)  Rating ASTM D4737-10 - 51.6

The sample will be retained for 90 days at our SGS Laboratory for reference,

This test report only with responsibility for received sample.
Thas report reflects our findings of the submitted sample only and does not refer to any other matter,

Precision parameters apply in the determination of above test results. Also refer 1o ASTM D3244 [P-
367 and Appendix E of IP Standard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications,

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Ltd. Laboratory, Hong Kong,
The above reflects our findings at time, date and place of inspection only.

Our intervention as above has been camried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

¥k ok W m W

"This ropon is Msuod by e Compaiy wueder ke Janaml Cenditiane for Inspoction andd Testing Services [oomy available upsn requisith. Tha issuance of this repert
Ooas Bk EXESETELE By S il Troen sxerciving sl their dghte and dechaging all thedr Habicas und e the Commet of Sale. Stgdatlans 10 1he contrery ane nat
it e Wik Cidoefni iy, Tha O pied’s rosspans bty under this roport (s limited fo proves regligence and will in ae cases be mans than ten fimes tee smount of
i b & comminsnn, Exeepl by specla) arangement, semgtes, IF draamn, wil not B retained by 1the Sampany for morn them thres months®

N I Mebnkser o v SO B rewsy (BAE EA)
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Appendix VII — Diesel Fuel Analysis (SGS) — Gardner engine

27 August 2012
Report No. OGC/122192/HK (B)

REPORT OF ANALYSIS

THIS IS8 TO REPORT that we, 5.G.5. Hong Kong Lid, did at the reguest of Messrs.
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel Oil.

We report as follows:

On 20" Aungust 2012, we received two (2) x 500ml samples contained in glass bottles which samples
were said to be product of Diesel il as instructed. The samples were collected from

ENVIRONMENTAL PROTECTION DEPARTMENT and delivered to our 8GS Labmatory for
analysis.

Sample Detail

L5D

11-AUG-12

Samples analysis date: 23" (o 24" August 2012

Test Unit Method Specification  Resunlf
Lubricity at 60°C (WS1.4) fem IS0 12156-1:2006 Max. 460 322
Net Calorific Value kIL ASTM D240-09 - 35608
Density at 15°C gL ASTM D4052-11 - 828.1
Total Sulphur Content Yl im/m) ASTM D4294-10 - 0.0421
Cetane Index (Frocedure A)  Rating ASTM D4737-10 - 56,8

The sample will be retained for 90 days at our 365 Laboratory for reference.

This test report only with responsibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to any other matter.

Precision parameters apply in the determination of above test results. Also refer to ASTM D3244 TP-
367 and Appendix E of IP Standard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications.

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Ltd. Laboratery, Hong Kong.
The above reflects our findings at time, date and place of inspection only.

Our intervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

# & & & & &

"Thie regart ix lssued b The Company undir lin Gesaral Cosdivicns for Inspactian and Tasting 5. Izapy Upan Pepastl, The isgdanos of This rapoe
o nat mesnerate burgers or 5 lars o enencEing all thiir rigiisend diohanging sl thair lisbilites undar the Sontreot of Sala. Stipulations 10 T conirry e fot
bimding on tho Company. Th Cempany's meponaliling usder This rapon s Imitad 1o preven neglipense and wal in no iae be mods @i heh i the srcent of
hie liks o comniision. Except by apecial arangamant, mmples, i draswn, will not be reiaieed by tho Comgany Tor mons tn tees s,
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Appendix VII — Diesel Fuel Analysis (SGS) — Gardner engine

28" Movember 2012
Report Mo, OGCT23192/HE (A)

REPORT OF ANALYSIS

THIS IS TO BEPORT that we, 5.G.5. Hong Kong Lid, did at the request of Messrs.
ERVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the produoct sample of
Diesel Oil.

We report as follows:

On 22™ November 2012, we collected one (1) % 500ml sample contained in glass bottle which sample
was said to be product of Diesel Oil as instructed.  The sample was collected from
ENVIRONMENTAL PROTECTION DEPARTMENT and delivered to our SGS Laboratory for
analysis.

Sample Detail

LsD
2012/11/20

Samples analysis date: 26™ to 27" November 2012

Test Uniit Method Specification  Resuli
Met Calorific Value kI/L ASTM D240-09 - 35530
Lubricity at 60°C (W81.4) £ 1 IS0 12156-1:2006 Mazx, 460 358
Diensity at 15°C gL ASTM D4052-11 - 8278
Total Sulphur Content Yo m/m) ASTM D4294-10 - 0.0411
Cetane Index (Proceduwre A)  Rating ASTM D4737-10 - 53.5

The sample will be retained for 90 days at our SGS Laboratory for reference.

This test report only with responsibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to any other matter,

Precizion parameters apply in the determination of above test results. Also refer to ASTM D3244 [P-
367 and Appendix E of IP Standard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications.

This test document can not be reproduced in any way except in full context without the prior approval
in writing from 3GS Hong Kong Ltd. Laboratory, Hong Kong,
The above reflects our findings at time, date and place of inspection only.

Our intervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

L L] L] ] L] L]

For and on-behalf of

“This repont |5 issued by tho Company under ila Goigral Comdlisas for napection and Tesing Servoes lcopy ovoloble upon regqueestl, The issuance of this repan
dns nolenan efate e of sdlar from aonaing all teir righty snd clechanging all heir Nebillies ander the Contrest of Sk, STipulsthong 0o e penlisfy 6 ol
linding on the Cemparny. The Company’s meponeisility wachsr this rapos is Beded oo proven nephgenia o will i no s bi i thiss bin Groes e smaund ol
tha feias &f éammimbon, Extept by spechil arsngamant, samples, @ dreswn. will not ba retained by te Compasy fer mens than shros manthe.
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Appendix VII — Diesel Fuel Analysis (SGS) — Gardner engine

27" November 2012
Report No. 0GC/123192/HK (B)

REPORT OF ANALYSIS

THIS Is TO REPORT that we, 5.G.5. Hong Kong Lid, did at the request of Messrs,
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel Oil.

We report as follows:

On 22" November 2012, we collected one (1) x 500m] sample contained in glass bottle which sample
was said to be product of Diesel Oil as instructed.  The sample was collected from
ENVIRONMENTAL PROTECTION DEPARTMENT and delivered to our 5GS Laboratory for
analysis.

Sample Detail

HSD
201 2/11/20

Samples analysis date: 26™ to 27" November 2012

Test Unit Method Specification  Result
Net Calorific Value LV ASTH D240-09 - 36315
Lubricity at 60°C (W51.4) pm 180 12156-1:2006 Max., 460 344
Density at 15°C &L ASTM DdD52-11 - 836.3
Total Sulphur Content Yalmim) ASTM D4294-10 - 0418
Cetane Index (Procedure A)  Rating ASTM D4737-10 - 50.1

The sample will be retained for 90 days at our SGS Laboratory for reference.

This test report only with respongibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to any other matter.

Precision parameters apply in the determination of above test results. Also refer to ASTM D3244 1P-
367 and Appendix E of IP Siandard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications.

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Ltd. Laboratory, Hong Kong.
The above reflects our findings at time, date and place of inspection only.

COwur intervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limiled to the exercise of reasonable care.

* &k # 2 %

F

“This rep=et Is Bsued by ghe Company under e Ganeral Conditlons for Inspotion ond Testing Sarvicas [espy avalisla tpon requesth, The suance of this repon
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Appendix VII — Diesel Fuel Analysis (SGS) — Cummins engine

24% December 2012
Report No. OGC/123426/HK (A)

REPORT OF ANALYSTS

THIS IS TO REPORT that we, S5.G.S. Hong Kong Ltd, did at the request of Messrs.
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel Oil.

We report as follows:

On 13" December 2012, we collected one (1) x 500ml sample contained in glass bottle which sample
was said to be product of Diesel Oil as instructed. The sample was collected from
ENVIRONMENTAL PROTECTION DEPARTMENT and delivered to our SGS Laboratory for
analysis.

Sample Detail

HSD
2012/12/07

Samples analysis date: 19" to 21* December 2012

Test Unit Method Result
Net Calorific Value kJ/L ASTM D240-09 36325
Lubricity at 60°C (WS1.4) fm IS0 12156-1:2006 369
Density at 15°C g/l ASTM D4052-11 8543
Total Sulphur Content Yo(mym) ASTM D4294-10 0.455
Cetane Index (Procedure A)  Rating ASTM D4737-10 49.7

The sample will be retained for 90 days at our SGS Laboratory for reference.

This test report only with responsibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to any other maiter.

Precision parameters apply in the determination of above test results. Also refer to ASTM D3244 IP-
367 and Appendix E of IP Standard Methods for Anzalysis and Testing for utilization of test data of
determine conformance with specifications,

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Ltd. Laboratory, Hong Kong.
The above reflects our findings at time, date and place of inspection anly.

Our intervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

* % & % % =%
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Appendix VII — Diesel Fuel Analysis (SGS) — Cummins engine

24" December 2012
Report No. OGC/123426/HK (B)

REPORT OF ANALYSIS

THIS IS TO REPORT that we, S.G.S. Hong Kong Itd, did at the request of Messrs.
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel Oil.

We report as follows:

On 13" December 2012, we collected one (1) x 500ml sample contained in glass bottle which sample
was said to be product of Diesel Oil as instructed. The sample was collected from
ENVIRONMENTAL PROTECTION DEPARTMENT and delivered to our SGS Laboratory for
analysis.

Sample Detail

LSD
2012/12/07

Samples analysis date: 19" to 21* December 2012

Test LUnit Method Result
Net Calorific Value kI/L. ASTM D240-09 35790
Lubricity at 60°C (WS1.4) Lm 180 12156-1:2006 384
Density at 15°C g/l ASTM D4052-11 332.0
Total Sulphur Content %4 m/m) ASTM D4294-10 0.0434
Cetane Index (Procedure A)  Rating ASTM D4737-10 55.7

The sample will be retained for 90 days at our SGS Laboratory for reference.

This test report only with responsibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to any other matter.

Precision parameters apply in the determination of above test results. Also refer to ASTM D3244 [P-
367 and Appendix E of IP Standard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications.

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Ltd. Laboratory, Hong Kong.
The above reflects our findings at time, date and place of inspection only.

Our intervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

% & & £ %

“This report s Isawad by 1he Company urder its General Conditions Tar Indpection and Tosting Servioes loopy svailskls upon requesth. The lsausmcs of this repart
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the fees ar commissicn. Excaps by spacisl arangrment, samples, i deawn, will net ba miained by the Compary for mom than three monthe”
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Appendix VII — Diesel Fuel Analysis (SGS) — Cummins engine

6™ February 2013
Report No. 0GC/130323/HK (A)

REPORT OF ANALYSIS

THIS IS TO REPORT that we, 5.G.S. Hong Kong Ltd., did at the request of Messrs.
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel Oil.

We report as follows:

On 317 January 2013, we collected one (1) x 500ml sample contained in glass bottle which sample
was said to be product of Diesel OQil. The sample was collected from ENVIRONMENTAL
PROTECTION DEPARTMENT and delivered to our SGS Laboratory for analysis.

Sample Detail

HSD 2013/01/22
Performance

Samples analysis date: 4™ to 5™ February 2013

Test Unit Method Result
Net Calorific Value kI/L ASTM D240-09 36485
Lubricity at 60°C (WS1.4) (£m [SO 12156-1:2006 349
Density at 15°C gL ASTM D4052-11 8569
Tatal Sulfur Content Ya(m/m) ASTM D4294-10 0.170
Cetane Index (Procedure A) Rating ASTM D4737-10 50.5

The sample will be retained for 90 days at our SGS Laboratory for reference.

This test report only with responsibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to any other matter.

Precision parameters apply in the determination of above test results. Also refer to ASTM D3244 1P-
367 and Appendix E of IP Standard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications.

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Ltd. Laboratory, Hong Kong.
The above reflects our findings at time, date and place of inspection only.

Our infervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

* * #* % * #*
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the Tees or comimission, Except by special arangement, samples, iF dravwn, will not be seained by the Company for more than three manths.”

Bina e fek Famfias o tha SLS Arsam (565 RAl

-77 -



Appendix VII — Diesel Fuel Analysis (SGS) — Cummins engine

6™ February 2013
Report No. 0GC/130323/HK (B)

REPORT OF ANALYSIS

THIS IS TO REPORT that we, 5.G.3. Hong Kong Ltd., did at the request of Messrs.
ENVIRONMENTAL PROTECTION DEPARTMENT to carry out analysis for the product sample of
Diesel il

We report as follows:

On 31 January 2013, we collected one (1) x 500ml sample contained in glass bottle which sample
was said to be product of Diesel Oil. The sample was collected from ENVIRONMENTAL
PROTECTION DEPARTMENT and delivered to our 3GS Laboratory for analysis.

Sample Detail

LSD 2013/01/22
Performance

Samples analysis date: 4" to 5™ February 2013

Test Unit Method Result
Net Calorific Value k'L ASTM D240-09 35685
Lubticity at 60°C (WS1.4) Lm IS0 12156-1:2006 349
Density at 15°C gL ASTM D4052-11 827.4
Total Sulfur Content %(m/m) ASTM D4294-10 0.0165
Cetane Index (Procedure A) Rating ASTM D4737-10 543

The sample will be retained for 90 days at our SGS Laboratory for reference.
This test report only with responsibility for received sample.
This report reflects our findings of the submitted sample only and does not refer to eny other matter.

Precision parameters apply in the determination of above test results. Also refer to ASTM DD3244 TP-
367 and Appendix E of IP Standard Methods for Analysis and Testing for utilization of test data of
determine conformance with specifications.

This test document can not be reproduced in any way except in full context without the prior approval
in writing from SGS Hong Kong Lid. Laboratory, Hong Kong.
The above reflects our findings at time, date and place of inspection only.

Our intervention as above has been carried out to the best of our knowledge and ability and our
responsibility is limited to the exercise of reasonable care.

* * # 4 * *

For and on behalf of
8.G.5 g Tong Kong Ltd.

.';Z;- .-‘:;1 /?ﬁm;\{\

- ~ ; .,..\

: T o
Authorizeg”Signature ﬁ@"”
Co e

“Thia repart i5 tssund by the Comparny undar s Genaral Conditians for Inspection and Testing Services Icopy svailatle wpon reqeest], The ixssanca of (BE repon
does not axorwrate buyars or sslless Irom eomsising all thair dghis and discharging all thelr labalites undor the Contract of Sale. Stipulations ta the comrany are not
bindng on tha Company. The Company®s rasponsibility under this repart is Emited to proven negligenae and will = no case be mons then ten limes the amount ef
the fees or commission. Except by special arangament, samghes, i1 drasin, will ot ba retained by the Company for mone then theee months.”

Nl T ) Birmbar nl i RAS Grann (265 245

-78 -



Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Gardner-HSD (International Diesel Engineering Co.)

i i 1 § % Sanica For
International Diesel Engineering Co. B e i
I RPN o5 e
ASSOCIATION OF‘ Equipment Instalation
G/F., 8 Ping Lan Streel, Aplichau, DMESEL SPECIALISTS
Aberdeen, Hong Kong MEMEBER
Telephone: (852) 2555 3839 (ATHORIZED SERVICEE AGENT)

Facsimile: (852) 2870 0539 SR P )

REPORT
Kt A TRA Date: 27-8-2012

Make of pump:Gardner 6LXB
Serial No :Nil

Pump Type :BPF3B75C56704
Engine No. :235352

This is to certify that One Off Gardner 6LXB Fuel Pump & Six pes Fuel Injectors
have been brought to us for overhauling and calibration, after
complete overhauling and calibration they are tested 1in

accordance with factory specification as follows and certified
in good operating condition,with results within normal range.

1 2 3 4 S 6 7 8

REM 600 ot | S55cc| S6ee] S35ce|] 55ce| 55¢ce] 5.6¢cc cc| e
Contrel Red Openings 12wd | 12 0cc| 12.0¢c| 12.0ce| 12.0ce| 12.0ce| 12.0cc cel” ce
Per 200  strokes 18mv | 27.1cc| 27.2¢ce| 27 lce| 27.1cc| 27.2¢c| 27.2¢cc ~cc cC
RPM 200 oMM 2.5¢¢| 2.6¢c|] 2.6¢cc] 2.5¢ce] 2.5¢ce] 2.6¢c ce _~CC
Control Rod Openings 12MM | 95cc| 95ce| 95cc| 95ce] 9.5ce| 9.5cc et ce
Per 200 Strokes 18MM | 24.2cc| 24.2cc]| 24.1cc| 24.2cc] 24.1cc| 24.2¢c] " cc ce
Governor Cutting In Speed 950 RPM

Per 200 Strokes Max Fuel Setting 850 RPM 23.0 &c
Idling Speed 300 RPM 2.0 cc

Gardner Injector are set and
1 2 3 4 5 6

opening pressure of Ib/IN? | 2000 | 1398 | 1395 | 2000 | 1992 | 2000
2ll injectors showed satisfactory atomisation pattern, with spray
angle within normal range, no fuel blockage nor leakage.

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

Services Manager
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Gardner-HSD (International Diesel Engineering Co.)

A ; ; 2 SiEsaE as
International Diesel Engineering Co. ot ok

PRI ARG e
Equiprment Instaliason

GIF., 8 Ping Lan Street, Aplichau, DIESEL SPECIALISTS @
Aberdeen, Hong Kong. ME MBE R

Telephone: (652) 2555 3839 mvng:semcssncem
(43 24 o
Facsimite: (852) 2870 0539 e EOE 2 21 B B

REPORT
KBS mEaRAH Date: 4-10-2012

Make of pump:Gardner GLXB
Serial No :Nil

Pump Type :BPF3B75C56704
Engine No. :235352

This is to certify that One Off Gardner 61.XB Fuel Pump & Six pes Fuel Injectors.

have been brought tc us for overhauling and calibration. All figures
shown from this report were after testing for 200 hours. They were
tested in accordance with factory specification as follows and
certified in good operating condition,with results within normal range.

1 2 3 4 5 6 7 5]

REM 600 amMM 55cc] 5.6¢e| S.5¢e| S5.5ce| S5.5¢ce]| 5.6¢c cC _~C
Control Rod Openings 12w | 12.0cc| 12.0cc| 12.0cc| 12.0cc| 12.0ce| 12 0ce cof” e
Par 200 Strokes 18MM | 27 lcc] 27.2cc| 27.1cc| 27 lcc] 27.2¢cc| 27.2¢c] ~ cc cC
REM 200 o | 25ce] 2.6¢ce] 2.6ce] 2.5cc] 2.5ce| 26cc cc]
Control Rod Openings 12MM 9.5ce| 9.5¢cc] 9.5¢ce] 9.5¢ce] 9.5¢ce| 9.5cc cof” cC
Per 200 Strokes 18MM | 24.2cc| 24.2cc| 24.1cc| 24.2¢c| 24.1cc| 24.2¢cc cc cC
Governor Cutting In Speed S50 RPM

Per 200 Strokes Max Fuel Setting 850 RPM 23.0 cc
Idling Speed 300 RPM 2.0 cc

Gardner Injector are set and
1 2 3 4 5 6

w

opening pressure of Ib/IN? | 1850 | 1840 | 1850 | 1860 | 1850 | 1940
All injectors showed satisfactory atomisation pattern, with spray
angle within normal range, nc fuel blockage nor leakage.

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

Fok Kam Hung

Services Manaqer\ )
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Gardner-LSD (International Diesel Engineering Co.)

' : - ——
International Diesel Engineering Co. e T

e - Automobie Electrics
£ A o 7D i
*  Equipment Instalaton
G/F., 9 Ping Lan Street, Aplichau, QIESEL SPECIALISTS
Aberdeen, Hong Kong. ME MBE R
T " \ JAUTHORZED SERVICES AGENT)
.omgnone [5_52,2555 3839 (434 AR P )
Facsimile; (852) 2870 0538 o

REPORT

ﬁmﬁﬁbﬁzﬁﬁﬁlﬁé}a Date: 5-10-2012

Make of pump:Gardner 6LXB
Serial No :Nil

Pump Type :BPF3B75C56704
Engine No. :235352

This is to certify that One Off Gardner 6LXB Fuel Pump & Six pcs Fuel Injectors.
have been brought to us for overhauling and calibration, after
complete overhauling and calibration they are tested in
accordance with factory specification as follows and certified
in good operating condition,with results within normal range.

1 2 3 4 5 6 7 8

RPM 600 Py 56¢cc| 5.5¢e| 5.5¢cc] 5.6¢ec] 5.5¢cc| S.dce cc _CC
Control Rod Openings 12mM | 12.0cc| 12.0cc| 12.0cc| 12.0cc| 12.0cc| 12.0ce 7
Per___ 200 strokes 18mv | 27.2cc| 27.1cc| 27.2cc| 27.2cc| 27.1ccf 27.1cc] - cc cc
REM 200 S ¥ 2.6¢cc|] 2.5¢e] 25¢ce] 2.6¢c] 2.5cc] 2.5¢cc cC _ACC
Control Rod Openings 124 | 9.5¢c¢| 9.5¢ce] 9.5¢e| 9.5ce] 9.5cef 9.5cc [+
Per 200 Strokes 18md | 24.1cc| 24.1cc| 24.0cc| 24.1cc| 24.1cc| 24.0cc| — cc [
Governor Cutting In Speed 950 RPM

Per 200 Strokes Max Fuel Setting 850 RPM 23.0 cc
Idling Speed 300 RPM 2.0 co

Gardner Injector are set and
1 2 3 4 5 6

opening pressure of Ib/IN? | 195% | 2000 | 2000 | 1599 | 1998 | 1999
All injectors showed satisfactory atomisation pattern, with spray
angle within normal range, no fuel blockage nor leakage.

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

[ L
— Z) /7. 7
KA Sl v
Fok Kam Hung P
Services Managexr’
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Gardner-LSD (International Diesel Engineering Co.)

i i i i Specialist Sarvios F
International Diesel Engineering Co. A e eyt
“Je - l\mnunE

;t lg /A\\ O—] Eiactnca'."Mok::?cal

(.
ASSOCIATION OF  couipment Instalador

G/F.,9 Ping Lan Street, Aplichau, IESEL SPECIALISTS DELPHI
- :
Aberdeen. Hong Kong M EMBER —
Telephone: (852) 2555 3839 PR o)
(FF SR )

Facsimile: (852) 2870 0539

REPORT

K aREAT Date: 12-11-2012

Make of pump:Gardner 6LXB
Serial No :Nil

Pump Type :BPF3B75C56704
Engine No. :235362

This is to certify that One Off Gardner 6LXB Fuel Pump & Six pcs Fuel Injectors.

have been brought to us for overhauling and calibraticon. All figures
shown from this report were after testing for 200 hours. They were
tested in accordance with factory specification as follows and
certified in good operating condition,with results within normal range.

1 2 3 4 5 6 7 8

REM 600 e 54cc| 5.6cc| Sdcec| 5.5ce] 55cc] S6cc cc _~C
Control Rod openings 12w | 11.8cc| 12.0cc| 11.8cc] 12.0cc| 12.0cc| 12.0cc cet”  cc
Per 200 strokes 18md | 27.0cc| 27.2¢c| 27.0cc| 27 1cc| 27 2co| 27.2¢c¢] — cc cc
RPM 200 Gt 2.4cc] 2.6¢cc] 2.5cc] 2.5¢c¢] 2.5cc] 2.6¢cc cel e
Control Rod Openings 124 | 94ce| 9.5cc| 9.4cc|] 9.5ce| 9.5cc] 9.5¢c [0 R
Per 200 Strokes 184 | 24.1cc| 24 2cc| 24.0cel 24.2¢cc] 24.1cc| 24.2¢cc] 7 cc cc
Governor Cutting In Speed 950 RPM

Per 200 Strokes Max Fuel Setting 850 RPM 23.0 cc
Idling Speed 300 RPM 2.0 cc

Gardner Injector are set and
1 2 3 4 5 6

opening pressure of Ib/IN? | 1950 | 1800 | 1300 | 1900 | 1820 | 1850
All injectors showed satisfactory atomisation pattern, with spray
angle within normal range, no fuel blockage nor leakage.

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

A 7
Services Manager |
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Cummins-HSD (International Diesel Engineering Co.)

International Diesel Engineering Co. : b iy O
Automotie Electics

% ig‘ /L\\ é] i% Electrical | Mechasnical

*  Egupment Instaliation

ASSO
G/F., 9 Ping Lan Street, Aplichau, DIESEL SPECIALISTS @
Aberdeen, Hong Kong M EMZBETR

Telephone: (852) 2555 3839 P vrrrriaral
Facsimile: (852) 2870 0539 ELEphal iy o

REPORT
RSl aRE AT Date:3-12-2012

Make of pump:Cummins NTA-855-M
Serial No :Nil

Pump Type :Nil

Engine No. :30339985

This is to certify that One Off Cummins Diesel Fuel Pump & Six pcs Fuel Injectors
have been brought tc us for overhauling and calibration, after
complete overhauling and calibration they are tested 1in
accordance with factory specification as follows and certified
in good operating condition, within normal range.

(A). Calibration Fuel Pump Values

200 c.c. (@ 600 RP.M. (Idle Speed)

169 P.S.1. @2100 R.P.M. (482 Flow Reading)

112P.S.1. @1500 R.P.M. (392 Flow Reading)
Engine cut off speed : 2450 RPM

(B). Calibration Fuel Injector Values

(1) 191.5 c.C. (7) c.c
(2) 191.0 c.c. (8) Pl c.c
(3) 191.3 c.c. (9) 7 c.c
(4) 1917 c.c. (10) c.c
(5) 192.1 c.C. (11) c.c
(6) 192.9 C.C. (12) c.C

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

Services Manager
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Cummins-HSD (International Diesel Engineering Co.)

Internati i i i X Spedialist Service For
ernational Diesel Engineering Co et i
A% - Ausomobile Evacrics
ia lﬁ 4\\ ‘;] 3 Electrical / Mechanica
ASSOCIATION OF  Faupmen Instalaton
G/F .S Ping Lan Street, Aplichau DIESEL SPECIALISTS
Aberdeen, Hong Kong. MEMEBETR

AUTHOREED SERVCES AGENT)

Telephone: (852) 2555 3839 (545 AR )

Facsimile: (852) 2870 0539

REPORT
Kk B i A PR ] Date:2-1-2013

Make of pump:Cummins NTA-855-M
Serial No :Nil

Pump Type :Nil

Engine No, :30339985

This is to certify that One Off Cummins Diesel Fuel Pump & Six pcs Fuel Injectors.
have been brought to us for overhauling and calibration, All
Figures show from this report were after testing for 200 hours.
They were test in accordance with factory specification as
follows and certified in good operating condition, with results
within normal range.

(A) . Calibration Fuel Pump Values

200 c.c. @ 600 RPM (1dle Speed)
169 P.S1 @2100 RP M (472 Flow Reading)
117P.SL @1500 RPM (386 Flow Reading)

Engine cut off speed : 2450 RP.M.

(B). Calibration Fuel Injector Values

(1) 191.1 c.c. (7) c.c.
(2) 191 4 . C. (8) P c.C;
(2) 191.2 c.c. (9) / c.c.
(4) 191.8 c.c. (10) # c.c.
(5) 192.5 c.a. (1 c.q.
(6) 192.1 c.c. (12) / c.c.

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

C TF e
h

b LA Y (S A
Fok Kam Hung
Services Manager

—
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Cummins-LSD (International Diesel Engineering Co.)

International Diesel Engineering Co. i i A

s = Automobise Execrics
koo 3 7S e
ASSOCIATION GO Capment ngtaliaton
DIESEL SPECIALISTS
M EMBENR

G/F., 9 Ping Lan Street, Aplichau

Aberdeen, Hong Kong i o -
! HORUED SERACES AGENT]
Telephone: (852) 2555 3839 (A OB )

Facsimile: (852) 2870 0539
REPORT

KB o AR A F Date:5-1-2013

Make of pump:Cummins NTA-855-M
Serial No :Nil

Pump Type :Nil

Engine No. :30339985

This is to certify that One Off Cummins Diesel Fuel Pump & Six pcs Fuel Injectors.
have been brought to us for overﬁauling and calibration, after
complete overhauling and calibration they are tested in

accordance with factory specification as follows and certified
in good operating condition, within normal range.

(A) . Calibration Fuel Pump Values

200 c.c. @ 600 RPM. (Idle Speed)

169PS1 @2100 RP.M (482 Flow Reading)

113PS1 @1500 RPM (388 Flow Reading)
Engine cut off speed : 2450 R P M.

(B). Calibration Fuel Injector Values

(1) 191.9 c.c. (7) A c.c.
(2) 191.8 c.C. (8) c.c.
(3) 191.7 cic. (9) &.a.
(4) 191.5 c.c. (10) C.0.
(5) 191.5 c.c. (11) c.c.
(6) 192.8 C:ies (12) (= 7> I

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

/ —

Fok Kam ﬁuﬁg >T
Services Manager
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Appendix VII — Reports on Performance of Fuel Pump and Fuel Injectors:

Cummins-LSD (International Diesel Engineering Co.)

International Diesel Engineering Co. a e virppgaivinn IR
N . Aporoblle Eecyrics
%.4 ifi }/—\\ ‘;;.I Ervclica ! Mediaics

* Qaprect relalaton
ASSOCIATION OF Eqpme

DIESEL SPECIALISTS

2'F..9Pin nStraet, Aplichaa,
R Rl kel 4 M EMA3ER

Anerdeen, Hong Kong. NTHOREID ORI AN
Telephona: (852) 2555 3839 AR AR
Facsimila: (452) 2670 0539 : '

REPORT
R G R AE Data:28-1-2013

Make of pump:Cummins NTA-855-M
Serial No :Nil

Pump Type :Nil
Engine No, :30339985

This is to certify that One Off Cummins Dicscl Fucl Pump & Six pes Fuel lojectors.
have been brought te us for overhauling and calibration. All figures
shown from this report were after testing for 200 hours. They were
tested in accordance with factory specification as follows and
cartified in good cperating condition,with results within normal range.

(a) . Calibration Fuel Pump Values

200 c.c. @ 60ODR PM ([dle Speed)

162 P.S.L @2100 R.PM. (477 Flow Reading)

117PSI i@ 1500 R.P. M. (383 Flow Reading)
Engine ocut off speed : 2450 R P.M.

(B). Calibration Fuel Injector Values

(1) 186.0 c.c. (N S c.c.
(2) 187.8 c.c. (8) p c.a.
(3) 188.5 c.c. (%) A c.c.
(4) 187.2 c.c. (10) rd c.c.
(5) 1882 c.C. (11) c.c.
(6) 187.5 c.c. (12) c.a.

For and on behalf of
INTERNATIONAL DIESEL ENGINEERING CO.

|
i, A

Services Manage!
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Appendix VII — Engine Oil Analysis Reports (HSD Durability Test) — Gardner

engine
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Appendix VII — Engine Oil Analysis Reports (LSD Durability Test) — Gardner

engine
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Appendix VII — Engine Oil Analysis Reports (LSD Durability Test) —

Cummins engine
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Appendix VII — Specific Fuel Consumption Data (Gardner Performance Tests

of HSD Durability Test)

HSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) Baseline Baseline LSD Vs HSD
Load - 100% 0.265 0.262 -1.3%
Load - 85% 0.262 0.262 0.1%
Load - 75% 0.266 0.269 1.2%
Load - 50% 0.299 0.298 -0.3%
Load - 25% 0.420 0.415 -1.0%
Load - 83% 0.263 0.267 1.6%
Load - 85% 0.263 0.267 1.3%
Load - 87% 0.263 0.263 -0.1%
Load - 85% 0.263 0.265 0.7%
Load - 83% 0.263 0.265 0.9%
Overall result for load variations 0.263 0.266 0.9%

83% ~ 85% ~ 87%

HSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) After 200-hr After 200-hr LSD Vs HSD
Load - 100% 0.290 0.292 0.7%
Load - 85% 0.291 0.293 0.6%
Load - 75% 0.295 0.297 0.6%
Load - 50% 0.327 0.333 1.9%
Load - 25% 0.461 0.471 2.0%
Load - 83% 0.290 0.290 0.0%
Load - 85% 0.290 0.292 0.8%
Load - 87% 0.289 0.295 2.2%
Load - 85% 0.290 0.293 1.1%
Load - 83% 0.289 0.292 0.9%
Overall result for load variations 0.289 0.292 1.0%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Gardner Performance Tests

of HSD Durability Test)

HSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption After 200-hr After 200-hr LSD Vs HSD
(I’'kWh) and engine oil and engine oil

replacement replacement
Load - 100% 0.289 0.293 1.4%
Load - 85% 0.289 0.292 0.9%
Load - 75% 0.293 0.296 1.1%
Load - 50% 0.328 0.332 1.2%
Load - 25% 0.464 0.469 1.2%
Load - 83% 0.290 0.293 1.1%
Load - 85% 0.289 0.292 1.0%
Load - 87% 0.288 0.292 1.6%
Load - 85% 0.287 0.292 2.0%
Load - 83% 0.289 0.292 1.1%
Overall result for load variations 0.289 0.292 1.3%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Gardner Performance Tests

of LSD Durability Test)

LSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) Baseline Baseline LSD Vs HSD
Load - 100% 0.301 0.304 1.1%
Load - 85% 0.297 0.301 1.2%
Load - 75% 0.301 0.304 1.1%
Load - 50% 0.337 0.340 1.1%
Load - 25% 0.478 0.481 0.6%
Load - 83% 0.298 0.302 1.2%
Load - 85% 0.300 0.302 0.7%
Load - 87% 0.298 0.301 0.8%
Load - 85% 0.299 0.300 0.4%
Load - 83% 0.298 0.301 1.0%
Overall result for load variations 0.299 0.301 0.8%

83% ~ 85% ~ 87%

LSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) After 200-hr After 200-hr LSD Vs HSD
Load - 100% 0.294 0.302 2.6%
Load - 85% 0.292 0.300 2.7%
Load - 75% 0.295 0.303 2.6%
Load - 50% 0.333 0.339 1.9%
Load - 25% 0.475 0.481 1.3%
Load - 83% 0.294 0.303 2.9%
Load - 85% 0.293 0.301 2.8%
Load - 87% 0.292 0.302 3.2%
Load - 85% 0.292 0.300 2.5%
Load - 83% 0.294 0.300 2.2%
Overall result for load variations 0.293 0.301 2.7%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Gardner Performance Tests

of LSD Durability Test)

LSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption After 200-hr After 200-hr LSD Vs HSD
(I’'kWh) and engine oil and engine oil

replacement replacement
Load - 100% 0.294 0.302 2.9%
Load - 85% 0.291 0.299 2.6%
Load - 75% 0.295 0.303 2.5%
Load - 50% 0.332 0.339 2.0%
Load - 25% 0.474 0.482 1.6%
Load - 83% 0.294 0.302 2.7%
Load - 85% 0.291 0.300 2.9%
Load - 87% 0.291 0.301 3.5%
Load - 85% 0.292 0.301 3.3%
Load - 83% 0.292 0.300 2.7%
Overall result for load variations 0.292 0.301 3.0%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Cummins Performance

Tests of HSD Durability Test)

HSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) Baseline Baseline LSD Vs HSD
Load - 100% 0.283 0.285 1.0%
Load - 85% 0.286 0.290 1.6%
Load - 75% 0.295 0.300 1.6%
Load - 50% 0.331 0.335 1.2%
Load - 25% 0.451 0.457 1.4%
Load - 83% 0.290 0.294 1.6%
Load - 85% 0.287 0.291 1.3%
Load - 87% 0.286 0.288 0.9%
Load - 85% 0.287 0.291 1.4%
Load - 83% 0.289 0.293 1.5%
Overall result for load variations 0.288 0.291 1.4%

83% ~ 85% ~ 87%

HSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) After 200-hr After 200-hr LSD Vs HSD
Load - 100% 0.282 0.286 1.2%
Load - 85% 0.292 0.296 1.5%
Load - 75% 0.301 0.305 1.4%
Load - 50% 0.338 0.342 1.3%
Load - 25% 0.462 0.468 1.3%
Load - 83% 0.294 0.300 2.0%
Load - 85% 0.294 0.297 1.1%
Load - 87% 0.291 0.294 0.9%
Load - 85% 0.292 0.296 1.6%
Load - 83% 0.293 0.299 1.9%
Overall result for load variations 0.293 0.297 1.5%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Cummins Performance

Tests of HSD Durability Test)

HSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption After 200-hr After 200-hr LSD Vs HSD
(I’'kWh) and engine oil and engine oil

replacement replacement
Load - 100% 0.285 0.287 0.8%
Load - 85% 0.292 0.297 1.6%
Load - 75% 0.301 0.306 1.5%
Load - 50% 0.339 0.343 1.3%
Load - 25% 0.463 0.468 1.1%
Load - 83% 0.292 0.299 2.4%
Load - 85% 0.296 0.297 0.3%
Load - 87% 0.291 0.295 1.3%
Load - 85% 0.293 0.296 1.2%
Load - 83% 0.294 0.297 0.7%
Overall result for load variations 0.293 0.297 1.2%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Cummins Performance

Tests of LSD Durability Test)

LSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) Baseline Baseline LSD Vs HSD
Load - 100% 0.283 0.287 1.4%
Load - 85% 0.292 0.296 1.2%
Load - 75% 0.302 0.305 0.8%
Load - 50% 0.340 0.343 1.0%
Load - 25% 0.464 0.468 0.9%
Load - 83% 0.294 0.300 2.0%
Load - 85% 0.293 0.295 0.9%
Load - 87% 0.290 0.293 1.1%
Load - 85% 0.292 0.295 1.2%
Load - 83% 0.295 0.297 0.9%
Overall result for load variations 0.293 0.296 1.2%

83% ~ 85% ~ 87%

LSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption (I/kWh) After 200-hr After 200-hr LSD Vs HSD
Load - 100% 0.284 0.289 1.7%
Load - 85% 0.293 0.298 2.0%
Load - 75% 0.302 0.308 2.1%
Load - 50% 0.339 0.346 2.1%
Load - 25% 0.465 0.473 1.6%
Load - 83% 0.298 0.299 0.3%
Load - 85% 0.295 0.300 1.8%
Load - 87% 0.293 0.298 1.4%
Load - 85% 0.295 0.299 1.5%
Load - 83% 0.295 0.301 2.1%
Overall result for load variations 0.295 0.299 1.4%

83% ~ 85% ~ 87%
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Appendix VII — Specific Fuel Consumption Data (Cummins Performance

Tests of LSD Durability Test)

LSD 200-hr Durability Test HSD LSD % variation
Specific fuel consumption After 200-hr After 200-hr LSD Vs HSD
(I’'kWh) and engine oil and engine oil

replacement replacement
Load - 100% 0.284 0.289 1.7%
Load - 85% 0.293 0.299 1.9%
Load - 75% 0.302 0.307 1.9%
Load - 50% 0.339 0.345 1.9%
Load - 25% 0.465 0.474 1.9%
Load - 83% 0.298 0.301 1.1%
Load - 85% 0.296 0.300 1.4%
Load - 87% 0.293 0.298 1.5%
Load - 85% 0.293 0.299 1.8%
Load - 83% 0.295 0.300 1.8%
Overall result for load variations 0.295 0.299 1.5%

83% ~ 85% ~ 87%
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Appendix VIII — Sample Log

The University of Hong Kong
Department of Mechanical Engineering

Marine Engine Tests on Laboratory Sertting

Performance Test
Engine Make: _Gardner Model: _6LXE
Engine rated output: _111.85kW i@ 1.650 rpm Test cell temperature: 32 _°C

Alternator cutput voltage: 380 W Maximmm cutput current: _ 133 A
Frequency: 35 H= Fuel Type: _HSD [ IED

Maximum power at 1,650 BPM: 118 EW/ 118 EW/ 118 kW

Time | Load Alternator Voltage Cell temperature Fuel Engine
output power / Humidity | consumption | speed

Yo kW ACV "C/% L /hr EPM

Trail 1
15 min | 100 ] 119 / 380 32T [ 40% 26.0 1656
15 min B5 75 19 /380 34°C 7 36% 223 1,650
15 min 75 66 219 / 380 IS"C 1 33% 201 1,650
15 min 50 + 219 / 380 3IFC 7 31% 151 1,653
15 min 15 21 19 /380 I5°C [ 31% 104 1,650
3 min B3 73 219 / 380 35°C 7 31% 21.9 1,656
3 min 85 75 219 /380 IG°C [ 31% 114 1,653
3 min 87 77 219 /380 IG°C ¢ 31% 23.0 1650
3 min 85 75 19 /380 36°C ¢ 31% 225 1,656
3 min LE] 73 219 / 380 IG°C 1 30% 18 1,650
Trail 2
15 min 100 BB 219 / 380 34°C 1 33% 26.3 1656
15 min B5 75 219 / 380 ITC 7 29% 214 1,650
15 min 75 67 219 /380 38°C 7 2T% 202 1,653
15 min 50 +H 219 /380 38°C 7 2T% 15.1 1,650
15 min 15 21 219 / 380 ITC 7 2T 104 1,653
3 min E] 73 219 /380 3ITC 7 2T% 221 1,653
3 min 85 75 219 / 380 ITC 7 2T 225 1,653
3 min 87 77 219 /380 ITC 7 2T% 23.0 1656
3 min g5 75 119 / 380 3BT [ 26% 124 1,653
3 min B3 73 19 /380 38°C I 26% 218 1,656
Page 1/2
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Appendix VIII — Sample Log

The University of Hong Kong
Department of Mechanical Engineering

Marine Engine Tesis on Laboratory Seing

Time | Load Alternator Voltage Cell temperature Fuel Engine
output power ! Humidity consumption | speed
e W ACV T L /hr EPM
Trail 3
15 min 100 &7 219/ 380 3TC 7 28% 26.4 1653
15 min &5 T5 219/ 380 38°C 7 2% 215 1653
15 min T5 57 219 /7 380 30°C [ 26% 20.2 1653
15 min 50 4 218 /380 39T [ 26% 15.1 1,653
15 min 15 21 219 /380 38°C 7 26% 10.5 1653
3 min B3 T3 219/ 380 38°C 7 26" 221 1653
3 min gs T5 219 /380 38°C 7 26% 215 1650
3 mun 87 T7 219 7 380 38°C 7 26% 23.1 1653
3 min g5 T5 219/ 380 38°C 7 26" 125 1656
3 min 23 T3 219/ 380 38°C / 2% 219 1653
Femarks:  Power logger data collecred? (Y /3)
Fuel consumption data downloaded? (Y /2 )
Test by:
Date: 2012-11-07
Page 2/2
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Appendix VIII — Sample Log

The University of Hong Kong
Department of Mechanical Engineering

Marine Engine Tests on Laboratory Sering

Durabilitv Test — Log Sheet

Engine Make: _Gardner

Model: _6LXE

Engine rated output: _68 KW @ 1.500 rpm Fuel Type: _HSD LsD
Date | Time Altemnator Voltage Test cell Coolant | Engine oil | Engine
output power temperature | temperature | pressure | Speed
(kW) (V) (°C) (°C) (bar) |(EFM)
150812 B:30 o 219 / 380 20 43 E 1506
2:00 468 219 / 380 32 61 337 1506
000 a7 219 / 380 38 62 314 1508
1:00 468 219 / 380 L 63 314 1506
2:00 &7 219 7 380 41 62 3.16 1509
300 &7 219 / 380 43 63 314 1500
200 67 219 / 380 43 62 3.14 1503
500 67 219 / 380 44 62 314 1500
G200 467 219 / 380 43 61 314 1509
700 &7 219 7 380 43 51 3.16 1509
8:00 68 219 / 380 41 61 314 1503
900 a7 219 / 380 42 62 3.10 1503
945 Stop
Femarks:  Engine oil re-filled: 1 5Litres

Accumulated mmning bour: _11.25

Recorded by:

HETLT

Hours

Total foel consumed: -~ 227

Date: 201200715

Litres
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Appendix VIII — Sample Log
The University of Hong Kong

Department of Mechanical Engineering
Marine Engine Tests on Laboratory Setting
Durabilitv Test — Log Sheet

Engine Make: _Gardner Model: _6LXB
Engine rated output: _68 KW @ 1.300 rpm Fuel Type: _HESD / 15D

Date | Time Altemnator Voltage Test cell Coolant | Engine oil | Engine
output power temperature | temperature | pressure | Speed
(kW) (V) ("C) L°C) (bar) |(RPM)
161012 | 830 4 219 / 330 29 35 5.23 1518
0:00 68 219 /380 32 62 3.37 1503
10:00 468 219 / 380 37 63 330 1503
11:00 68 219 / 380 30 63 314 1503
12:00 468 219 [ 380 40 62 314 1503
13:00 58 219 / 380 40 63 3.16 1503
14:00 68 219 7 381 41 63 314 1500
15:00 468 220 / 381 42 63 3.14 1503
14:00 468 220 /381 42 62 3.14 1503
17:00 468 220 /381 42 62 314 1503
15:00 58 220 / 381 40 61 3.16 1503
19:00 68 219 1 381 33 62 3.14 1500
19:30 Stop
Remarks:  Exngine oil re-filled: O Litres
Acourmmlated mmming bour: _11.0 Hours Total foel consumed: _~ 220 Liires

Fecorded by:

HEL

Date: 201271012
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Appendix VIII — Sample Log

EPD Marine Engine Tests on Laboratory Setting
Contract No.: 69-EPD-12-01657

Fuel Consumption Log Sheet

Drate Time Amowmt (Litre) Femarks
(DD-MM-YT) HSD EUROV
02-08-12 10:3 +200 Received by EFD
02-08-12 11:00 +1,400 Received by EPD
11-08-12 10:30 -12 -1 Fuel sampling for lab. analysis
22-08-12 15:30 -0 Engine commissioning
20.08-12 18:00 288 Engine commissioning
31-08-12 12:00 -133.1 Gardner performance test
01-00-12 18:00 -14.9 -149 Gardner performance test
05-09-12 16:00 +1,000 Recerved by HKU
11-09-12 12:00 +1,200 Recerved by HKU
18-09-12 14:00 +1,000 Received by HKU
21-09-12 10:00 +1,000 Received by HKU
03-09-12 17:00 -3,902 Gardner 200-hr durability test
~23-00-12
26-00-12 17:3 -348 -250 Gardner performance test
- 20-09-12
04-10-12 12:00 +1,000 Received by HKU
06-10-12 17:00 -30 -200 Engine commissioning
~ (8-10-12
09-10-12 17:00 -180 -165 Gardner performance test
~11-10-12
12-10-12 10:00 +1,000 Recerved by HEU
12-10-12 18:00 40 -400 Gardner 200-hr durabality test
~14-10-12

Femarks / Incident happenad
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