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Mr. Andrei RUBAN, MS, inventor and constructor of hydrodynamic dispersion and homologation 
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General Manger’s Consultant; 
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Lloyd welding Certificate; in a contractual relationship with the company BIMONT Ltd.; 
 
Mr. Richard STERGULC, marine engineer, Fleet Manager and Director of the company 
TransEuropa Shipping Lines Ltd., Koper, Slovenia; 
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Mr. Mario SIRONI, marine engineer, Chief Engineer in charge onboard RO-RO ship "Larkspur" 
during the assembly of TRGA Module on buffer tank in November 2011; 
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during the assembly TRGA Module on settling tank and in course of measuring of toxic air 
emissions in August 2012; 
 
Mr. Aleš ŠKUFCA, BC in chemistry, responsible for measuring of toxic discharges onboard RO-RO 
ship "Larkspur", employed in the company RACI Ltd. Ljubljana, holder of following Slovene 
accreditations: 
* SIST EN ISO / IEC 17025 LP-076 
* SIST EN ISO / IEC 17020 / C K-085 
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B) TECNICAL DETAILS OF RO-RO SHIP »LARKSPUR« 
 
Owner: Marine Company Transeuropa Shipping Lines Ltd. 

(Transeuropa Ferries ) Koper, Slovenia   
www.transeuropaferries.com 

Ship details: www.transeuropaferries.com/index.php?page=ships  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
· Length (m) 143.85 
· Beam (m) 20.5 
· Gross tonnage (tons) 14.458 
· Number of passenger 1.155 
· Number of cars 127 
· Number of accompanied vehicles 58 
· Lane meters (meter) 1070 
· Maximum speed (knots) 18 
· Engine power (bhp) 12.000 
 

http://www.transeuropaferries.com/
http://www.transeuropaferries.com/index.php?page=ships
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C) MAIN PURPOSE AND OPERATIONAL GOALS OF THE PROJECT 
 
The main purpose of this Pilot Project is to determine and to prove/show the effects of 
hydrodynamic Homologizer1 and disperser/emulsifier2 for fuels and other combustible mixtures 
with Module TRGA, in the process of preparing fuel for marine engines, including the results of 
the measurement of exhaust emissions derivates from the ship's engines. 
 
The Pilot Project will undoubtedly prove efficient, safe and ecologically oriented use of Module 
TRGA in the preparation of heavy fuel oil (here and after: HFO or fuel) onboard ships. 
 
Having in mind that Module TRGA-3G is highly innovative product on the market and represents 
a novelty, such kind of Pilot Project is an important step towards the use of new technologies, 
which will allow ship owners not only to save on fuel consumption, but also on fuel’s higher 
quality combustion and to meet regulatory requirements to reduce the sulfur content in the fuel 
and for consequently reducing of toxic emissions into the atmosphere.  
 
Annex VI of the MARPOL Convention from the year 2008 and the Directive of the European 
Parliament and EU Council Directive 1999/32/EC, are determine a significant gradual reduction 
for the sulfur content in marine fuels up to 0.5% by the year 2020, including any "technological" 
problems but not later than in the year 2025. 
 
In this context, our Module is unique in the whole market, without any direct competition and 
will represent a new era Homologizer. All existing devices on the market are designed to purify 
and to process heavy fuels, are based on the technology called »micronization«3.  
The operational objective of this Project is to introduce the device – Module to the market, 
which will provide the following advantages over other competing products: 
 
-   Enable higher quality burn of different types of marine fuels 
-   Reduced consumption of marine fuels 
-   Have a positive impact on the environment 
-   Energy saving 
-   Low-weight, easy installation and servicing. 
 
The positive effects of implementation of our Module TRGA must be analyzed trough the market 
analysis, verified and used in the preparation of future marketing strategy and commercialization 
of entire Project (purchasing, production, sale/distribution). 
 
All collected technical and technological information must be analyzed, processed and used of 
the downstream of technological development of Homologizer using cavitation principle. 
Nevertheless, in the further development it will be necessary to examine the real possibility of 
complete elimination of the sulfur content in marine fuels and in this context, to construct or 
improve existing Module TRGA. 
 

                                                 
1 All types of mixers achieve mixing by rapidly changing the direction of the fluid, accelerating the fluid, or 
subjecting the fluid to cavitation 
2 An emulsion is a mixture of two or more liquids that are normally immiscible (nonmixable or 
unblendable). 
3 To reduce (a material) to a very fine powder, esp. to particles only a few microns in diameter 

http://en.wikipedia.org/wiki/Mixture
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Immiscible
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D) TECHNICAL SOLUTION AND DESCRIPTION, INCLUDING CERTIFICATION OF MODULE TRGA-3G 
      
Technical solution includes hydrodynamic cavitation and fuel processing, which means 
simultaneous performing of mixing, dispersion and destruction of present fuel appearance and 
activation of some chemical chains... 
 
Module TRGA should be used in the process of engine operation using the diverse fuels, such as 
marine fuel of normal or any degraded types of fuel oil, residual ship’s fuel oil, diesel, used oil 
and oil processing residues. 
 
The hydrodynamic process means that the fuel should be pushed the Module by the help of gear 
or screw pumps, under high pressure between 5 to 20 atmospheres (this is depending on the 
capabilities of the pump used), using the physical principle of cavitation in the process of 
controlled hitting of molecules in the wall, under the corresponding angle which provides 
breaking and destroying of same molecules.  
This process is creating and providing stable emulsion without adding any ecologically unfriendly 
additives improving that stable particles in the heavy fuel will burn, reducing the consumption 
and significantly reduce the emission of toxic gases into the atmosphere.  
The introduction of that technology or use of our Module TRGA allows optimization in the 
process of purification and processing of fuel, without significant technological changes in the 
process of exploitation and use of any type of fuel. 
 
Structural Module TRGA does not contain any mechanical rotating parts or elements, and this is 
a unique feature and competitive advantage, since all other technological and technical solutions 
used for refining and processing of marine fuel are largely exposed to damage, because of use of 
rotating parts and, consequently, producing higher maintenance costs. 
 
The Module TRGA-3G with working range between 3 and 50 m3/h, was obtained a Certificate   
No. N-PED-A1-06-810-11-01. (the Certificate is integral part of This Pilot Project), issued by the 
Welding Institute Ljubljana, R of Slovenia, in accordance with the European Directive for Pressure 
Equipment PED 97/23/EC, as notified body for such certification process, and gives the right to 
the manufacturer of Module TRGA, company BIMONT Ltd., to use the identification number 
2042. 
Statement of compliance with the Pressure Equipment Directive PED 97/23/ES contains following 
information: 
 
Product-type:     TRGA-3G pressure pipeline 
Serial number:    001 
Max operating pressure:   40 bar 
Max allowable temperature:  250°C 
Diameter:     125mm 
Year of manufacture:    2011 
Test pressure:    60 bar 
Medium for testing:    water, 20°C 
Used procedure:    Module A1 
Used standards and  
Tech. specification:   AD 2000-Regelwerk, BS EN 3834-4 
Quality control QS:    DIN EN 3834-4      
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E) FUEL PREPARATION TECHNOLOGICAL SYSTEMS  
FOR SHIP'S ENGINE USING MODULE TRGA-3G 
 
E.1 Existing technological systems 
The existing technological systems for the purification and processing of marine fuels, such as 
separators and filters, at the best solution will reduce the size of components in marine fuel at 
size of 70-100 microns. Water is not completely removed, and percentage of water may reach up 
to about 0.5%.  
 
In practice, a part of use of Separators, different ecologically controversial additives for providing 
a higher quality of combustion are used. 
In conjunction with Separators are in use also fuel Homologizers working on the principle of 
rotation. These Homologizers are not well seen by the ship owners due to structural failures, 
rapid deterioration, energy dissipation, relatively low productivity and excessive maintenance 
costs and his big size, so most of them were removed from use. 
 
E.2 Homologizer on the principle of hydrodynamic and cavitation - Module TRGA-3G 
 
The company BIMONT Ltd. was developed Homologizer Module TRGA-3G, which does not 
contain any rotating working elements or components. Fuel flowing through Module TRGA-3G is 
constantly subjected to repeated compression and decompression process. Under the influence 
of high-frequency oscillations and due to process of changes between the layers of the fuel, this 
is causing the breach of polymerized molecular chains. Size of all components of the fuel, 
including the mechanical and waste water on the output is of size 3-5 microns.  

The process of dispensation is allowing fuel 
to flow through the customized 
configuration of internal cavities of Module 
TRGA-3G. There is a very small probability 
that the Module will be subject to failure. 
This can occur only when entering some 
external or third factors. In the case of 
"blockage" that can occur, in case of sand 
invasion, abrasives, scrap rags and other 
subject matters in marine fuel, the Module 
shall be purged with steam under pressure 
of 5 bar for the period of 30 to 50 minutes, 
that time period will allow steam to soften 
the resin and to be removed from the 
surface of the Module. Prior to this, the 
Module should be soaked in hot diesel fuel 
or some appropriate thinner, to remove 
resin particles (please see Instructions for 
the installation, use and servicing of the 
Module). 

 
Compared with the existing rotary Homologizers, our Module TRGA-3G is not noisy and the noise 
level is 2 to 3 times smaller than usual. No any ultrasound and infrasound are detected. It is a 
very efficient device with power consumption saving, ranging from 0,5 to 1kW/h on one (1) tone 
of product. Productivity of single Module TRGA-3G is max 90 m3/h. For operation in addition to 
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its own, does not require any additional pumps. Steel construction of Module can withstand high 
temperatures, any pressure and aggressive 
flows. Module contains no any moving parts, 
no any bearings; it is vibration-free and without 
any seals. There is no increase of vibrations in 
the operational stage. Maintenance expenses 
due to slight wear of working elements are 
irrelevant and time service of the Module for 
heavy fuel are max. twice in the two (2) years 
or up to 15.000 working hours.  
Before installation of the Module must be 
installed grave fuel filter with the gaps up to 5 
mm. If the fuel is filtered and does not contain 
any resins, curds, solid particles, etc., Module 
extends his operating time of up to three (3) 
times and in such case it is not necessary to 
purify the fuel.  
Resource operation of the Module is sufficient 
and materials used in the Module production 
are strong and resistant to wear. The 
penetration of particulate matter in the area of 

treatment does not cause destruction of Homologizer. In the fuel line delivery Module TRGA 
works under pressure up to 40 bars and a temperature of +250°C. 
 
 
E.3 Module installation, operation of the Module 
 
The proposed Module TRGA-3G, produced by company BIMONT ltd., for the scope of better 
quality marine fuel combustion, better fuel economy, use of non-burned sediments in the 
settling and buffer tank, for use of waste oil and oily waters into the ship's boilers and for the 
goal of reducing emissions of toxic gases and particles in the atmosphere.  
 
Module structure consists of: TRGA-3G device, optimized with the necessary working facilities, 
gear or screw pump with the including appropriate electric motor, electrical power box with 
necessary electronics parts, pressure gauges, sensors, marine fuel filter cartridge for filtering the 
parts between 2 to 5mm, which depending on the processing or fuel type, size of non-burned  
sediments and other ingredients, valves, flanges, seamless pipes with bends, screws, washers 
and other filler material, if necessary. 
 
Installation of Module TRGA, in order to carry out the fuel recirculation, shall be obtained on the 
settling tank, the module shall be connected on the way input and output from the settling tank. 
The fuel, driven trough the module TRGA by the appropriate pump, will return back to settling 
tank and then, by the main engine fuel line coming back for treatment in other Module TRGA, 
which is in the form of circuit-bypass mounted in front of the buffer tank. The purpose of 
reprocessing fuel already treated, is to provide or maintains the quality of fuel and complete 
destruction of heavy grades of fuel and thoroughly reduction of emission of toxic substances into 
the atmosphere. 
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It should be noted that the shipping Module TRGA operates with his own pump and not on the 
basis of pre-installed pumps onboard ship. It must be also notified that the fuel flow on a parallel 
line connected to the diesel engine. This condition means that direct effect from Module TRGA 
does not depend by the amount of fuel used by the ship's engine but depends on quantities of 
fuel in the settling tank and only »partially« by the engine. 
 
This is the reason of efficiency of the processing inside settling tank from 6 to 40m3/h and our 
Module TRGA in the working phase allow this production undeniably and excellently. 
Module TRGA operates on the buffer tank and in this context it have sufficient processing 
efficiency of 3 to 5m3/h which our Module TRGA also allows. 
 
SOME IMPORTANT COMMENTS 
 
* Module TRGA is not installed in the "factory" fuel feed line to the ship's engine, but it is 
installed on the settling and buffer tank. The reason is independent fuel consumption; 
* Last Module TRGA starts to operate on 5-6 atmospheres; 
* The duration of the operation of the Module TRGA is up to 15.000 hours. We estimate that, 
depending of manufacturing material used in Module TRGA, operating life is satisfactory and 
sufficient; 
* When ship's engine is switched off, our Module TRGA can also be switched off. 
 
F) The specific results of this Pilot Project 
 
Initially it is necessary to say that the testing object, RO-RO ship "Larkspur", was chosen because 
of a long lasting successful cooperation with company TransEuropa Shipping Lines Ltd. from 
Koper, Slovenia, cooperation with their Fleet Managers and due to navigation area of m/v 
"Larkspur", which is between Oostende (B) and Ramsgate (GB). This is in accordance with Annex 
VI of MARPOL IMO-2008 and Directive of the European Parliament and EU Council 1999/23/EC, 
which defined the control of permitted sulfur content in marine fuel.  
Now is in the process of adopting by the EU bodies the update/adaptation of Directive 
1999/23/EC, Annex VI to MARPOL Convention, under which the maximum permissible sulfur 
content of marine fuels in the Baltic and North Sea and English Channel area should be first 
reduced by 1%, and from 01.01.2015 (for passenger ships from 01.01.2020) for the 0,1% (the 
current limit is 1,5%).  
Maximum permissible sulfur content in fuels for the vessels in other areas fell to 3,5% and from 
01.01.2020 for the 0,5%.  
Maximum permissible sulfur content in fuels for passenger ships in the territorial sea, exclusive 
economic zones and control zones of pollution shall fall from 01.01.2020 for the 0,1% (the 
current limit is 1,5%). The directive introduces the possibility of using a greater range of methods 
to reduce the emissions of sulfur oxides.  
Results from this Pilot Project shall give concrete answers to the IMO and EU applicable norms, 
or the possibility for apply of hydrodynamic cavitation in the technological process for reducing 
SO2 emissions.  
Measurements of emissions into the air onboard m/v Larkspur was made on our order by the  
representatives from the accredited company RACI Ltd from Ljubljana/Slovenia/EU and the 
conclusions were stated in their Report number 201209A dated 07.09.2012, which is an integral 
part of this Pilot Project ( see attachment). 
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F.1 The final comparative table of harmful emissions using Module TRGA in the fuel system of 
RO-RO vessel Larkspur 
 
On 19 August 2012 
Average numerical size of smoke gases using standard marine fuel: 
СО = 384.581 SO = 239.96 NO = 899.84  - considered to be standard 
 
The use of Module TRGA in the treatment of heavy marine fuel in the buffer tank, with increase 
of cargo loaded onboard, was reduced emissions of CO as follows: 
а) The total time interval   from 1,24  to 6,4% 
b) Excluding interval of the 
frontal wind in the area   from 3,38  to 6,4% 
 
On 20 August 2012 
The use of Module TRGA for the treatment of heavy marine fuel in the buffer tank, counting on 
mutually compensatory weather conditions, was decreased CO emissions as follows: 
а) The total time interval   from 5,27 to 12,1% 
b) The most authentic result  from 5,27 to 6,0% 
 
On 21 August 2012 
Use of two Modules TRGA for the treatment of heavy marine fuel on the buffer tank and settling 
tank, counting on mutually compensatory weather conditions, was reduced CO emissions as 
follows: 
а) The total time interval   from 10,0 to 14,97% 
б) The most authentic result  from 12,34 to 13,67% 
 
On 22 August 2012 
Using one Module TRGA for processing heavy marine fuel in settling tank, counting on mutually 
compensatory weather conditions, was reduced CO emissions as follows: 
а) The total interval    from 6,47 to 10,39% 
 
Analysis of the conclusions follows on the following pages. 
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Below please find some indicative photos. 

 
Engine using standard fuel HFO 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Engine using standard fuel HFO, treated by two (2) Modules TRGA 
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Smoke gases from same ship's engine using marine heavy fuel HFO,  onboard RO-RO vessel 
»Gardenia«, c/o Transeuropa Shipping lines Ltd. Koper, on route Ramsgate(GB) – Oostende(B),  

(sister ship of RO-RO vessel »Larkspur«) 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Smoke gases from ship's engine using marine heavy fuel HFO, 
 treated by two (2) Module TRGA, onboard RO-RO vessel »Larkspur«,  

on route Oostende (B) - Ramsgate (GB),  
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F.2 Fuel Separator and fuel mud (or sludge) 
 
According to the information obtained from the company TransEuropa Shipping Lines Ltd., 
during the period of use of Module TRGA placed on the settling tank, during the period from      
21 August 2012 to 14 September 2012, the amount of fuel sludge in the settling tank was 
stopped to increase.  
 
 
 
 
 
 
 

Overlook on the one 
of the ship's engines 
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MAIN RESULTS OF TESTING 
 
In accordance with the technical data about volume of fuel sludge produced by ship's separator 
and accumulated into settling tank, this is equal from 0,5% to 1% of the total amount of fuel 
onboard ship. 
 
Total quantity of fuel used in 28 days is 20x28 tons = 560 tons of fuel. 
 
At the same time it was notified that fuel sludge in amount of 10 cbm (or 9,7 tons) was 
discharged ashore every 14 days or altogether 19,4 tons in 28 days, this is 3,46% of the total 
amount of loaded fuel onboard.  
Composition of fuel sludge is 50% to 70% of fuel and 50% to 30% of water. Considering that the 
average amount of fuel in the fuel mud/sludge is abt. 60%, quantity of the fuel sludge generated 
from the fuel is approx. 11,64 tons or 2,07% of the total fuel consumed. 
 
Means that every 24 hours ship’s fuel separator is putting inside the fuel mud/sludge of a 
quantity of 415 liters which, in accordance with separator’s technical settings, is not qualified as 
HFO. 
 
CONCLUSION 
 
Using a Module TRGA for the treatment of HFO helped to save 2,07% of HFO consumed plus 
saving of costs for discharging of fuel sludge by the offshore service and necessary periodic 
cleaning of settling tank. 
 
These testing results are corresponding to the results notified by thesis entitled "PROCEDURES 
FOR THE PREPARATION OF HEAVY FUEL FOR DIESEL ENGINES USING HYDRODYNAMIC METHOD" 
from year 1984, referred by Mr. Šunin Sergei ARKADJEVIČ on the Higher Maritime School in 
Odessa, Ukraine.  
Very similar testing results (but with lower results) were recorded using some German made 
Homogenizers. 
 
EXAMPLES 
 
Immediately after installation of TRGA Homogenizer on the settling tank was examined patterns 
of fuel before and after treatment, at: 
- Incoming HFO temperature was 29°C, on 524 centistokes4 
- After treatment of HFO temperature was 28°C, on 474 centistokes. 
 
The difference was of 10%, which means lowering of internal friction due to the reduction in 
particle size inside the fuel, without any use of additives. 
 
Sampling and tests was done by Mr. Darij ŠTOK, using the viscometer type Brookfield, after prior 
consultations with Mr. Samo DJUZIČ, BC in chemistry, US representative of the Company 
Brookfield’s for EU markets, who was responsible to place  testing devices and for settings, 
servicing and other, because ship’s viscometer onboard m/v "Larkspur« was out of order for a 
long time. 
                                                 
4 1 centistokes = 0.206264806 m2 
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Samples of HFO used  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Module TRGA 
assembled on the 
settling tank 
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Initially, below reported results have been 
obtained, at  the pressure of 3,5 bars, after 
one cycle of fuel treatment. 
 
Most comparable or similar studies 
showed the same results of processing: 
1. at a pressure of 8 to 12 bar, 
2. at a temperature of processing at least 
of 50°C, 
3. after 2-3 cycles of fuel treatment. 
 
To clarify this effect, find the photos taken 
ref. to the Module TRGA before processing 
HFO. 

 
 
Later it was tested complexity of HFO at temperature of 20°C on the fuel arriving from settling 
tank after passing the Module TRGA and from double bottom fuel tank from which the fuel is 
arriving to the settling tank. 
Treated fuel from settling tank had less complexity for 7%. 
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Sample of HFO М100 before the 
treatment with module TRGA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample of HFO М100 after the treatment 
with module TRGA 
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Operational intensity of Module TRGA on: 
 

1.  Flooding Coal Tar 
2.  Emulsion of Coal and Water 
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F.3 GENERAL RISULTS IN USE OF MODULE TRGA 
 

 Use of 
standard 

HFO 

Use of module 
TRGA only on 

buffer tank 

Use of module 
TRGA only 

on settling tank 

Use of Module 
TRGA on buffer tank 
and on settling tank 

Basic notified results  
Temperature 

of smoke 
gases (°C) 

325 
326 
337 

356 
356 
357 

353 
347 
353 

368 
370 
370 

 
Level of СО 

 

 
100% 

 
fm -3,8% to -6,4 % 
fm -5,27% to -6,0% 

 
fm -6,47% to -10,39% 

 
fm -10,0% to -14.97% 
fm -12.34% to  13.67% 

 

 
Visual 

quantity of 
smoke 

 
 
 

water trail 
length (m) 

100% 
Engine start – 

extreme 
quantity of 

smoke 
 

in navigation 
30 to 80 m 

 
Engine start – less 
smoke at least for 

30% 
 

in navigation          
5 to 40 m 

 
 

Engine start  – less 
for 40% 

 
in navigation          

5 to 10 m 
 

 
 

Engine start – less 
for 30% 

 
in navigation              

5 to 20 m 
 

 
Quantity of 
sludge/mud 

from the 
ship's 

Separator  

 
0,692 tons 

per day  
 

From this 
fuel was  
415 kg 

 
0,692 tons per day 

 
 

From this  
fuel was  
415 kg  

 
 
 

0 

 
 
 

0 

OPTION 1 2 3 4 
 

In terms of achieving maximum fuel economy on the ship's engine Option No. 4 is the best 
technological solution - use of two Modules TRGA: 
 
1. Use on the settling tank, which provides the greatest reduction of СО (non chemical 
combustion of fuel and his highest calorific burn) this is -66% the effect of reduction of СО. This 
also saves 415 liters of fuel every day, which amounts to 2,07% of the total fuel consumed. 
 
2. Use on the buffer tank with 34% reduction СО effect observed, providing further reduction in 
the fuel connectivity, change of fuel carbon hydrate composition in terms of formation of free 
radicals, rapid oxidation exceeds the standard rate of oxidation of the fuel. 
 
Additionally, use of module TRGA on the buffer tank is reducing the surface power of fuel 
stretching, which provides better dispersion on the ship’s engine injectors, increasing the rate of 
fuel combustion, which has a direct impact on reducing the amount of it, saving fuel and 
prolongation of the periodic time for engine maintenance.  
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The Module TRGA on buffer tank additionally is mixing resins and asphaltene in the fuel, which 
can be passed through the engine separator, which increases the capacity of piston pair of steam 
engine from 2 to 8 times. 
 

8.12. IMPACT OF IMPURITY OF MARINE DIESEL OIL ON LIFETIME OF PISTON PAIR IN THE DIESEL 
ENGINE 

 

                                                       Relative lifetime  
In  % 

Marine diesel oil before filtration 100 

Same oil after filtration over the filters with fine 
filtration, in microns 

 

24 130 

19 180 

13 350 

5 to 7 850 

 
8.13. IMPACT OF IMPURITY OF DIESEL OIL ON WEARNESS OF CYLINDERS AND ON UPPER 
PISTON'S RING 
 

Size of parts, in 
microns 

Content of mechanical 
admixtures, in %  

 
Wear rate 

  Radial 
cylinder. 

microns/h 

Piston ring 
mg/h 

Up to 100 0,027 2,1 3,1 

Up to 50 0,1 0,35 6 

Up to 30 0,176 --- 8 
 

 

8.14. IMPACT ON PRESENCE OF SULFUR IN FUEL TO THE FORMATION OF DEPOSITS 
 

  Deposits, in g 

Type of Fuel Coal number of 
waste oil, in % 

On the filters  

  For hard 
cleaning 

For fine 
cleaning  

On the 
piston 

Standard fuel  
without Sulfur 

 
0,8 

 
58 

 
700 

 
5,4 

Fuel with Sulfur, in %:     
0,58 1,4 54 870 12,4 
0,89 1,9 110 990 181 
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8.15. QUALITY INDICATORS OF PETROLEUM PRODUCTS, MORE VULNERABLE TO CHANGES 
DURING THE STORAGE  
 

Petroleum Products Indicators  

Ethyl Gasoline The fractional composition, content of 
Lead Tetraethyl, a period of stability, 
resin content, acidity  

Gasoline without Ethanol The fractional composition, resin 
content, acidity 

Diesel Oil Acidity, resin content 

Diesel Oil for cars Acidity 

Synthetic Oils  Penetration, temperature, drip, acid 
number, water content 

Fluids based on Alcohol and 
Glycerin 

Content of alcohol, water and glycerin 

 

At the same time, when the Module TRGA operating on the buffer tank was switched off, in this 
particular case the result was reduction of amounts of smoke. 
 
This means that the connectivity of fuel which was treated was reduced if compared with 
connectivity of the fuel, which is necessary for the smooth operation and for the current state of 
injectors. Considering the fact that the injectors on the engine were quite worn, the effect of the 
accelerated combustion of fuel was reduced due to fuel flow. 
 
Calculation of direct fuel saving including the reduction of СО will be made later on in this Pilot 
Project.  Reducing of СО for 10% improves less fuel consumption for 1,5% to 2%. 
 
Finally, use of two modules TRGA provide direct saving impact on fuel consumption for 3,5% to 
4%. 
 
Option 3. is cheaper, faster in production, can be installed and used on ships without a buffer 
tank, or on the ships with engines having worn injectors. At the same time there is no 
guaranteed minimum grinding of resin and other particles in the fuel (deposited on pipes and 
weariness). 

 

Option 2.  Installation of Module TRGA exclusively on the buffer tank. 

Use of a module TRGA on the buffer tank provides immediate savings effect, namely 1,5% to 
2% of fuel consumption, without taking into account other additional effects. 

 

Important! 
 
The results obtained refer exclusively to the concrete type of the engine and with active 
mechanical condition. For engines with increased wear of pistons and valves, these figures can 
be increased by 1% to 2%. For engines with ideal pistons, rings and valves, these figures can be 
reduced by 1% to 2%. 
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ADDITIONAL EFFECTS OF THE INSTALLATION OF MODULE TRGA  

 
1. Additional heating of fuel: Module TRGA provides heating of the fuel in the buffer tank to a 
temperature of 85° to 90°C, this reduces fuel connectivity with high fuel binder or malfunctioning 
heating fuel due to resin lining. 

Module TRGA provides heating of the fuel in the settling tank so the fuel warm up for 5°C by only 
one passing through the Module. 

2. Reducing the amount and size of solid particles in the fuel decrease speed and quantity of 
fuel mud/sludge into the sludge tank and, in addition to direct saving of fuel consumption, is 
reducing costs for discharging of fuel mud/sludge, charged by Port agencies. 

3. Reducing the amount and size of solid particles in the fuel separator ensures reduced wear 
and money saving effects including lower costs for tank maintenance. 

4. Reducing the amount and size of solid particles in the fuel provides pollution reduction 
inside the settling tank and money saving effect for tank cleaning.  

5. Use of buffer tank provides more sleek engine transition from heavy to light fuel and vice 
versa, including the reduction of heating of heavy fuel in less time and thus means additional 
saving on fuel consumption. 
 

RECOMMENDATIONS TO THE TEST RESULTS 

 
Observing the operation of the Module TRGA, there have been identified some further steps for 
possible modernization. 
 
1. Working capacity and intensity of Module TRGA on the buffer tank should be decreased; 
thereby this will reduce energy costs and will cause chipper production of Module TRGA on the 
market. 
 
2.  Working capacity and intensity of the module TRGA in the settling tank should be increased, 
installing some additional sensors on the filter and to add the remote control. 
 

OPERATIONAL RELIABILITY OF MODULE TRGA 

 
Module TRGA on the buffer tank was operated continuously from 28 November 2011 up to        
15 August 2012, or almost for 9 months. The Module does not require continuous observation 
and any maintenance.  

The Module does not need any cleaning, adjustment, replacement of any parts, neither wholly or 
partially, or additional regulation.  

The Module was inserted in the system before the start of testing in August 2012, after testing 
Module is working smooth and sufficiently. Reviewing of the Module during testing showed that 
the Module is in excellent mechanical condition and has no any signs of wear. 
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SOME PHOTOS OF MODULE TRGA 
 

 

 

 

 

 

Installed Module TRGA on the 
buffer tank on 28 November 2011 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Module TRGA on the buffer tank on  
19 August 2012 
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Module TRGA on the settling tank on 
20 August 2012 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Command bridge of m/v »Larkspur« used for chart positioning  
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Exhaust from ship's funnel, 23 August 2012 
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F.4 APLICATIONS 

 

F.4.1 SELECTION OF AREAS FOR OBTAINING OBJECTIVE DATA MEASUREMENTS 
 

Standard requirements for the implementation of all benchmark tests, including the same level 
for all test equipment, reasonable testing regime for stable results (no transitional procedures) 
 
For tests to be applied for the engine with internal combustion, it is necessary to provide the 
same external factors as follows: 
 

  
Parameters 

 
Sign 

Dynamics of 
changes 

 
Description of changes 

 
Way of evidence 

1 Outside air Temperature  Та During the day Depends of same hour, 
repeated each day 

As correction for 
other data under 

same circumstances 

2 Air Pressure   
Ра 

During the day Stabile in the time of 
testing, no changes of 

weather 

As  equivalent 

3 Fuel  used  
F 

Relatively stabile - during each fuel charge 
 

- different on arrival and 
departure from Ramsgate 

- As equivalent 
 

- Excluded from 
measurement 

4 Cooling liquid 
temperature 

 
То 

Depends on sea 
water 

temperature 

Depends on the presence 
and characteristics of sea 

currents and season 

Considered as 
permanent due to 

constant 
temperature of the 

test  

5 Oil temperature  
Тm 

Depends on 
engine load 

Depends on load of each 
ship’s propeller and his 

revolutions 

 
Comment 1. 

6 Engine under load, 
engine revolutions and 
angle of propeller blades 

 
N 

Regulator care for 
stabile engine 

revolutions 

- Depends on external 
factors 

- Depends on deck officers 
on bridge 

- Depends on ship’s draft 
- Depends on maneuvering 

ship skills 

 
Comment 2. 

7
  

Working stability of 
measuring certified 
apparatus  

Si Stabile, out of 
possible 

moderation 
periods 

Occasionally, short terms, 
showing periods of 

moderation 

Non including 
periods of 

moderation 

8 Engine technical status  Sm Stabile no no 
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SOME SPECIFIC DETAILS OF TESTING  
 

1. Testing was done onboard RO RO ship Larkspur, c/o company Transeuropa Ferries. 

 Web page: www.transeuropaferries.com  

 

 
 

 

Larkspur 
 
· Length (m) 143.85 
· Beam (m) 20.5 
· Gross tonnage (tons) 14458 
· Number of passenger 1155 
· Number of cars 127 
· Number of accompanied 

vehicles 
 

58 
· Lane meters (m) 1070 
· Maximum speed (knots) 18 
· Engine power (bhp) 12.000 
  
  

 

2. Navigational range was route between Oostende (Belgium) and Ramsgate (GB), over the 

Channel. Ship's voyages were 4 per day, one way duration of voyage was approx. 4 hours. 

  

 
The route course from Oostende to 
Ramsgate 
5 minutes – course 305° (AA)  
30 minutes – course 265° (BB)  
60 minutes – course 245° (CC)  
130 minutes – course 295° (DD) 

 
The route course from Ramsgate to 
Oostende  
130 minutes - 115° (DD)  
60 minutes - 65° (CC)  
30 minutes - 85° (BB)  
05 minutes - 125° (AA) 

 

Characteristics of this navigational area were: 
1. Ocean currents, occasionally repeatable, direction and speed change twice (2) per day; 
2. Wind and wave height cannot be predicted; 
3. Various sea depths, depending on the hourly changes each day;  
4. A large numbers of big and small shoals; 
5 A large numbers of ships in navigation in the Channel, which must also maneuver and change 
speed and direction of routes. 
 
All these factors have affected the load of the propeller as well as the impact on fuel 
consumption and, consequently, on the amount of smoke gases, which were the subject of 
testing/measurements. 
 
3. In addition, cargo loading of the ship was each time different, which resulted in different ship’s 
draft; this affected also the load of engine and propeller as well. 
 
4. Some of previous factors in the various combinations also have affect to the fuel consumption. 

http://www.transeuropaferries.com/
http://www.transeuropaferries.com/index.php?page=ships&id=18
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All navigational charts with routes of navigation are attached to the Annex to this Pilot Project 
(see maps.doc). 
 
5. Some deviations were taken into account during the testing: 
 
5.1 Ambient air temperature was not measured all the time, but measurements were conducted 
at the same time: morning - noon – night, under the same conditions, so this should be taken 
into account. 
 
5.2. Air pressure was not measured during the entire test, because from 19 to 22 August 2012, 
the weather was the same, sunny, no precipitations and partly cloudy. It was considered that the 
air pressure data for this testing was irrelevant. 
 
5.3. The fuel used for combustion had always the same composition. The shipping company was 
provided necessary amount of fuel samples from the same tank and from fuel shipments during 
the entire duration of the test. 
HFO was changed regularly with diesel oil before arrival or departure from the Port of Ramsgate, 
same on arrival or departure from the Port of Oostende, and those intervals are excluded from 
the test. 
 
5.4. Coolant temperature – conditionally the same all the time. 
 
5.5. Oil temperature depends on the load of the engine and it is changing proportionally (in 
permitted areas), while engine loads directly affecting the fuel consumption, for this testing this 
parameter was excluded. 
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5.6 Engine loads  

1. Engine revolutions To be regulated in the engine room. 
Regulator maintains constant engine 
revolutions 
Engine must have same revolutions (not a 
speed) on 75% of engine power 

Important to notify 
the factors 

2. To maintain same 
engine revolutions 
need to compensate 
loads, depends on: 

  

2.1 Ship's draft Verification of cargo tonnage and draft 
noted in the documentation 

Important factor for 
engine load 

2.2 Frontal Sea Current Notified characteristics of the sea current:  
speed and direction 
Relevant factor for engine load 

Important factor for 
engine load 

2.3 Stern Sea Current Increasing the speed, no changes on 
engine revolutions. 

Not been 
calculated. 

2.4 Sea Current by side Decreasing the speed, due to rudder load, 
but less then frontal sea current 

Secondary factor 
for engine load 

2.5 Frontal Wind Notified characteristics of wind: speed and 
direction 

Important factor for 
engine load 

2.6 Stern wind Increasing the speed, no changes on 
engine revolutions 

Not been calculated 

2.7 Wind by side Decreasing the speed, due to rudder load, 
but less then frontal wind 

Secondary factor 
for engine load 

2.8 Frontal waves Generally same as wind, including the sea 
current effect. 
Important factor of engine load. 

Important factor for 
engine load 

2.9 The depth under the 
ship's propeller 

Shallow water increase engine load 
 
Sailing over shallow water causing direct, 
short engine loads, notified inside graphs 
 
Due to similar time and geographic 
intervals of measuring, the tide figures are 
not calculated 

-Excluding results 
with highest and 
lowest point 
 
 
- Longer period of 
measuring due to 
compensations 

2.10 Ship maneuvering 
capability 

Shorter (maneuvering inside port is not 
calculated) change engine load 

- Longer period of 
measuring due to 
compensations 

2.11 Ship's propeller angle Was maintained as fixed Not been calculated 
 

CONCLUSION No. 1  
 
The selection of credible intervals for measurements according to the criteria of equality of 
external factors should be based on: 
1.   Maximum possible coincidence of these factors; 
2.  Maximum possible mutual compensation with one of the other factors (for example: a 

bigger draft and calm seas with less wind and draft); 
3.  For the selected area should be characterized by stable regimes of the engine. 
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6. Selection of parameters for verifying the authenticity of measurements 
 
Mode of operation and change of engine load was reflected on the fuel consumption. 
 
There was no counter for fuel consumption, but indirectly, with a constant or changing mode of 
engine operation and engine load changes (lower or higher load) assessed the relation to the 
changes in SO2 emissions, which had direct reflection on fuel consumption quantity. 
 
In addition, the level of SO2 marks are not useful in testing using the module TRGA on the 
settling tank, because in the processing of heavy fuel with some content of water, the part of 
sulphurous compounds was formed insoluble salts of sulfuric acid, which was reduced the level 
of sulphurous gases. 
 
At the same time during the operation of the Module TRGA on the settling tank the rest of the 
water was transformed into water-soluble emulsion, which at the same time increased the rate 
of combustion (fuel saving) and lower the burning temperature (reduction of NO). 
 
СО parameter is specific for the integrity of the combustion of fuel and depends on: 
-  Fuel quality, 
-  The degree of dispersion of the injectors, 
-  Quantity of air in excess, which is maintained automatically and is about the same level. 
 
NO parameter is typical indirect indicator for calorific fuel value and for presence of emulsified 
water in the fuel. 
 
With all of the same conditions and with the same fuel consumption increasing of NO means 
increase of fuel combustion temperature, which is directly related to the fuel caloric values. 
 
SO2 Parameter is directly related to the amount of fuel consumed in the engine with internal 
combustion, especially in the comparative tests. 
 
So, the selection of a credible time intervals for measurements should be based on the interval 
(intervals), when the quantity of the SO2 in the flue gas are maximum stable, and does not 
depend on his absolute amount. 
 
The credibility of this selection is confirmed by significantly reducing of SO2 in the transition from 
the engine with internal combustion to the engine using diesel oil, and with the highest and 
lowest points on the graphs when maneuvering the ship, including entrance of the ship in the 
area with sea current having good circumscribing limits, with the navigation through the short 
zones of less depth. 
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7.  State of the engine with internal combustion 
 
Before the start of testing both vessels’ engine there were two major technical problems: 
1. Worn of air turbine and 
2. Worn of injectors including non optimal fuel dispersion. 
 
Before the start of testing, the ship's crew installed a new air turbine on the port side engine 
with internal combustion, so all measurements should be carried out on the port side engine 
with internal combustion, because this engine shall produce relevant and useful information. 
 
Relevant comments 
 
1.1 It is certain that a result of fuel treatment with the Module TRGA is reducing/crushing hard 
resin particles and impurities in the fuel. 
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This causes a decrease of the fuel connectivity, which on other side increases fuel consumption 
on the injectors. So, there was a risk that the malfunctioning of injectors and unmodified 
coefficient of excess air will increase the amount of smoke and reduce the integrity of the fuel 
combustion. 
 
1.2. The result of fuel processing with Module TRGA is fractional change in fuel composition, 
increase the amount of light fractions from the recombination of free radicals (which is also 
confirmed by the results of the fractional composition of petroleum products) and, as a result, 
increase the speed of the combustion of fuel in the cylinder, this reduce the amount of smoke, 
increase the integrity of combustion, of combustion temperature and increase of NO; there is no 
residual water in the emulsified fuel. 
 
In this way, the function of Module TRGA on the buffer tank (with fuel processing separator 
without presence of residual water) has two effects in case of good function of injectors, one is 
the increase of the fuel amount and second higher speed, including the temperature of 
combustion. All this was useful to remember when analyzing the results! 
 
2. The increase of exhausted gas temperature, which is confirmed by an increase in the amount 
of NOx, resulting the burning deposits in ship's funnel, accompanied by increased content of СО 
and smoke during the "funnel cleaning" 2 to 6 hours from the moment of use of Module TRGA 
for the fuel processing. 
 
8. Specification of the measuring devices and selection of credible time intervals  
for measurements with respect to these features 
 
8.1 All measurements were performed with certified gas analyzers made by Siemens (see also 
report from measuring laboratory). Special feature of this equipment is periodically reversing of 
current results due to automatic moderation of measuring devices. 
For such reason those intervals were excluded from credible intervals and all intervals near zero 
values but also those intervals, where those parameters were decreased (before annulling) and 
increased (after annulling), before obtaining conditionally stable parameters. 
 
8.2 From credible measurement results were excluded those parts of measurements, during 
which the change of paper for recording of data was changed. Such intervals were few, but all 
such intervals were marked and excluded. 
 
8.3 Some of the measurements were duplicated in parallel with continuous work of gas analyzer, 
as the difference in sizes of СО was constant; we considered only first column from the 
measuring table. 
 
8.4 The entire testing process was recorded by photos and on the tape/film. 
 
There are photos and tapes taking the moments of start and stop of Modules for processing the 
fuel, as well as visual monitoring of smoke levels during engine operation in different regimes. 
 
9. Compensators of tolerance and assumptions 
 
9.1 All tests were carried out in equal intervals, during regular navigational route between 
Oostende and Ramsgate (approx. voyage daily time was between 08.15 hrs am and 12.40 hrs) 
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and on navigation between Ramsgate to Oostende (the approximate voyage duration from 14.30 
hrs to 16.40 hrs) or in the intervals morning/noon time and noon time/evening. 
 
This approach guarantees mostly the same ambient temperatures. 
 
9.2 Testing the basic operation of an engine with internal combustion, using standard fuel, 
without using the Module of homogenizer, was conducted in the following conditions: 
 
9.2.1 Ship loaded with cargo (draft of 5 m) 
9.2.2 Speed of side sea current was 1 Nm/h, 
9.2.3 Wind - calm, 
9.2.4 Sea - calm 
 

 

 
 
9.2.5 Engine regime was stable.  
9.2.6 Mode of measuring devices was stable. 
 
The selection of a credible interval for measurements is described in detail in other sections of 
this Report. 
 
9.3 Changes in quantities of fuel sludge formation during the operation of the ship's separator 
were recorded between 21 August 2012 and 14 September 2012, obtained from the ship owner, 
company TransEuropa Shipping Lines Ltd. 
 
9.4. Evaluation of changes in the amount of smoke (quantity of exhausted gases) was performed 
visually, by photo and video records, including the comparison with similar ship of same class and 
with same engine and using same fuel. 
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The comparison is obvious. All photos have: 
1. Automatically logged date: day, month and year, hour and minute 
2. Time synchronization with the operation of measuring devices 
3. Not been in any way repaired, improved or corrected, except for readibility. 
 

 

 

 

 

 

RO-RO ship »Larkspur«, where 
the testing was performed. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
Sister ship, RO-RO  
»Gardenia«, owned by 
same company, 
Transeuropa Shipping 
Lines Ltd. 
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F.4.2 Plans for testing, data about technical parameters of the engine at the time of use of 
Module TRGA and weather conditions at the time of testing 
 
1. Technical Specifications 
 
Volume of preparatory tank is 250 liters. 
Volume of main supply line from the preparatory tank before the engine with internal 
combustion is of 150 liters. 
Fuel consumption on both engines with internal combustion was of 1.000 liters per hour, or 16 
liters per minute. 
Module TRGA capacity on the buffer tank is 100 liters per minute. 
The fuel temperature on the outlet of the buffer tank reaches 85°C. 
Module TRGA capacity on the settling tank is 133 liters per minute. 
 
The fuel temperature at the entrance and at the exit from the Module on the settling tank was 
20 to 50°C (at the entrance) and 25 to 55°C (on exit). The temperature of fuel heating by the 
Module on the settling tank was 5 to 3°C. 
Measurement systems are installed on the port side engine, which has a new air turbine. 
 
The amount of fuel sludge from the ship's separator is 10 cbm in 14 days of operation 
or 0,7 cbm per day (the amount of fuel sludge shall be checked also after 45 days). 
 
 
2. Information about voyages 
 
Average navigation duration was between 225 and 240 minutes. 
 
Route between Oostende and Ramsgate 
5 minutes on course 305° (AA) and 30 minutes on course 265° (BB) 
60 minutes on course 245° (CC) and 130 minutes on course 295° (DD) 
 
Route between Ramsgate – Oostende 
130 minutes on course 115° (DD) and 60 minutes on course 65° (CC) 
30 minutes on course 85° (BB) and 5 minutes on course 125° (AA) 
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 Data Notes 

Date 19 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
19-test-1 

Port of Oostende, Belgium. 
Navigation from  Oostende to Ramsgate 
 
All Modules TRGA are switched OFF.  
 
Engine start:                                       08.09 hrs 
Leaving the Pear                                08.15 hrs 
Maneuvering start  on arrival           11.41 hrs 
Arrival Ramsgate                               12.48 hrs 
 
Switch ON  of Module TRGA on the buffer tank at     
09.28 hrs 
Module on the buffer tank was operative on arrival to 
Ramsgate, on maneuvering and berthing and on 
departure from Ramsgate. 
 
Data from the ship's bridge Log: 
19 August 2012 
Wind:         SW, force  1 
Sea:            calm 
Draft:         5,0 m 
Current:    speed 0,8 to 1,2 Nm/h 
Cargo:       1.555,5 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
Wear of fuel 
injectors on both 
engines. 
 
Switch ON of 
Module on the 
buffer tank was 
affected after longer 
period of time. 

 

 

 

 

 Data Notes 

Date 19 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
19-test-2 

Port of Ramsgate, UK. 
Navigation from Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
 
Engine start:                                       14.10 hrs 
Leaving the Pear                                14.20 hrs 
Arrival Oostende                               18.40 hrs 
 
Data from the ship's bridge Log: 
19 August 2012 
Wind:         calm 
Sea:            calm 
Draft:         5,0 m 
Current:    speed 0,0 Nm/h 
Cargo:       3.700 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
Wear of fuel 
injectors on both 
engines. 
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 Data Notes 

Date 20 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
20-test-1 

Port of Oostende, Belgium 
Navigation from Oostende to Ramsgate 
 
 Module TRGA on the buffer tank is switched ON.  
 
Engine start:                                       07.40 hrs 
Leaving the Pear                                07.50 hrs 
Arrival Ramsgate                               12.20 hrs 
 
Data from the ship's bridge Log: 
20 August 2012 
Wind:        W, force  4 
Sea:            2 
Draft:         4,6 m 
Current:    speed 0,4 Nm/h 
Cargo:       534,5 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
Wear of fuel 
injectors on both 
engines. 

 

 

 

 

 Data Notes 

Date 20 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
20-test-2 

Port of Ramsgate, UK. 
Navigation from Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
 
Engine start:                                       14.20 hrs 
Leaving the Pear                                14.30 hrs 
Arrival Oostende                               18.25 hrs 
 
Data from the ship's bridge Log: 
20 August 2012 
Wind:         SE, force 1 - 5 
Sea:            4 
Draft:         5,0 m 
Current:    speed 0,0 Nm/h 
Cargo:       590,4 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
Wear of fuel 
injectors on both 
engines. 
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 Data Notes 

Date 21 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
21-test-1 

Port of Ramsgate, UK. 
Navigation from  Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
Module TRGA on the settling tank is switched ON. 
 
Engine start:                                       14.20 hrs 
Leaving the Pear                                14.30 hrs 
Arrival Oostende                               18.25 hrs 
 
Data from the ship's bridge Log: 
21 August 2012 
Wind:         NE, force 8 
Sea:            2 
Draft:         4,6 m 
Current:    speed 0,1 Nm/h 
Cargo:       365,0 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
 
Wear of fuel 
injectors on both 
engines. 

 

 

 

 

 Data Notes 

Date 22 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
 
22-test-1 

Port of Oostende, Belgium 
Navigation from  Oostende to Ramsgate 
 
 Module TRGA on the buffer tank is switched OFF. 
 Module TRGA on the settling tank is switched ON. 
 
Engine start:                                       07.40 hrs 
Leaving the Pear                                07.50 hrs 
Arrival Ramsgate                               12.03 hrs 
 
Data from the ship's bridge Log: 
22 August 2012 
Wind:        W, force  5 
Sea:            3 
Draft:         4,7 m 
Current:    speed 0,5 to 1,25 Nm/h 
Cargo:       596,5 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
 
Wear of fuel 
injectors on both 
engines. 
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 Data Notes 

Date 22 August 2012  

Place and 
event 
 
Measurements 
on the PORT 
side engine 
 
 
 
 
22-test-2 

Port of Ramsgate, UK. 
Navigation from Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
Module TRGA on the settling tank is switched ON. 
 
Engine start:                                       14.20 hrs 
Leaving the Pear                                14.30 hrs 
Arrival Oostende                               18.20 hrs 
 
Data from the ship's bridge Log: 
22 August 2012 
Wind:         WSW, force 2 
Sea:            2 
Draft:         4,6 m 
Current:    speed 0,5 to 1,25 Nm/h 
Cargo:       501,0 tons 

Air turbine of port 
side engine is in 
excellent technical 
condition. 
 
Air turbine of stbd' 
side engine is NOT in 
the excellent 
technical condition. 
There is water vapor 
in the smoke gases. 
 
 
Wear of fuel 
injectors on both 
engines. 
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F.4.3 Navigational Charts  
(Route Oostende, Belgium – Ramsgate, UK – Oostende, Belgium) 
 
The course on route Oostende (B) – Ramsgate (UK): 
5 minutes on course 305° (AA)  
30 minutes on course 265° (BB)  
60 minutes on course 245° degrees (CC)  
130 minutes on course 295° (DD)  
 
The course on route Ramsgate (UK) – Oostende (B)  
130 minutes on course 115° (DD)  
60 minutes on course 65° (CC)  
30 minutes on course 85° (BB)  
5 minutes on course 125° (AA)  
 
 
Area selected for measuring of emissions using standard fuel 
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Area selected for measuring of emissions using standard fuel 
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Area selected for measuring of emissions using standard fuel 
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F.4.4 Selection of credible area for emission measurements during the engine operation on the 
standard fuel (19 August 2012) 
 
Baseline data 
 
1. Engine start was at 08.13 am, on 19 August 2012, 
2. Intervals between 09.02 and 09.03 almost were away for moderation and transitional regimes 
in the gas analyzer, 
3. Time required for a complete replacement from standard fuel to the treated fuel (volume of 
preparatory tank is 250 liters, system volume is 150 liters, fuel consumption is 16 liters per 
minute) for duration of 25 minutes,  
4. Module for homogenization was running on the buffer tank at 09.35 hrs. 
 

 
 
The requirement for the selection of a credible area was because of no significant fluctuations in 
the smoke gas parameters (stable operating mode) according to the criteria (by subtracting the 
regional areas and associated to him areas of moderation): 
 

 Parameter Interval, which respond to this criteria 

1 SO – indicator of fuel consumption from 08.41 to 09.59 hrs 

2 NO – rough indicator of constant engine 
load 

 
from 09.10  to 09.51 hrs 

3 СО – exact indicator of engine load from 09.22 to  09.58 hrs 

4 Start of use of treated fuel on engine 
injectors 

 
from 10.00 to 10.05 hrs 

5 All loads included from 09.24 to 10.00 hrs 
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Selected area on the nautical chart   

 

 

 

 

 

 
 

Specific features of the area chosen: 
 
- A relatively longer duration of 34 minutes, which allows the equalization of differences in the 
operation of the engine, 
- No longer shallow water areas, 
- Symmetrical courses from and to destination Ports as: 245° and 295° to 310°, 
- Majority lateral sea current that provides lower resistance than front current direction 
- Stable modes of engine operation (see chart below) 
 
 

 
 

Medium quantities of smoke gases:  СО = 384.581 NO = 899.84 SO = 239.96 
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Special Chart of СО SO2 NO emissions in correlation with trends confirming stable engine  
 

 

 
 

 

 
 

In this way, during the running of the engine on a standard, non treated fuel, with the highest 
level of credibility following levels of smoke gases was measured:  
СО = 384.581 NO = 899.84 SO = 239.96
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F.4.5 The comparative results of the emissions performance with standard fuel (19 August 
2012) and during the operation with the treated fuel - Module TRGA on the buffer tank, with 
subsequent disconnection of the Module  
 
 
 Data Notes 

Date 19 August 2012  

Place and event 
 
Measurements on 
the PORT side 
engine 
 
 
 
 
 
19-test-1 

Port of Oostende, Belgium. 
Navigation from Oostende to Ramsgate 
 
All Modules TRGA are switched OFF.  
 
Engine start:                                       08.09 hrs 
Leaving the Pear                                08.15 hrs 
Maneuvering start  on arrival           11.41 hrs 
Arrival Ramsgate                               12.48 hrs 
 
Switch ON  of Module TRGA on the buffer tank at  09.28 hrs 
Module on the buffer tank was operative on arrival to Ramsgate, on 
maneuvering and berthing and on departure from Ramsgate. 
 
Data from the ship's bridge Log: 
19 August 2012 
Wind:         SW, force  1 
Sea:            calm 
Draft:         5,0 m 
Current:    speed 0,8 to 1,2 Nm/h 
Cargo:       1.555,5 tons 

Air turbine of port side 
engine is in excellent 
technical condition. 
 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke gases. 
 
 
Wear of fuel injectors on 
both engines. 
 
 
Switch ON of Module on the 
buffer tank was affected 
after longer period of time. 

 
 
Overall chart of navigation  
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Operation on the standard (untreated) fuel, Area of stabilized parameters 
 

 
 

Numerical values of smoke gases with use of standard fuel:   
СО = 384.581 SO = 239.96 NO = 899.84 are the standard values. 
 
 
Switch ON of the module TGA 3G on the buffer tank at 09.28hrs 
Delay due to arrival of treated fuel in the system for 25 minutes 
 
 
Overall Chart of emissions from the start of engine on the treated fuel and before start of use of 
diesel oil 
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Chart of verified intervals for measurements  

 
Average values of smoke gases using the treated fuel 
СО = 372.9 (-3%)  SO2 = 241.2 (+0.54%)   NO = 920 (+2.24%) 
 

 
 

Average values of smoke gases using treated fuel 
СО = 371.6 (-3.38%)  SO2 = 236.7 (-1.35%)   NO = 925.3 (+2.8%) 
 
Observations: 
 
1.  Fuel was processed in the buffer tank. 
2. Measurements are carried out continuously, immediately after changing the fuel from the 

buffer tank. 
 
The only reason for the increase of the amount of NO is increase of the temperature in the 
combustion of fuel, or increase of the integrity of the combustion of fuel. This information is 
confirmed by reducing the level of СО. 
This process is accompanied by increase of the temperature in exhausted gases, which causes a 
slow burning of funnel lining. This proves initial increase and then decrease of the level of SO2. 
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 Data Notes 

Date 19 August 2012  

Place and event 
 
Measurements on 
the PORT side 
engine 
 
 
 
19-test-2 

Port of Ramsgate, UK. 
Navigation from Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
 
Engine start:                                       14.10 hrs 
Leaving the Pear                                14.20 hrs 
Arrival Oostende                               18.40 hrs 
 
Data from the ship's bridge Log: 
19 August 2012 
Wind:         calm (not exact data) 
Sea:            calm 
Draft:         5,0 m 
Current:    speed 0,0 Nm/h 
Cargo:       3.700 tons 
Module TRGA on the buffer tank switched OFF at 16.00 hrs 

Air turbine of port side 
engine is in excellent 
technical condition. 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke gases. 
 
Wear of fuel injectors on 
both engines. 

 

 

 
 

Exchange of the diesel oil with marine fuel from the buffer tank was started 10 minutes after 
departure from the Port of Ramsgate and we cannot explain following fact: 
 
Why after 10 + 25 = 35 minutes and even later, from 15.10 hrs to 15.40 hrs, mainly in 75 
minutes the level of SO2 arise on former level of 240 ppm? 
 
Having in mind that that vessel was carried two times more cargo onboard then on previous 
testing, the weather conditions were the same, in both testing no wind and no sea current was 
observed. 
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Chart of verified intervals for measurements 1. 

 
 
Average values of smoke gases using treated fuel 
СО = 360 (-6.4%)  SO2 = 231.6 (-3.47%)   NO = 866 (-3.76%) 
(using standard fuel - СО = 384.58  SO = 239.96  NO = 899.84) 
 
Specified interval 

 
 
Average values of smoke gases using treated fuel 
СО = 362.11 (-5.84%)  SO2 = 231.63 (-3.47%)   NO = 871 (-3.2%) 
(using standard fuel  СО = 384.58  SO = 239.96  NO = 899.84) 
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Observations: 
 
1.  At first startup of Module TRGA the following effects were generated: 
1.1.  Dilution of existing resin deposits in the fuel system and combustion of the same in the 

engine; 
1.2.  The increase of temperature of exhausted gases. 
 
This caused a short-term increase of smoke, quantity and size of particles in the smoke gases and 
the increase of SO2 emissions due to combustion deposits in the funnel tube. 
 
The time need to complete the combustion process depends on each system separately and can 
be varied from 2 to several hours. 
 
Chart of verified intervals for measurements 2. 

 
 

Time interval from 15.40 to 15.51 hrs, front wind and sea current were present.  
 
Average values of smoke gases using treated fuel 
СО = 379.8 (-1.24%)  SO2 = 242.36 (+1%)   NO = 878.7 (-2.3%) 
(using standard fuel СО = 384.58  SO = 239.96  NO = 899.84) 
 
 
In this way, the fuel combustion was higher (more SO2), level of СО was lower. 
 
 

 

 

 

 

 

 

 

 

 

 

0

100

200

300

400

500

600

700

800

900

1000

1
5

:4
0

:0
3

1
5

:4
0

:4
3

1
5

:4
1

:2
3

1
5

:4
2

:0
3

1
5

:4
2

:4
3

1
5

:4
3

:2
3

1
5

:4
4

:0
3

1
5

:4
4

:4
3

1
5

:4
5

:2
3

1
5

:4
6

:0
3

1
5

:4
6

:4
3

1
5

:4
7

:2
3

1
5

:4
8

:0
3

1
5

:4
8

:4
3

1
5

:4
9

:2
3

1
5

:5
0

:0
3

1
5

:5
0

:4
3

1
5

:5
1

:2
3

1
5

:5
2

:0
3

1
5

:5
2

:4
3

1
5

:5
3

:2
3

1
5

:5
4

:0
3

1
5

:5
4

:4
3

1
5

:5
5

:2
3

1
5

:5
6

:0
3

1
5

:5
6

:4
3

1
5

:5
7

:2
3

1
5

:5
8

:0
3

1
5

:5
8

:4
3

1
5

:5
9

:2
3

1
6

:0
0

:0
3



Page 56 of 140 

 

Interval of certified measurements with Module TRGA connected on preparatory tank 
 

 
 

 

Average values of smoke gases using treated fuel 
СО = 384.5 (0%)  SO2 = 245 (+2.3%)   NO = 871 (-3.2%) 
(using standard fuel  СО = 384.58  SO = 239.96  NO = 899.84) 
 
After disconnection of Module TRGA from the preparatory tank (at 16.00 hrs) and burned of all 
treated fuel (+25 minutes), the emissions of СО were returned on same levels.   
 
 
CONCLUSION  
 
Navigational time was 4 hours and 30 minutes in both directions. This confirms the fact that 
more loaded ship also increase fuel consumption, but in the case of calm wind and sea, when the 
ship's speed is constant or equal due to automatically leveling of engine revolutions. 
 
Use of Module TRGA for treatment of heavy fuel on the buffer tank, having in mind double 
increase of cargo onboard, decreased the CO emissions as follows: 
 
а) On entire time interval     from -1.24% to -6.4 % 
б) With excluding of interval of frontal wind  from -3.38% to -6.4 % 
 
The short photo session as approval is following. 
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Switch OFF of Module TRGA 
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F.4.6 The comparative results of emissions during operation on the treated fuel - Module TRGA 
on the buffer tank (20 August 2012) 
 

 Data Notes 

Date 20 August 2012  

Place and event 
 
Measurements 
on the PORT 
side engine 
 
 
 
20-test-1 

Port of Oostende, Belgium 
Navigation from Oostende to Ramsgate 
 
 Module TRGA on the buffer tank is switched ON.  
 
Engine start:                                       07.40 hrs 
Leaving the Pear                                07.50 hrs 
Arrival Ramsgate                               12.20 hrs 
 
Data from the ship's bridge Log: 
20 August 2012 
Wind:        W, force  4 
Sea:            2 
Draft:         4,6 m 
Current:    speed 0,4 Nm/h 
Cargo:       534,5 tons 

Air turbine of port side 
engine is in excellent 
technical condition. 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke 
gases. 
 
Wear of fuel injectors on 
both engines. 

 

Using of treated fuel: Module TRGA operates on the buffer tank. 
 
Time correction of routes/tracking: 
 
19 August 2012 departure from the Port of Oostende was at 08.15 hrs and arrival in the Port of 
Ramsgate was at 12.48 hrs (navigational time 04.38 hrs). 
 
20 August 2012 departure from the Port of Oostende was at 07.50 hrs, arrival in the Port of 
Ramsgate was at 12.20 hrs (navigational time 04.30 hrs). 
 
Taking into account the speed of the ship as conditionally steady all the time, we can use the 
previous navigational chart with following remark: correction "minus 25 minutes". 
 
The selections of credible intervals of measurement were based on the following factors: 

 
1.  Stable regime of engine operation. 
2.  Stable regime of measuring devices. 
3.  The same wind direction at the time interval. 
4.  The assumption that the engine load was at least same as on 19 August 2012. 
 
The actual facts were: ship's draft 4.6 m, frontal West wind with angle of 25° on the ship's 
course, the wind speed was 4 Nm/h, wave height was 2 (0.5 m). 
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Integral Chart 

 
 
Interval up to sign of 09.05 hrs was not counted due to engine transfer and calibration of 
measuring devices. 
 
Interval from o9.10 and up to 09.35 hrs was not counted due to ship's maneuvering and entering 
into frontal wind and wave.  
 

 
 
Interval between 09.35 and 09.47 hrs was not counted due to lower quantities of CO and due 
to short interval. 
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First approved interval for measurements was between 09.56 and 10.42 hrs. All chart values 
were stable. Interval duration was 45 minutes. 

 
 

The average values of smoke gases using the fuel treated with module TRGA on the buffer tank 
were: СО = 361.48 (-6%)  SO = 240.3 (+0.14) NO = 861.78 (-4.2%) 
(using standard fuel СО = 384.58 SO = 239.96 NO = 899.84) 
 
At 10.30 hrs the engine load was higher, this was documented by photos and film: the wind 
was changing occasionally direction to the frontal side; the production of СО and SO2 was 
higher, having in mind the most stable time interval for measurement between 10.00 and 
10.30 hrs, the average values of measurements were as follows: 
 

 
 
The average values of smoke gases using the fuel treated with module TRGA on the buffer tank 
were: СО = 357.15 (-7.13%)  SO = 240.57 (+0.15) NO = 861.4 (-4.1%) 
(using standard fuel СО = 384.58  SO = 239.96  NO = 899.84) 
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Next verified interval was between 11.00 and 11.30 hrs. 
 

 
The average values of smoke gases using the fuel treated with module TRGA on the buffer tank 
were:  СО = 351.76 (-8.53%)  SO = 239.96 (0) NO = 863.16 (-4.07%) 
(using standard fuel СО = 384.58  SO = 239.96  NO = 899.84) 

The area where the consumption was switched from heavy fuel to the diesel oil was not 
analyzed.  

 

Above: arrival in the Port of Ramsgate with use of diesel oil treated with Module TRGA 

Below: arrival in the Port of Oostende, using the heavy fuel, without using the module TRGA 
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The results of emissions 
during the use of treated fuel - Module TRGA on the buffer tank 

(20 August 2012) 
 

 Data Notes 

Date 20 August 2012  

Place and event 
 
Measurements 
on the PORT 
side engine 
 
 
 
20-test-2 

Port of Ramsgate, UK. 
Navigation from Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
 
Engine start:                                       14.20 hrs 
Leaving the Pear                                14.30 hrs 
Arrival Oostende                               18.25 hrs 
 
Data from the ship's bridge Log: 
20 August 2012 
Wind:         SE, force 1 - 5 
Sea:            4 
Draft:         5,0 m 
Current:    speed 0,0 Nm/h 
Cargo:       590,4 tons 

Air turbine of port side 
engine is in excellent 
technical condition. 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke 
gases. 
 
Wear of fuel injectors on 
both engines. 

 

Using of treated fuel, Module TRGA on the buffer tank. 
 
Time correction of routes/tracking: none, using the original navigational chart from the ship's 
bridge. 
 
The selection of a credible intervals for measurement was based on the following factors: 

 
1.  Stable regime of engine operation, 
2.  Stable regime of measuring devices, 
3.  Same wind direction during the intervals, 
4.  The assumption that the engine load was at least same as on 19 August 2012. 
 
The actual facts were: ship's draft 5 meters, SE wind in the navigation towards Dunkirk, then the 
side wind, on the angle of 25° on the course of the ship. Wind speed was 1 Nm/h, the wave 
height was 4 (0.75-1.25 meters). 

 
Taking into account the weather conditions, these should be considered as: 

 
1.  Comparable to the conditions on 19 August 2012, 
2.  Conditions were more burdensome than those on first testing of same day, 20 August 2012. 
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Navigational chart/routes on 20 August 2012 (present testing) 
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The chart of measurements dated 19 August 2012 (for comparison) 
In both cases the departure was from the port of Ramsgate using Module TRGA on the buffer 
tank. 
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Comparing the same time Interval from 15.10 to 15.40 hrs 

 
 

The average values of smoke gases using the fuel treated with module TRGA on the buffer tank 
were:   СО = 364.3 (- 5.27%)  SO = 224.5   (-6.44)   NO = 865.7 (-3.8%) 
(using standard fuel   СО = 384.58  SO = 239.96  NO = 899.84) 
This interval from 15.10 to 15.40 hrs was excluded from the measurement due to diverse 
emissions SO2 not stable on the level of 239 – 241 ppm.  

 
Observing time interval from 15.03 to 16.47 hrs 

 
 
The average values of smoke gases using the fuel treated with module TRGA on the buffer tank 
were: СО = 351.02 (-8.72%)  SO =   241 (+0.4)     NO = 858.15 (-4.6%) 
(using standard fuel  СО = 384.58  SO = 239.96  NO = 899.84) 
 
Time Interval from 16.50  to 16.56 hrs was excluded due to preparation work on measuring 
devices. 
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Time Interval from 16.57 to 17.30 hrs 

 
The average values of smoke gases using the fuel treated with module TRGA on the buffer tank 
were:  СО = 337.7 (-12.17%)       SO = 243.15 (+0.4%)     NO = 853.8 (-5.1%) 
(using standard fuel  СО = 384.58   SO = 239.96 NO = 899.84) 
 
Time Interval from 16.57 to 17.30 hrs was excluded due to blows of strong stern winds.  
 
Time Interval from 17.32 to 17.51 hrs 

 
 

Time Interval from 17.32 to 17.51 was excluded due to strong blows of stern wind. 
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For more clear picture of situation, please see two Charts presenting the arrival of the ship in 
the port using Module TRGA on the buffer tank 
 

 

 
 

The Module TRGA on the buffer tank was given following results:       
 
СО = 361.48 (-6%)          SO = 240.3 (+0.14)       NO = 861.78 (-4.2%) 
СО = 361.48 (-6%)          SO = 240.3 (+0.14)        NO = 861.78 (-4.2%) 
СО = 357.15 (-7.13%)     SO = 240.57 (+0.15)      NO = 861.4 (-4.1%) 
СО = 351.76 (-8.53%)     SO = 239.96 (0)             NO = 863.16 (-4.07%) 
СО = 364.3 (- 5.27%)     SO = 224.5 (-6.44)       NO = 865.7 (-3.8%) 
СО = 337.7 (-12.17%)   SO = 243.15 (+0.4%)   NO = 853.8 (-5.1%) 
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CONCLUSIONS 
 
1. Use of the module TRGA for processing of heavy fuel on the buffer tank, having in mind same 
weather conditions, was lowered CO emissions as follows:  
 
а) For the entire time Interval  from -5.27% to -12.1% 
b) The most authentic result  from -5.27% to –6% 
 
2. All mutual conditions are giving the conclusion on their comparability with testing of previous 
day. 
 
3. The results obtained are comparable with the results obtained on 19 August 2012. 
 
Below follows a brief photo report. 
 

 

Unburned particles of soot, in continuing tearing off from the funnel wall. 
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Departure from the port of Oostende:  smoke gases caused from still cold engine, 
malfunctioning of injectors, higher viscosity of fuel due to overflow of fuel  
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Frontal wind 
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This are not traces of smoke but continuous »cleaning« of ship's funnel… 
 

 



Page 93 of 140 

 

 
 

Smoke gases were less time to time: photos with working engine 
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Smoke gases were less time to time: photos with working engine 
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At present time the Module TRGA was in function on the settling tank. 
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F.4.7 The comparative results of emissions during using of treated fuel with module TRGA on 
the buffer tank and on the settling tank (21 August 2012) 

 
 Data Notes 

Date 21 August 2012  

Place and event 
 
Measurements 
on the PORT 
side engine 
 
 
 
21-test-1 

Port of Oostende, B 
Navigation from Oostende to Ramsgate 
 
Module TRGA on the buffer tank is switched ON.  
Module TRGA on the settling tank is swtiched ON. 
 
Engine start:                                       
Leaving the Pear                                 
Arrival Oostende                               
 
Data from the ship's bridge Log: 
21 August 2012 
Wind:         
Sea:            
Draft:         
Current:     
Cargo:        

Air turbine of port side 
engine is in excellent 
technical condition. 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke 
gases. 
 
Wear of fuel injectors on 
both engines. 

No any measurements were done in the navigation from Oostende to Ramsgate  due to 
necessary full treatment of fuel with Module TRGA in the settlement tank. 
 Data Notes 

Date 21 August 2012  

Place and event 
 
Measurements 
on the PORT 
side engine 
 
 
 
21-test-2 

Port of Ramsgate, UK. 
Navigation from Ramsgate to Oostende 
 
Module TRGA on the buffer tank is switched ON.  
Module TRGA on the settling tank is switched ON. 
 
Engine start:                                       14.20 hrs 
Leaving the Pear                                14.30 hrs 
Arrival Oostende                               18.25 hrs 
 
Data from the ship's bridge Log: 
21 August 2012 
Wind:         NE, force 8 
Sea:            2 
Draft:         4,6 m 
Current:    speed 0,1 Nm/h 
Cargo:       365,0 tons 

Air turbine of port side 
engine is in excellent 
technical condition. 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke 
gases. 
 
Wear of fuel injectors on 
both engines. 

 

Engine functioning on the treated fuel:  
 
First Module TRGA works on preparatory tank,  
Second module TRGA works on settlement tank. 
 
Time correction of routes/tracking: none. 
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The selection of a credible intervals for measurement was based on the following factors: 
 
1.  Stable regime of engine operation, 
2.  Stable regime of measuring devices, 
3.  Same wind direction during the intervals, 
4.  The assumption that the engine load was at least same as on 19 August 2012. 
 
The actual facts were: ship's draft 4,6 meters, NE wind from the side before 17.30 hrs, then 
frontal (side) wind on the angle of 40° on the course of the ship. Wind speed was 8 Nm/h, the 
wave height was 2 (0,5 meters). 
 
 

 
 

 
 

The best time interval for measurements was from 16.50 hrs forward.  
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Integral chart (in two parts due to automatic exchange of electronic mapping for saving 
measuring data) 

 

 
 

Prior analyzing of the results ref. to the emission in some regions, it is necessary to analyze the 
areas of emissions changes on departure from the Port of Ramsgate, using standard fuel (Chart 
1), then using the fuel treated with the Module TRGA on the buffer tank (Chart 2) and during 
operation of the entire system, where two modules TRGA were working at the same time, on 
the buffer tank and on the settling tank (Chart 3). 
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Chart 1.    19 August 2012 standard fuel 
 

 
Chart 2.  20 August 2012 Fuel treated on the buffer tank 

 
Chart 3.   21 August 2012 fuel treated on the buffer tank and on settling tank 

 
 

The Charts are showing the shortness of the time intervals of engine start in stable regime, due 
to higher level of fuel treatment. 
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Let's go back to the selection and analysis of credible time intervals for measurements. 
 
Time Interval between 14.25 and 15.15 hrs was not considered due to for transitional engine 
arrangements and preparation of measuring devices. 
 
The time interval between 15.15 and 16.10hrs is consisting of 2 very strong intervals (20 minutes 
and 30 minutes), which closely corresponds to the shallow water areas (see nautical chart), and 
affecting the load of the engine. Sizes of the emissions in each of them are stable, but not 
showing the whole picture. However, look at the charts and average values... 

 

 
 

Average values of smoke gases:   
СО = 346 (-10%)  SO = 234.7 (-0.2%)  NO = 851.56 (-5.36) 
(using standard fuel  СО = 384.58  SO = 234.96  NO = 899.84) 
 
Next time interval was between the moderation of measuring devices also have two intervals, 
first from 16.17 and 16.49 hrs before the change of the course of navigation (side wind), and 
second from 16.50 to 17.40 hrs when frontal wind was blown, force 8 Nm/h. 
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Time Interval from 16.17 to 16.49 hrs, before change of course (side wind) 

 
 

Average values of smoke gases:        
СО = 327 (-14.97%)  SO = 238.9 (+1.67%)  NO = 859.4 (-4.49%) 
(using standard fuel  СО = 384.58  SO = 234.96  NO = 899.84) 
 
Time interval from 16.50 to 17.40 hrs after change of course (frontal wind) 

 
 

Average values of smoke gases:       
СО = 337.1 (-12.34%)  SO = 238.3 (+1.65%)  NO = 855.18 (-4.96%) 
(using standard fuel  СО = 384.58  SO = 234.96  NO = 899.84) 
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Average values of smoke gases:       
СО = 332 (-13.67%)  SO = 238 (+1.7%)  NO = 843.6 (-6.25%) 
(using standard fuel  СО = 384.58  SO = 234.96  NO = 899.84) 
 
Use of two Modules TRGA, one on the buffer tank and second on the settling tank were given 
following results: 
       
СО = 346 (-10%)            SO = 234.7 (-0.2%)       NO = 851.56 (-5.36) 
СО = 327 (-14.97%)      SO = 238.9 (+1.67%)    NO = 859.4 (-4.49%) 
СО = 337.1 (-12.34%)   SO = 238.3 (+1.65%)    NO = 855.18 (-4.96%) 
СО = 332 (-13.67%)      SO = 238 (+1.7%)          NO = 843.6 (-6.25%) 
 
 
 
CONCLUSIONS 
 
1. Use of both Modules TRGA for processing of heavy fuel on the buffer tank and on the settling 
tank, having in mind same weather conditions, was lowered CO emissions as follows:  
 
а) For the entire time Interval  from -10% to -14,97% 
b) The most authentic result  from -12,34% to –13,67% 
 
2. All mutual conditions are giving the conclusion on their comparability with testing of previous 
day. 
 
3. The results obtained were comparable with the results obtained on 19 August 2012 and 20 
August 2012. 
 
Below follows a brief photo report. 
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RO-RO vessel »Gardenia », on the route between Ramsgate to Oostende, the photos were 
done in navigation, passing  »Larkspur«, the main reason was to show smoke gases from the 
both engine's funnels and to compare them with smoke gases observed on the port side 
engine onboard RO-RO vessel »Larkspur« 
 

 
RO-RO vessel »Gardenia« 
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RO-RO vessel »Gardenia« 
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Smoke from the port side funnel onboard RO-RO vessel »Larkspur« 
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Smoke from the port side funnel of »Larkspur« 
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F.4.8  The comparative results of emissions during operation on the treated fuel with the 
module TRGA on the buffer tank and on the settling tank (22 August 2012) 
 
 Data Notes 

Date 22 August 2012  

Place and event 
 
Measurements 
on the PORT 
side engine 
 
 
 
 
22-test-1 

Port of Oostende, Belgium 
Navigation from Oostende to Ramsgate 
 
 Module TRGA on the buffer tank is switched OFF. 
 Module TRGA on the settling tank is switched ON. 
 
Engine start:                                       07.40 hrs 
Leaving the Pear                                07.50 hrs 
Arrival Ramsgate                               12.03 hrs 
 
Data from the ship's bridge Log: 
22 August 2012 
Wind:        W, force  5 
Sea:            3 
Draft:         4,7 m 
Current:    speed 0,5 to 1,25 Nm/h 
Cargo:       596,5 tons 

Air turbine of port side 
engine is in excellent 
technical condition. 
 
Air turbine of stbd' side 
engine is NOT in the 
excellent technical 
condition. There is water 
vapor in the smoke 
gases. 
 
Wear of fuel injectors on 
both engines. 

 
Functioning of engine on the treated fuel:  
 
First Module TRGA switched OFF on buffer tank,  
Second module TRGA working on settlement tank. 
 
Time correction of routes/tracking: 15 minutes. 
 
On 19 August 2012 departure from the Port of Oostende at 08.15 hrs, arrival in the Port of 
Ramsgate at 12.48 hrs (navigation time 04.38 hrs). 
 
On 22 August 2012 departure from the Port of Oostende at 08.00 hrs, arrival in the Port of 
Ramsgate at 12.03 hrs (navigation time 04.03 hrs). 
 
Having in mind that the ship's speed was constant, precedent navigational chart should be used, 
including time marks on the chart with remark »minus 15 minutes«. 
 
The selection of a credible intervals for measurement was based on the following factors: 
 
1.  Stable regime of engine operation, 
2.  Stable regime of measuring devices, 
3.  Same wind direction during the intervals, 
4.  The assumption that the engine load was at least same as on 19 August 2012. 
 
The actual facts were: ship's draft 4,7 meters, W frontal (side) wind on the angle of 40° on the 
course of the ship. Wind speed was 8 Nm/h, the wave height was 3 (0,5 to 0,75 meters). Low sea 
current from stern direction. 
  
 
 



Page 118 of 140 

 

 
 

 
 

 
 

0

200

400

600

800

1000

1200

7
:5

9
:0

3

8
:0

7
:3

5

8
:1

6
:0

7

8
:2

4
:3

9

8
:3

3
:1

1

8
:4

1
:4

3

8
:5

0
:1

5

8
:5

8
:4

7

9
:0

7
:1

9

9
:1

5
:5

1

9
:2

4
:2

3

9
:3

2
:5

5

9
:4

1
:2

7

9
:4

9
:5

9

9
:5

8
:3

1

1
0

:0
7

:0
3

1
0

:1
5

:3
5

1
0

:2
4

:0
7

1
0

:3
2

:3
9

1
0

:4
1

:1
1

1
0

:4
9

:4
3

1
0

:5
8

:1
5

1
1

:0
6

:4
7

1
1

:1
5

:1
9

1
1

:2
3

:5
1

1
1

:3
2

:2
3

1
1

:4
0

:5
5

1
1

:4
9

:2
7

1
1

:5
7

:5
9

1
2

:0
6

:3
1

1
2

:1
5

:0
3

1
2

:2
3

:3
5

1
2

:3
2

:0
7



Page 119 of 140 

 

Time interval before 08.27hrs: different speed and frontal wind. 
Time interval from 08.32 to 09.15 hrs: frontal wind under angle. 
Time interval from 09.20 to 09.30 hrs: course change due to frontal wind. 
Time interval from 09.30 to 10.30 hrs: permanent course with frontal wind under angle. 
Time interval from 10.30 to 11.45 hrs: passing the area of shallow waters and course change to 
the frontal wind. 
Excluded from Charts the moderation of measuring devices and verified time interval was used 
from 09.30 to 11.00 hrs, entire time interval was of 90 minutes. 
 

 
Average values of smoke gases:       
СО = 344.62 (-10.39%)  SO = 230.1 (-2.06%)  NO = 865.8 (-3.78%) 
(using standard fuel  СО = 384.58  SO = 234.96  NO = 899.84) 
 
Another verified time interval, from 08.19 to 09.10 hrs 

 
 

Average values of smoke gases:       
СО = 359.68 (-6.47%)  SO = 236.35 (+0.6%)  NO = 871.46 (-3.15%) 
(using standard fuel  СО = 384.58  SO = 234.96  NO = 899.84) 
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CONCLUSIONS 
 
1. Use of one Module TRGA for processing of heavy fuel on the settling, having in mind same 
weather conditions, was lowered CO emissions as follows:  
СО = 344.62 (-10.39%)     SO = 230.1    (-2.06%)    NO = 865.8   (-3.78%) 
СО = 359.68 (-6.47%)       SO = 236.35 (+0.6%)     NO = 871.46 (-3.15%) 
 
Entire time Interval was from -6,47% to -10,39%. 
 
2. All mutual conditions are giving the conclusion on their comparability with testing of previous 
day. 
 
3. The results obtained are comparable with the results obtained on 19 August 2012, 20 August 
2012 and 21 August 2012. 
 
The analysis of photos are showing that engine revolutions in the time of using treated fuel were 
higher than engine revolutions in the time using standard fuel – please see the comparison. 

 
 

 

 

 

 

 

Photo of Tachometer onboard m/v 
»Larkspur« on 19 August 2012 
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The Module TRGA switched OFF on the buffer tank  
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Decreasing of smoke gases on departure from the Port using heavy fuel 
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Smoke gases detection onboard sister ship »Gardenia« without module TRGA 
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Comparison of smoke gases detection on both ships at same time  
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EU Certificate No. IZV-PED-A1-06-810-11-01 for Module TRGA 
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Statement of RACI Ltd. Ljubljana, R Slovenia, official performer of measuring and testing 
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Statement of Ship owner of RO-RO vessel »Larkspur«, Messrs. Transeuropa Ferries Ltd. Koper, 
R Slovenia 
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LIST OF ATTACHMENTS TO THIS PILOT PROJECT 

 

Other available documentation (as attachments to this Pilot Project, in PDF form) 

 
1. Monitoring report of emissions to atmosphere; object: Left exhaust of RO-RO ship Larkspur 
[RACI Report emissions Sept 2012 ENG.pdf] 
 
2. RACI measuring data m/v Larkspur.pdf 
 
 

 
 

 

file:///C:\Users\boris\Desktop\Local%20Settings\Temp\Ostale%20priloge\MONITORING%20REPORT%20OF%20EMISSIONS%20TO%20ATMOSFERE0922012ABIMONT_EN.pdf
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