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Background

• 2002 – NanoNord founded by Ole Jensen. Acquires cleanroom 
facilities of JDSU and transfers to Aalborg University

• 2004 – Investment by Vesterhavet A/S
• 2005 – Begins development of Lab-On-A-Ship™; 
• 2006 – Cooperation agreement with Lloyds Register on Lab-On-A-

Ship™ - sales channel and expert software
• 2007 – Initiates DKK20.5 million NMR R&D project with Aarhus 

University and Højteknologifonden, Den Danske Maritime Fond 
• 2007 – first sales for Lab-On-A-Ship™ product
• Multi-disciplinary team of 12 engineers
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Ownership

• Ole Jensen
• Founded company in 2002
• Previously founded Digianswer in 1986
• Developed many products in 

Telecommunications industry
• Pioneered Bluetooth development
• Sold company to Motorola 1999.
• Member of iNano Board (Aalborg and Aarhus 

Universities co-op.)

• Vesterhavet
• Holding company of J-Lauritzen 
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Typical Installation Schematic
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Parameter Description Reference

Viscosity @40/50°C Kinematic viscosity displayed in cSt with a referral to 50°C for HFO 
and 40°C for MDO. Oil is measured at several temps/pressures, 
from which reference to 40/50 degrees is done.

ISO 3104

Density @15°C
(800 – 1,200 kg/m³)

Density is measured at same conditions as viscosity from which 
values at 15°C and 1 bar is extrapolated which then is converted to 
Vacuum conditions.

ISO 12185

Oil temperature @12.5 cSt The oil temperature required for a viscosity of 12.5 cSt. Extrapolated 
from above described measurements.

NanoNord 

Gas Content @50°C and 1 bar The amount of gas trapped in oil at actual bunkering temperature. 
Extrapolated  by looking at density versus pressure of oil.

NanoNord

Water
(0.03 – 5% V/V)

Volume of water evaporated through distillation and condensed 
relative to remainder of distilled oil.

ISO3733

Sulphur
(0.1 – 5.0%m/m)

Measured level of sulphur using X-Ray Fluorescence. ISO 8754

Vanadium
(10 – 1000 mg/kg)

Measured level of vanadium using X-Ray Fluorescence. ISO 14597/IP470

Catfines – Silicon/Aluminium
(10 – 200 mg/kg)

Measured level of catfines (Al+Si) using X-Ray Fluorescence. ISO 10478

Potassium
(10 – 1000 mg/kg)

Measured using X-Ray Fluorescence

Sodium
(40 – 1000 mg/kg)

Chlorine is measured by X-Ray Fluorescence, from which Sodium is 
estimated by assuming Chlorine is present as NaCl

Calcium
(10 - 5000 mg/kg)

Measured using X-Ray Fluorescence ISO 14597

Estimated ash Calculated, an estimate of ash remainder after combustion –
(2x(2xNa+Va+other elements)).

FOBAS

Net Specific Energy Calculated using measured values of density, water, sulphur and 
ash estimate.

ISO 8217, Annex A

CCAI Calculated 

H2S Only available if gas analyzer option is installed

Parameters Measured
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Density, Viscosity and Gas Contents

• Based on commercial, calibrated mass-flow meter product. 
• The density of oil is calculated directly from resonance 

frequency of oscillating U-tube.
• Correlation of mass flow with differential pressure gives 

the oil viscosity.
• Density measurements at different pressures allows to 

evaluate total gas contents in the oil.
• Viscosity values are referred to 50°C (ASTM D341) and 

density to 15°C (ISO 91), 1 atm. by polynomial fitting as a 
function of temperature.

• Temperature gradient is used to evaluate the heat capacity
of the oil.

Low pressure

High pressure

Gas bubble

Change in density
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Density & Viscosity 
Reproducibility/repeatability

Findings:
• LabOnAShip and laboratories shows generally good reproducibility performance compared with ISO.
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Vacuum Distillation

• Distillation ”boils off” water and 
volatile components of the oil.

• Distillates are detected both 
dielectrically and by volume.

• Because dielectric properties are 
approx 40 times higher for water 
than for oil, both the distilled 
water and the distilled oil amount 
are each measured accurately.

• Dataset exists to correlate the 
distilled oil component in relation 
to flash point and ignition quality 
in the future.

Liquid phase

Gas phase

Vapor pressure curves:

Oil
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Water Repeatability / Reproducibility

Findings: 
• Lab-On-A-Ship measures water amount upto 3% in HFO within ISO specs
• Will investigate why lab data shows less precision. Mixing related ? 
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State-of-the-art NanoNord XRF Based On CCD 
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Mean of Labs compared to one 
LabOnAShip system

Sulphur –
Repeatability/Reproducability

Findings:
• Sulphur shows perfect correlation between labs and LabOnAShip. 
• Both methods based on Xray so results is expected.
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Gas ChromatographyGas Chromatography

Single instrument measures
• Exhaust gases

• Carbon monoxide CO
• Carbon dioxide CO2

• Oxygen O2

• Sulphur dioxide SO2

• Nitrogen oxides as NO
• Hydrocarbons C1 to C6 +

• Gas from distillation of fuel oil (when combined with Lab-On-A-Ship™ Oil 
Analyser) measures H2S  and Hydrocarbons C1 to C6 +

• Robust – used extensively on oil platforms and at sea
• Low maintainance
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Reporting via Reporting via Lab-On-A-Ship� � � �� 	 � 
 � ���� � 	 � �� � 	

• Available data sources in Lab-On-A-Ship� � � � � � � � �
• Gas chromatograph
• Massflow meters on oil consumption lines

• Drive shaft torque/RPM meter

• Main engine inlet air/humidity/pressure
• Lab-On-A-Ship oil parameters

• Ships Management System (Interface to be clarified)

Report format to comply with NOx 
Technical Code, other legislative 
requirements and company 
requirements

Fleet data aggregation in shore 
based server
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PC-software – System Status Screen
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Data Display – Linked to Alert feature



LLOYD’S REGISTER FOBAS  On-Board Service  
NanoNord A/S  Lab-On-A-Ship�

Data Charts from Main Engine Inlet 
on M/S Pearl of Scandinavia (Week view May 15.-22) 

2008)

The trend is showing 
a Water Peak on the 

Main Engine

Please observe that M/S 
Pearl is switching 

between HFO while at 
sea (16 hours) and to 

diesel while in harbor (8 
hrs).
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Please observe that M/S 
Pearl is switching 

between HFO while at 
sea (16 hours) and to 

diesel while in harbor (8 
hrs).
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Lab-On-A-Ship� +FOBAS On-board Service –
System Core Benefits - Summary

• During Bunkers:-
• Early verification of fuel quality - early action with supplier 

reducing delays and avoiding de-bunker. 
• Summary reports shipped to operations and or  FOBAS
• True density for BDN sign off of quantity loaded

• On Board in line real-time:
• Effective pre-treatment of fuel
• Energy optimization and accounting
• Sulphur condition for emission compliance verification
• Effective cylinder oil management of feed rate = reduced costs (-30% MAN)
• Abrasives/water alert  in line - preventing engine damage
• Engine system oil condition monitoring 
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Down-scaling of NMR

• Many research groups around the world 
focus on lowering the cost and size of NMR.

• State-of-the-art: NMR mouse – a handheld 
NMR scanner (shown below).

• The NanoNord NMR: A medium-sized, low-
cost NMR system based on commercially 
available cylindrical bore permanent 
magnets.

http://www.bruker-biospin.com/
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On-Board NMR
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For further information please contact:

Nanonord A/S
Ultan O’Raghallaigh,
Tel: +45 96 34 15 90
ultan@nanonord.dk

The Lloyd’s Register Group 
works to enhance safety and 
approve assets and systems at 
sea, on land and in the air –
because life matters.
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