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7.2.1   Errors related to measurement object
Sources of errors are often already present in the measurement object, for example:
• Lack of homogeneous composition of a gas.
• No long enough straight area for a volume measurement.
• A temperature measurement done on the ‘shade side’.

7.2.2 Errors in the measurement or determination method
These so-called method errors often lead to wrong measurement or analysis results. It is hidden in the way the work 
is done. The measurement influences the value to be measured. e.g. when doing a velocity measurement in a small 
pipe, the pitot tube blocks a large part of the pipe so that a wrong velocity is measured.

7.2.3   Instrument errors
These mistakes hide in the instruments used. They can be the result of calibration errors or adjustment errors. It is 
also quite common for the zero point or reference point of a measuring device to not be constant.

7.2.4   Errors that are created during the execution of the measurement
This type of error is mainly created by the person carrying out the measurement and can be avoided through 
correct and careful carrying out of the measurement.

7.2.5   Errors resulting from external influences
This type of error is created outside of the actual execution of the experiment, and yet influence the result, for 
example:
• magnetic fields around measuring equipment
• vibrations
• humidity
• weather conditions

7.2.6 Errors in the interpretation of the errors
In this respect, one must ask oneself whether what one is measuring is actually what one thinks one is measuring. 
One must be certain that the method used is the correct one for what needs to be determined.

7.3 Kinds of errors that may occur
The errors that may occur during a measurement can be 
subdivided into the following categories:
•  Systematic errors
•  Chance errors
•  Parasitic errors

7.3.1 Systematic errors
Systematic errors are errors that influence a measurement in the same way every time. They always result in a value 
that is either too high or too low. The error is not reduced by repeating the measurement many times.

The systematic errors are mainly errors in the measuring equipment and are the result of the wrong calibration of an 
instrument or by a null setting that is incorrect.

The systematic errors can be subdivided into two large groups:
a)  Constant systematic errors
  These are normal for all measurements executed under the same circumstances and are constant over time but,  

 depending on the nature of the error, they can vary with the value resulting from the measurement.
b) Variable systematic errors
  These can be the result of not keeping the conditions under which the measurement is being executed constant.  

 For instance, if the temperature rises near a measuring instrument that has been calibrated for a certain 
  temperature.
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A second type of variable systematic error can result from measuring with a digital instrument on a continually 
varying value.

7.3.2 Chance errors, replicability
Chance errors are defined as errors for which the magnitude and direction are completely dependent on chance 
and which can therefore be different for each and every measurement. If many measurements are conducted, the 
errors can partially compensate each other.

Another term that is often used in this context is replicability: the correspondence between several measurements 
of the same value with the same method. If something is replicable, it does not automatically mean that there is 
no systematic error. A systematic error can only be tracked down by carrying out the measurement with a different 
method.

It won’t always be possible to put an error into one of these two groups because, on the one hand, subjective 
criteria are used to classify the error and, on the other hand, the errors that occur are often partially systematic and 
partially due to chance.

7.3.3  Parasitic errors
Parasitic errors are errors like human error or errors that result from the temporary failure of a measuring instrument. 
The observations that suffer from this kind of error should not be included in the averaging of the measurement 
values because they can produce large deviations in the results.

7.4 Measurement uncertainties
The following measurement uncertainties have to be taken into account:

Table 7.1 Overview of measurement uncertainties

Total unc.

NOx 10%

O2 10%

CO2 10%

CO 10%

PM 50%
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APPENDICES 
 
 
 
Appendix A. Calculations performed as per MARPOL 
 
 
Before Treatment 
 
Table A.1 Results environmental measurements    
 Engine        
 Type   6Mu451 AK    
 Number   24652     
 Location   MS Catharina    
 Fuel 1 Oil        
 Type   LFO    
 Test        
 Date   16-1-2013     
 Start  (hh:mm) 10:05  10:19 10:33 10:51 
 End  (hh:mm) 10:15  10:29 10:43 11:01 
 Engine conditions        
 P Load  (kW) 782  676 430 224 
 nd Number of revolutions (rpm) 352  340 302 240 
 qmf Fuel consumption (oil) (l/h) 188.00  165.00 108.00 58.00 
 Ta Suction air temperature (°C) 13  13 14 14 
 LT cooling w ater before engine (°C) 22  20 18 17 
 Ignition angle  (°)      
 pc Charge air pressure (bar) 0.90  0.74 0.42 0.15 
 Tsc Charge air temperature (°C) 45  43 36 23 
 Ambient air        
 Atmospheric pressure (mbar) 1009  1009 1010 1009 
 Temperature  (°C) 14  14 14 15 
 Relative humidity  (%) 44  43 40 39 
 Results flue gas measurements       
 Texh Temperature (°C) 329  326 308 261 
 O2  (vol% dry flue gas) 14.5  14.5 14.5 15.5 
 CO2  (vol% dry flue gas) 4.7  4.7 4.6 3.9 
 CO  (vppm dry flue gas) 94  60 53 62 
 NOx  (vppm dry flue gas) 1,339  1,402 1,441 1,127 
 Particle measurement       
 Filternumber   ME 488  ME 481 ME 482 ME 483 
 Tare w eight  (g) 1.105  1.111 1.127 1.109 
 Gross w eight  (g) 1.166  1.142 1.160 1.164 
 Sampling volume  (m03 dry flue gas) 0.87  0.85 0.71 1.11 
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Table A.2 Calculated air and combustion data    
 Engine        
 Type   6Mu451 AK    
 Number   24652     
 Location   MS Catharina    
 Air data        
 Atmospheric pressure (mbar) 1009.4  1009.4 1009.5 1009.4 
 Temperature  (°C) 14.0  13.8 14.0 14.5 
 Relative humidity  (%) 44.0  43.0 40.0 39.0 
 Absolute humidity (vol%) 0.69  0.67 0.63 0.63 
 Absolute humidity (Ha) (g/kg dry air) 4.34  4.18 3.94 3.97 
 Water saturation pressure at Rt (mbar) 95  86 59 28 
 Absolute humidity Turbo (Hsc) (g/kg dry air) 33  32 27 15 
 Fuel        
 Oil type   LFO    
 Identification code  EN-590    
 Density at 15 °C  (kg/l) 0.840     
 Net caloric value  (MJ/kg) 42.66     
 Carbon-content  (% m/m) 86.00%     
 Hydrogen-content (% m/m) 13.00%     
 Nitrogen-content  (% m/m) 0.10%     
 Sulphur-content  (% m/m) 0.00%     
 Calculated stoichiometric combustion data  Fuel 1    
 Dry air demand  (m3/kg) 11.07     
 Dry flue gas flow  (m3/kg) 10.35     
 Wet flue gas flow (m3/kg) 12.07     
 Fuel 1 Oil consumption (kg/h) 158  139 91 49 
 Calculated actual combustion data       
 Air factor EAF   3.10  3.10 3.11 3.63 
 Dry flue gas flow  (m3/kg) 33.6  33.6 33.8 39.5 
   (m3/h) 5299  4651 3063 1924 
 Wet flue gas flow (m3/kg) 35.2  35.2 35.4 41.1 
   (m3/h) 5557  4876 3210 2004 
 Water concentration (vol% w et flue gas) 4.6  4.6 4.6 4.0 
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