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EMISSIONS LIMITS 
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• NOx limit dependent on engine rated speed.  
• Test cycle: ISO 8178-4, E2/E3/D2/C1 (according to engine operation).  
• Test condition: 25°C air temperature / 25° C water temperature  

• Particulate and SOx emissions are limited via fuel quality.  
Figures: VDMA brochure (Exhaust emission legislation Diesel and gas engines) 

 



PORTABLE EMISSION MEASUREMENT 
SYSTEM 
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Laboratory equipment Portable Emission 
Measurement System 



EMISSION MEASUREMENT ON BOARD 
WITH PEMS 

 
- Direct measurement and monitoring on board: 

-  compliance with emission limits 
-  compliance with regulations 
-  or decision-making after modifications 
-  etc. 
 

- Allows to bring the ‘laboratory’ to the vessel and test in the 
field under normal (real world) operating conditions 
- Reduces problems related to sampling 

 
- Can test anywhere, any time  
 
- Can test and analyse independent from authorities* 

 
 
* Technicians needs an operations & maintenance certificate from PEMS manufacturer 
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REQUIREMENT PEMS 
 

The use of portable systems has different requirements 
on measurement technology as laboratory equipment to 

occur under real world conditions: 

 

- Certification acc. to classification rules 

- Resistance to shock and vibration 

- Temperature variation compensation 

- Etc. 

- Size, weight, power consumption 

- Easy operation 

- Real time Measurement 

- Easy of maintenance 

- etc.  
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MARPOL ANNEX VI NTC 2008 
MEPC.177(58) 

 
Chapter 2 

Surveys and certification 
2.1 General 
2.1.1 Each marine diesel engine specified in 1.2, except as otherwise permitted by this Code, shall be subject to the 
following surveys: 

.1  A pre-certification survey which shall be such as to ensure that the engine, as designed and equipped, 
complies with the applicable NOx emission limit contained in regulation 13. If this survey confirms compliance, 
the 
Administration shall issue an Engine International Air Pollution Prevention (EIAPP) Certificate. 

.2        An initial certification survey which shall be conducted on board a ship after the engine is installed but before 
it is placed in service. This survey shall be such as to ensure that the engine, as installed on board the ship, 
including any modifications and/or adjustments since the pre-certification, if applicable, complies with the 
applicable NOx emission limit contained in regulation 13. This survey, as part of the ship’s initial survey, may 
lead to either the issuance of a ship’s initial International Air Pollution Prevention (IAPP) Certificate or an 
amendment of a ship’s valid IAPP Certificate reflecting the installation of a new engine. 

.3        Renewal, annual and intermediate surveys, which shall be conducted as part of a ship’s surveys required by 
regulation 5, to ensure the engine continues to fully comply with the provisions of this Code. 

.4        An initial engine certification survey which shall be conducted on board a ship every time a major conversion, 
as defined in regulation 13, is made to an engine to ensure that the engine complies with the applicable NOx 
emission limit contained in regulation 13. This will result in the issue, if applicable, of an EIAPP Certificate and 
the amendment of the IAPP Certificate. 

 

2.1.2 To comply with the various survey and certification requirements described in 
2.1.1, there are methods included in this Code from which the engine manufacturer, 
shipbuilder or shipowner, as applicable, can choose to measure, calculate, test or verify 
an engine for its NOx emissions, as follows: 

.1          test-bed testing for the pre-certification survey in accordance with chapter 
5; 

.2          onboard testing for an engine not pre-certificated for a combined pre 
certification and initial certification survey in accordance with the full test-
bed requirements of chapter 5; 

…. 
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MARPOL ANNEX VI NTC 2008 
MEPC.177(58) 

 Chapter 6 

Procedures for demonstrating compliance with NOx emission limits on board 

 

6.2 Engine Parameter Check method 

6.2.1 General 

6.2.1.1 Engines that meet the following conditions shall be eligible for an Engine Parameter 

Check method: 

.1 engines that have received a pre-certificate (EIAPP Certificate) on the test bed and 

those that received a certificate (EIAPP Certificate) following an initial 

certification survey in accordance with 2.2.4; and 

.2 engines that have undergone modifications or adjustments to the designated 

engine components and adjustable features since they were last surveyed. 

6.2.1.2 When a diesel engine is designed to run within the applicable NOx emission limit, it is 

most likely that within the marine life of the engine, the NOx emission limit may be adhered to. 

The applicable NOx emission limit may, however, be contravened by adjustments or modification 

to the engine. Therefore, an Engine Parameter Check method shall be used to verify whether the 

engine is still within the applicable NOx emission limit. 

6.2.1.3 Engine component checks, including checks of settings and an engine’s operating 

values, are intended to provide an easy means of deducing the emissions performance of the 

engine for the purpose of verification that an engine with no, or minor, adjustments or 

modifications complies with the applicable NOx emission limit. Where the measurement of some 

operating values is required, the calibration of the equipment used for those measurements shall 

be in accordance with the requirements of appendix 4 of this Code. 
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PEMS TYPE APPROVAL PROCEDURE 
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Type Approval Emission Measurement Device 

DNV GL & IACS  

- EMV 
- Vibration 
- Humidity 
- Temperature 
- Safety 
- etc. 

 

successful 

Equivalence test according 
to ISO 8178: 2006 

Annex D 

Measurement principle 

in 

accordance with NOX TC 

(as CLD for NOX) 

NOX Technical Code: 

- - Drift 

- - repeatability 
- noise 
- linearity 

- - etc. 

NO 

successful successful 

Certificate 



EXAMPLE PEMS (IMR 2000 MARINE) 
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Gas sampling 
probe 

Interface for 
data storage 

Protocol-
Printer 

LCD Display 
(Measurement values) 

Keyboard 
Air Temperature, Gas Input, 
Flue Gas Temperature 

Gas Conditioning 

Probe pre-filter 

Plastic case (IP67) 



PROCEDURES FOR EMISSION REDUCTION 
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1. Engine internal actions: 
- Injection  
- exhaust gas recirculation  
- Miller 
- Boost pressure  
- etc. 
 
2. Engine outside actions: 
- SCR  
- catalysts  
- particulate filter 
- etc.  

 
3. Fuel and lube oil 

 
Demonstrating compliance with 
NOX/SOX emission limits o board  



EMISSION MEASUREMENT ON BOARD 
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Fuel 
consumption 

Fuel 
temperature 

AMS 
Additional 
Engine 
Parameter 

Engine power/ 
speed 

Emission 
measurement Test 

Report 



HOW TO PERFORM AN EMISSION ACC. TO 
MARPOL ANNEX VI 
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Source: DNV GL SE, 2014-08-20 



TEST CYCLES 
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Figure: CIMAC Emission Calculation Check Guide 

Test cycle for “Constant-speed 
main propulsion” application 
(including diesel-electric drive 
and all controllable-pitch propeller 
installations) 



TEST CYCLES 
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In acc. to the requirements of ISO 8178, each measured 
loadpoint will be fractionised in seven separate cuts. 



PROCEDURES FOR EMISSION 
MEASUREMENT SOX (ACC.MARPOL) 
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Revised MARPOL ANNEX VI AND NOX Technical Code 
2008 (2013) 

Resolution MEPC.259(68) “ Guidelines for exhaust 
gas cleaning systems” 

- Exhaust components: CO2, SO2 

- “Procedure for demonstrate that the emissions from a 
fuel oil combustion unit fitted with an EGC will, with 
that system in operation, result in the required 
emission value..” 

- Analysing equipment: 

 CO2 Analyse   

 SOX Analyse     



PEMS EXAMPLES 
MEASUREMENT PRINCIPLES 
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Electrochemical sensors (EC sensors): 

- measure flue gas constituents (O2, CO, NO, NO2, SO2, H2S)  

- Principle: the gas diffuses into the sensor, on the measuring electrode it will be 
oxidized or reduced. The resulting ions diffuse through the liquid electrolyte and on 
the counter electrode reduced or oxidized.  

Between the two electrodes is a current flow, proportional to the gas concentration. 

A reference electrode generated a constant potential and may prevent a drift of the 
measured values. 

Depending on the type of gas and gas concentration the sensors generate the 
electrical  signal. The signals are analyzed by the electronics. 

Standard electrochemical sensors are  

affected by various environmental factors 

including:  

temperature, pressure, and other  

combustion gases.  

 

 

 



MEASUREMENT CHARACTERISTICS OF 
THE EC-SENSORS 

 

April 2016 TX Marine Messsysteme GmbH page 18 

 

Environmental influences are to be observed: 

• temperature of the sensors 

• The sensor temperature is controlled using an internal 
temperature measurement and used for temperature 
compensation 

 

• relative humidity of the measurement gases  

• The absolute humidity is reduced by the use of the gas 
treatment system at a constant low value 

 

 

 



PEMS CALIBRATION INTERVALLS 
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- Prior to each measurement on board a calibration 

check with “test gas” must be performed 

- every year or 1000 measuring hours (whatever 

comes first )the PEMS needs to be calibrated by 

manufacturer  

- For IMR 2000 Marine the manufacturer offers an “on 

exchange service” 

 

 

 



EMISSION MEASUREMENT ON BOARD 
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- Start-up des PEMS acc. to manufacturer instruction 

- PEMS performs zeroing of the system (Note: non-
contaminated area) 

- Set up the fuel  

• Position exhaust gas probe 
• Main flow (Probe tip in the area of the highest flue gas 

temperature) 
• The sealing of the measurement port is  
 important in order to  prevent the  
 aspiration of unwanted air. 
• Min. 3x diameter from last curvature 

 

• A selected load point must be kept stable (according to 
NOX Technical Code 2008). If the load point is stable, 
start the exhaust gas measurement. 

 

 



 
CALIBRATION PROCEDURE 
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Every instrument that is used for measuring an engine’s parameters 

must be calibrated accordingly to the requirements of the 

Technical Code. 

 

- calibration validity period depending on: 

-  if the measurements are made before achieving a certificate (test bed) 

-  if the measurements are made when the engine already is pre-certified (on 
board-EIAPP) 

 

“Each normally used operating range shall be calibrated. Analysers 
shall be calibrated not more than 3 month before being used for 
testing…” 

- Testing for regulatory purposes will often require a calibration 

before and after each test. This self-calibration is easily performed 

with calibration gases. 
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TYPE APPROVAL CERTIFICATE 
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Many thanks for your attention 

 

Any questions? 

 

Kay Paschen 

Nadine Paschen 

TX Marine Messssysteme GmbH 

Sandkamp 18 

25368 Kiebitzreihe 

office@txmarine.com 

www.txmarine.com 



EXHAUST GAS EMISSION OVERVIEW 
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Composition Exhaust gas 4-Stroke engine (Propellercurve, 
75% load, fuel with 2,2% Sulphur content) 
Figure: Krapp 

 



EXHAUST GAS EMISSION 
PARTICULAR MATTER (PM)  

 Composition: 

• solid and organic components, 

• Ash, 

• sulfates and 

• added water with sulfates  

Formation of  Particular Matters: 

- formed during the incomplete combustion of fossil fuels, depends on:  

- Type of fuels (Sulphur content) 

- Combustion conditions, e.g. Combustion temperature 

Effects on the environment: 

- By adsorptive properties, the toxic substances in the exhaust gas, the existing fine 
particulates are classified as especially dangerous to carcinogens, as they are 
transported directly into the human lung. 

Measurements (Example):  

• Filter paper method: A predetermined gas quantity is soaked through a filter paper. 
The contaminants in the exhaust gas cause blackening of the filter paper. The 
evaluation is performed by comparing the filter paper sample with a comparative 
scale. 
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EXHAUST GAS EMISSION 
NITROGEN OXIDES (NOX) 

 
Composition: 
Nitrogen oxide (NOX) is a generic term for a group of highly reactive gases, containing 
Different amounts of nitrogen and oxygen.  
NOX is mostly a synonym for the sum of nitrogen monoxide (NO) and nitrogen dioxide 
(NO2). 
Formation of NO and NO2: 
The nitrogen is oxidized with the oxygen (O2) of the air in the combustion chamber, to 
NO. (produced by excess air and high temperatures in the combustion chamber) 
The NO is highly reactive and therefore reacts in the atmosphere immediately advances 
to nitrogen dioxide (NO2). 
Effects on the environment: 
In the atmosphere, the NO2 reacts with water and oxygen to form nitric acid. This leads 
to acid rain.  
In addition, the nitrogen oxides react in the atmosphere with reactive hydrocarbons and 
the solar radiation. This leads to a photochemical ozone creation. This ozone is a reason 
for the smog in many cities. 
Measurements: 
- Chemoluminescent detektor (CLD).  
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EXHAUST GAS EMISSION 
HYDROCARBON (HC) 

 
Composition: 
Aliphatische- and cyclic hydrocarbons. 
The aliphatic hydrocarbons play a subordinate role in the damage to the environment.  
As an environmentally harmful classify the cyclic hydrocarbons and in particular 
the sub-group of polycyclic aromatic hydrocarbons (PAH).  
Formation of HC: 
- incomplete combustion of fossil fuels. 
- In exhaust PAHs are bound to the individual soot particles and thus pass into the 

ambient air. 
Effects on the environment: 
HC contributes to the photochemical formation of ground-level ozone because it causes 
other reactive partners within several complex reaction steps, the oxidation of NO to NO 
without ozone depletion (O3). 
Measurements: 
- Heated flame ionization detector (HFID).  
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EXHAUST GAS EMISSION 
CARBON OXIDES 

Formation of CO/CO2: 

- incomplete combustion of fossil fuels, depends on fuel 

- In the air, the CO immediately to carbon dioxide (CO2) reacts. 

 

Effects on the environment: 

The CO is a strong respiratory poison. It blocks the transport of oxygen to the red blood 

cells in the body and already performs a low content to disorders of the central nervous 

system. 

 

Measurements: 

Non-dispersive infrared (NDIR) 
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EXHAUST GAS EMISSION 
SULPHUR OXIDE (SOX) 

 

Formation of SO2: 

The sulfur in the fuel reacts with oxygen in the combustion chamber to sulfur 
oxide (SOX). The sulfur oxides are only those who have an oxidation number 
<4, for example, SO2 and SO3. These sulfur oxides are also called lower sulfur 
oxides. 

Effects on the environment: 

The SO2 as a strong breathing poison. It leads even at low 

concentrations to coughing and breathlessness. The SO2 is 

freely soluble in water and reacts with water to sulfurous acid. 

The sulfur trioxide SO3 is a white solid. SO3  becomes with water and excessive 
heat to sulfuric acid. The formation is highly temperature dependent, as the 
SO3  expires at a temperature> 600 ° C back to SO2 and oxygen. 

Measurements: 

• non-dispersive infrared (NDIR) or non - dispersive  Ultraviolet (NDUV) 
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PROCEDURES FOR EMISSION 
MEASUREMENT (MARPOL) 
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MARPOL ANNEX VI AND NOX Technical Code 2008 (2013) 
chapter 5 

- Main exhaust components: CO, CO2, HC, NOX, O2 

- Procedure for demonstrating compliance with NOX limits on 
board 

- Analysing equipment: 
 CO Analyse:  Non-Disperse Infrarot (NDIR) 
 CO2 Analyse:  Non-Disperse Infrarot (NDIR) 
 HC Analyse:  heated flame ionization detector  
   (HDIR) 
 NOX Analyse:  Chemiluminescent Detector (CLD) or  
   heated Chemiluminescent Detector  
   (HCLD) 
 O2 Analyse:  Paramagnetic detector (PMD),   
   Zirconium dioxide (ZRDO) or   
   electrochemical Sensor (ECS) 

 



PEMS EXAMPLES 
MEASUREMENT PRINCIPLES 
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Infrared Sensors: 

- measures flue gas constituents  (CO2) 
- Principle: is based on the fact that gas molecules are stimulated by IR 

light of a certain wavelength and so produce vibrations . (radiation source 
e.g. lamp) 

- The infrared light passes through a test selection in which the gas can 
diffuse 

- Through the gas a weakening of the radiation energy will be occur 
- The absorption of the infrared radiation, in a specific wavelength range in 

the measured gas is proportional to the concentration of the gas to be 
analyzed. 

- Compared to the original IR light intensity, the  
attenuated intensity within a defined fixed optical  
path is a measure for the gas concentration.  
infrared sensors gives a linear sensor signal, the  
signals are analogous to the processes of  
electrochemical sensors and will be analyzed by  
the electronics 

 

 

 



CALIBRATION GASES 
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• Shelf life of the gases  (document the expiration date of the gases) 
• The concentration of calibration and span gases should be specified in 

volume per cent or volume ppm.  
• The concentration must be comparable with national or international gas 

standards  

• Pure gases : 
• The zero check gas ->  setting the lower end of the range.  
• Gases that should be obtainable are purified nitrogen, purified oxygen and 

hydrogen-helium mixture.  

• Span gases : 
• setting up the top end of the calibration range.  

• Mixtures of gases that should be obtainable are:  
• CO and purified nitrogen  

• NOX and purified nitrogen ( should not be more than 5% of the NO content)  

• O2 and purified nitrogen  

• CO2 and purified nitrogen  

• other gas mixtures can also be used 
• Requirement that the gases do not react with each other. 


