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Summary 
 
This report is a deliverable of the PROMINENT project (2015-2018), a research and innovation 
program for the inland navigation industry co-funded under the Horizon 2020 program.   
 
PROMINENT focusses on several areas such as the introduction of technologies to improve on energy 
efficiency and to reduce pollutant emissions. Technologies included are after-treatment, the use of 
LNG and tools for energy-efficient navigation. In addition to technological innovations, PROMINENT 
addresses professional qualifications in inland navigation. 
 
The work presented in this report focusses on the technical recommendations for on-board 
monitoring of NOx and energy consumption. This includes the extensive review of options for both 
technical procedures and monitoring equipment, including data-transmission to a central database, 
database set-up and data sharing. The results of the monitoring of a large number of inland vessels 
is reported in PROMINENT deliverable D5.7.    
 
The on-board monitoring is split up in two groups with different functions: 
- Real Sailing Emissions (RSE), focussed on the engine performance in real-life operation in the 

context of the official pollutants emission legislation; 
- Environmental Performance Monitoring (EPM), focussed on the (overall) environmental 

performance of the entire vessel. Key target groups of the date received from EPM are shipping 
companies, clients of shipping companies and public stakeholders. 

 
On board measuring system and used parameters 
Within WP5, the powertrain parameters to be used for on-board monitoring were experimentally 
reviewed based on the parameter assessment in WP3 (deliverable D3.2/3.3). It is advised to use fuel 
flow, NOx and either O2 or CO2 in the exhaust gas as the main parameters. These can subsequently 
be used to calculate the mass flow and specific emissions under real-life conditions via the carbon 
balance method. Power is also based on this fuel flow (with a fairly good accuracy). With these 
parameters, the RSE and EPM monitoring can be done independent from the engine supplier and the 
accuracies are not compromised by the relative high tolerances of e.g. CAN signals. The accuracies 
of the on board monitoring system were analysed and compared with those of laboratory 
measurements, although further research is recommended. It appeared that according to the 
proposed method, the accuracy is estimated to be around ±8% for the g/h and g/kWh NOx emissions, 
compared to ±4%-5% for laboratory measurements. The g/h NOx emissions are the basis for g/km, 
g/ton.km and g/trip emissions (without further loss of accuracy). For these calculations additional 
data is required such as sailing speed and payload per trip. Possible sources of information could be 
AIS or GPS data for sailing speed and from the Transport Management System or from the River 
Information System (e.g. BICS, MIB). 
 
The hardware for on-board monitoring can be supplied by a range of suppliers, although not many 
have experience with emission sensors and the calculation procedures necessary to transmit 
emission concentrations to g/h, g/kWh and g/h emissions. For RSE both SRM (Standard Reference 
Material) as well as sensor based equipment can be used for the emission measurements. For EPM, 
sensor based equipment is recommended.  
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The proposed hardware furthermore includes:  
- Data recording system suitable for storing months of data; 
- Interface/connection to engine CAN (for primarily engine speed);  
- Interface/connection to fuel flow meter(s); 
- GPS location; 
- Data transmission via GPRS. 
 
Real Sailing Emissions (RSE) 
RSE monitoring in this report is meant to evaluate the real-life NOx emissions during normal 
operational circumstances, also known as “real life sailing emissions” (equivalent to Real Driving 
Emissions for road vehicles). With SRM equipment, also CO, HC, PN and PM, NH3 and CH4 1 emissions 
can be measured, although with some limitations. Within this report, a number of options have 
been described regarding reporting format, parameters and equipment. RSE can be used for several 
purposes, among others for the planned monitoring of engine emissions in real life application, 
under regulation 2016/1628 (NRMM Stage V for IWT and IWA engines). RSE should also be considered 
as a formal part of the Type Approval for Retrofit Emission Control devices (REC), or of OEM engines 
for evaluation of Off-Cycle Emissions (OCE). The obvious metric for RSE is g/kWh. As additional 
metric NOx emission in g/kg CO2 is proposed. This can be determined accurately (±6%), is very 
suitable to quickly assess the emission performance of an engine and has a firm relation with the 
g/kWh emission. Different reporting formats for RSE are proposed. One of them is a chart with the 
average NOx (in g/kWh or g/kg CO2) per power bin (power intervals of e.g. 10%) in combination with 
the time spend per power bin. Other options are meant for long time monitoring.  
 
It is recommended to further develop the RSE procedure within an appropriate working group under 
supervision of the European Commission (DG Growth), CESNI or another competent authority. It 
should also be considered to expand it with the PN or PM and the NH3 measurement. For LNG 
engines it can be considered to add CH4 as well, but this is only necessary if it appears to be 
sensitive to the real world behaviour of the vessel (compared to the type approval test). Within this 
working group various representatives of key stakeholders should participate, like Member States 
Administrations, River Commissions, JRC, engine manufacturers (EUROMOT), REC manufacturers and 
research institutes. It is further recommended that RSE methodology will be suitable for both 
engine OEMs as well as for independent testing. 
 
Environmental Performance Monitoring (EPM) 
EPM in this report, for the same reasons as above, focusses on permanent on-board monitoring of 
both NOx and CO2 emissions as well as energy consumption. The NOx and CO2 emissions are related 
to the distance and load and are therefore expressed per km and per ton.km. Output of EPM can be 
used for several purposes: 
 
- For reporting environmental performance to public and private stakeholders; 
- For efficient navigation for the ship owners; 
- For efficient ship design for the ship owners and ship builders. 
 
 
  

                                                 
1 NH3 is only relevant for engines with SCR catalyst, CH4 is only relevant for (natural) gas engines 
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The proposed reporting format for EPM includes: 
 
- NOx:     g/km, g/ton.km, g/kWh, g/trip 
- CO2:     g/km, g/ton.km, kg/trip 
- PM/PN (optional):     indicative Particulate Mass or Number emissions2 
- Fuel consumption:    litre/km, litre/trip  
- Sailing Speed /Speed over ground:  km/h 
- Route on a map 
- Engine power distribution 
- Payload information   ton/ trip, average ton/ month 
 
With EPM, data of the vessel (fuel consumption, distance, emissions) needs to be combined with 
cargo load data. The latter data provided by the logistics service provider or data provided by the 
barge operator to the infrastructure manager can be used. Preferably this is directly linked to the 
EPM system (either on-board or via the back office). Preferably this will be arranged in the future 
via the Digital Inland Waterway Area (DINA).  

Engine power distribution is a main characteristic for the operational profile and essential 
information for future powertrain design, hybridisation and also for efficient navigation. 
The detailed results of EPM are reported in PROMINENT deliverable D5.7, and are also summarised 
in D6.2. 
 
Data-transmission, database set-up and data sharing 
A number of options for transmission of monitoring data from the vessel to the shore have been 
evaluated.   
The preferred option is sending data via FTPS or HTTP, which allows for safe and real time data 
transmission. The server receiving the data should be well configured, to allow for quick 
intervention if there are problems with the on board monitoring system. Other options are  
manual data collection (memory card), or sending data by email. These are easy to implement, but 
do not allow for quick intervention or automation of data processing in general.  
Within PROMINENT, storing monitoring data in a central database has proven to be essential to 
achieve standardized collection of data, sharing data and efficiently using data for interpretation 
and feedback. Databases also enable the creation of front-ends, such as a website, in order to make 
monitoring data available to end-users. Since the data will be stored in an online environment, it is 
important to manage confidentiality and permissions carefully, and shield off the database from 
direct data insertion from the on board measurement units.  
The online database appeared to be a convenient way to share monitoring data between projects 
and users via a REST API. The format of the shared data can be adjusted without making changes to 
the database, making it easy to set-up an interface. 
 
  

                                                 
2 Not investigated in PROMINENT. Sensor are available which give an indication for the particulate mass or number emission. 
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1. Introduction    

1.1 Introduction to Prominent 
PROMINENT is a multiannual research and innovation program for the inland navigation industry 
which is funded by Horizon 2020. PROMINENT focusses on researching, testing and introducing 
alternative energy concepts and technologies for the European industry of inland navigation which 
are economically viable, safe and environmentally friendly.  
 
Previous projects are, amongst others, PLATINA and PLATINA II. These projects supported the 
European Commission with the implementation of NAIADES and NAIADES II. The NAIADES II 
programme will facilitate long-term structural changes in the inland waterway transport (IWT) 
sector. It also includes short term actions currently being undertaken by the Commission to address 
the difficult economic situation of the sector. Regarding new directives the European Commission is 
aware of the complexity of the existing market and makes in [NAIADES IIa] & [NAIADES Iib] a few 
statements regarding emissions. 
 
“The approach to be adopted on emission limits should be strictly technology neutral from the 
perspective of engine technology and fuel choice. Due to this, it is assumed that the technology 
with the best cost/benefit characteristics would prevail”. 
 
“When defining new emission limits for the IWT engines, it may be necessary to differentiate 
between small and large vessels and between existing and new engines because of the 
technological and economic limitations that existing engines and small vessels face. The 
Commission is also aware that sufficient time must be allowed for the sector to adapt to more 
ambitious emission limits.” 
 
“Although IWT emits much less CO2 than road transport, the external costs of its emissions to 
air (air pollutants and CO2) are roughly equal to those of road transport. This is due to the higher 
cost of IWT air-pollutant emissions.” 
 
Innovations improving the environmental performance of IWT 
The European IWT fleet consists of approximately 18,000 vessels (and 40,000 crew members) and 
plays a crucial role in major transport chains. The sector has a large potential to become more 
environmentally friendly (i.e. reduction of Green House Gases and pollutants). Transport chains can 
also be improved from an environmental point of view by shifting more cargo to the IWT sector, 
which also reduces congestion on the European roads. During the last years, the European 
Commission and the partners of the PROMINENT consortium have been investing in the promotion of 
(technological) innovations in the inland navigation industry. For more information on these 
innovations, the reader is referred to other PROMINENT reports, including reports D1.2 and D3.1. 
 
PROMINENT objectives 
PROMINENT aims at providing solutions to make inland navigation as competitive as road transport 
in terms of air pollutant emissions by 2020 and beyond. In parallel, PROMINENT aims at further 
decreasing the energy consumption and carbon footprint of IWT. This is an area where IWT performs 
better than road transport. 
 
For inland waterway vessels, the current engine emission standards are CCNR Stage II and EU NRMM 
Stage IIIA. New stringent legislation has been implemented in 2016, namely EC regulation for NRMM 
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2016/1628. This includes Stage V emission requirements for IWT/IWA (respectively Inlet Waterway 
Propulsion and Auxiliary engines) to enter into force in 2019 and 2020. This requires reductions of 
NOx and PM emissions by respectively 60 and 95%. PROMINENT aims to support the widespread 
implementation of innovative and environmentally friendly solutions in IWT to improve the sector’s 
economic competitiveness and environmental performance. In addition to the development of 
“hardware” solutions, PROMINENT will focus in particular on improving the “orgware”. In other 
words, PROMINENT will also focus on improving the framework conditions, which are primarily 
responsible for the current stagnating innovation levels in the IWT sector. This will be done by 
setting clear and achievable targets. 
 
Targets of PROMINENT 
The goals of PROMINENT are: 

1. Developing cost-effective solutions and standardised applications (reducing required 
investment costs): 

 70%+ coverage – Developing solutions that are applicable to at least 70% of the 
European inland fleet and their operating areas. 

 30% costs reductions – Reducing implementation costs of innovative greening 
solutions by 30%.  

2. Involving all relevant actors concerned in the research and innovation process 
 100% inclusive - All stakeholders required for the full coverage of the innovation 

cycle from initial concept to real-life deployment are to be taken on board. 
3. Actively addressing and removing current implementation barriers by 2020  

 Visible and physical results by 2017 – Producing results on the ground during the 
project lifetime  

PROMINENT has 2020 as ultimate time horizon. With respect to this time frame, another goal is: 
4. Setting up a roll-out strategy which is geared towards producing the required full impacts by 

no later than 2020. 

1.2 PROMINENT D5.8 scope and definition 
Deliverable 5.8 is part of Work Package 5 (WP5).  
 
WP5 is focussed on ‘real life demonstration’ of several technologies, including: 

- on-board monitoring; 
- exhaust after treatment; 
- LNG usage; 
- Energy-efficient navigation. 

 
The on-board monitoring and measurements are carried out on a series of vessels covering the 
Rhine, Danube and also some other waterways. These measurements are meant to provide a better 
understanding of the real world emission performance and operational profiles of various vessels. In 
addition, these measurements are meant to validate some of the recommendations from Work 
Package 3 (WP3). WP3 explored the technical options for certification, monitoring and enforcement 
procedures for inland navigation vessel engines emissions, suitable for a range of ‘greening 
technologies’ and to comply with stringent legislation.  
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The work of D5.8 (Technical Recommendations on Options for Specifications of Monitoring 
Equipment and Database Set-up)  is a continuation of the theoretical work reported in PROMINENT 
deliverable D3.2/3.3 (Assessment of Procedures for Certification, Monitoring and Enforcement) and 
the real life pilots reported in D5.7 (Technical Evaluation of Procedures for Certification, Monitoring 
& Enforcement). 

1.3 PROMINENT D5.8 objectives 
The objective of D5.8 is to provide technical recommendations on options for on-board monitoring 
including: 
- The on-board monitoring equipment; 
- The actual data-transmission to a central database; 
- The database set-up and data-sharing. 

 
These technical recommendations combine the desirable procedures from D3.2/3.3 with the 
experience from the technical evaluation reported in D5.7. 
    
It is important to notice that several purposes are distinguished for on-board monitoring, in 
particular: 
 
- On-board monitoring of Real Sailing Emission (RSE) in the context of stringent pollutant 

emissions legislation (focused on NOx); 
- Environmental Performance Monitoring (EPM), which is focused on the broader environmental 

performance of the entire vessel. This includes NOx, CO2 and energy consumption. 
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2. On-board monitoring systems 

2.1 Emission components 
 
In this section a general assessment is presented on the need for monitoring of the different 
emission components. This is done by means of an expert judgement of the regulated emission 
components on the following parameters: 
 
- Environmental impact 
- Sensitivity of real-world emissions to: 

o Design and calibration of the engine (responsibility of manufacturer) 
o Tampering and wear (responsibility of primarily owner of the vessel) 

 
The results are presented in the table below. From this judgement a conclusion on the ‘need for 
permanent monitoring’ is drawn which is presented in the last column.  
 
Component Environmental 

impact 
Sensitivity real-world emission  to Need for 

permanent on 
board monitoring 

Design / 
calibration 

Tampering / 
wear 

NOx High High High High 
PM/PN High Low Medium Medium 
CO Low Low Low Low 
HC Low Low Low Low 
NH3 Low Low /medium Low /medium Low/ medium 
CH4  * medium High Low/medium Low 

 
 
Explanations are as follows: 
- NOx has a high environmental impact because the mass emissions of diesel engines as well as 

the concentration in ambient air can be rather high. Stage V engine technology will have NOx 
after treatment, which makes the sensitivity of the real-world NOx emissions rather high. An 
engine can be optimised for meeting the NOx limit in the E3 cycle, while at the same time the 
NOx emission in real sailing conditions is a lot higher due to the different load pattern. NOx is 
also sensitive to tampering or abuse by the owner of the vessel. When the AdBlue (urea) tank is 
not filled, the owner will directly save money, while the engine keeps running normally. So 
there are basically three reasons for permanent on board monitoring of NOx emissions; 

- Also for PM/PN emissions the environmental impact is large. Apart for relatively high 
concentrations in ambient air, PM/PN are mostly mentioned for their negative impact on 
health. For Stage V technology the diesel engines will be equipped with wall-flow diesel 
particulate filter (DPF). This is basically a ‘lock on the door’ which filters well under all 
circumstances (so low sensitivity to design/calibration). There are some issues, DPF are 
sensitive to regeneration (oxidising the PM to CO2 and H2O such that the filter stays clean) and 
requires maintenance. For that reason the owner may be tempted to remove the DPF 
(tampering). This leads to the ‘medium’ rating for the need for monitoring;   

- The CO and HC emissions of a diesel are usually not very high. Also with the already present 
after-treatment, the CO and HC are automatically further reduced. So for that reason, there is 
no need for permanent on board monitoring;  
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- NH3 emissions can be formed with certain after-treatment technologies. This is also the case 
with SCR NOx after-treatment when the AdBlue dosage is too high or when there is uneven 
AdBlue distribution across the catalyst surface. Also during heavy transients (load steps) there 
could be spikes of NH3 emission. The overall mass emission will however usually remain low and 
there is no benefit for the manufacturer or the owner to aim for a high NH3 emission. It is 
recommended to check the NH3 emission carefully after the installation of the after-treatment 
system, but after that continuous monitoring is not really necessary;  

- Methane (CH4) are only related to single or dual-fuel natural gas engines. These engines can 
have a rather high methane emission, which can easily spoil the potential GHG emission 
advantage of natural gas engines. There is no direct impact on air quality or health of methane. 
The methane emission is strongly related to the design quality of the engine. Main influencing 
parameters are indirect or direct gas injection, valve overlap, ‘dead spaces’ and homogeneity 
of the mixture. These parameters can hardly be affected by tampering or wear, so the need for 
permanent monitoring is considered low. 

 
It is concluded that permanent monitoring is most relevant for NOx and PM/PN, followed by NH3 
emissions. For measuring NOx and NH3 emissions there are relatively low costs automotive sensors 
available. This is not yet the case for PM/PN sensors. Prototypes of these sensors have been 
developed, but they are not readily available for application. They will also only give an indicative 
value (good/bad) and not a measuring value which can be directly related to the official PM or PN 
limit values. The recommendation is to focus on permanent on board NOx monitoring. It is 
recommended to measure PM/PN and NH3 periodically, for example every 2 years with mobile 
equipment. CH4 should be added if this emission appears to be sensitive to the real world behaviour 
of the vessel (compared to the type approval test). 
 

2.2 Monitoring options 
 
The monitoring strategy varies somewhat based on the function of the monitoring. 
 
The following functions are distinguished: 
- Real Sailing Emissions (RSE) 

RSE for IWT vessels are equivalent to Real Driving Emissions (RDE) for automotive vehicles. 
In the context of EC Regulation 2016/1628, RSE measurements are focused on the engine in his 
applications. 
 

- Environmental Performance Monitoring (EPM) 
EPM is done in the context of (overall) environmental performance meant for clients of shipping 
companies, public stakeholders and shipping companies. EPM focuses on the performance of the 
entire vessel.  
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Real Sailing Emission measurements or monitoring can be considered for the following purposes: 
- For official monitoring in the context of EC Regulation 2016/1628, by engine manufacturers 

and/or by independent organisations; 
- As part of the type approval procedure to assess Off Cycle Emissions (OCE) for OEM engines; 
- As part of a type approval of Retrofit Emission Control devices (REC);  
- As single engine approval:  alternative to type approval, for example when an engine is 

equipped with a retrofit emission control system.  It is then recommended to do an additional 
test with SRM equipment to assess the Particulate Matter emissions. 

 
An RSE test can be done with different types of equipment, also depending on the duration of the 
measurement period. For single days to a week, it can be done with SRM or PEMS equipment; for 
longer periods sensor based equipment is recommended.  
 
 
 Real Sailing Emissions 

RSE 
Environmental Performance 
Monitoring EPM/OBM 

Context Suitable for EC Regulation 
2016/1628   
Inlet Waterway Propulsion 
(IWP) and Inlet Waterway 
Auxiliary (IWA) engines 
For pollutant emissions. 

Voluntary 
 
Overall environmental 
performance for clients  
 
 

Monitoring of: Engine in its application Overall ship 

Duration 1 day to 1 week   
(can be longer) 

Usually meant for permanent 
monitoring 

Parameters & dimensions3 NOx in g/kWh or g/kg CO2 
CO, HC in g/kWh or g/kg CO2 
PN in #/kWh 
PM in g/kWh  

NOx in g/km, g/ton.km, g/trip, 
g/kWh 
CO2 in g/km, g/ton.km, g/trip 
Fuel consumption in litre/km, 
litre/trip 

Purpose of monitoring - Official monitoring in the 
context of EC Regulation 
2016/1628 (article 9) 

- As part of a type approval 
of Retrofit Emission 
Control devices (REC).   

- As part of the type 
approval procedure to 
assess  Off Cycle Emissions 
(OCE) 

As single engine approval:  
alternative to type approval 

Proof of overall environmental 
performance to clients of 
shipping companies and 
regional government  (focus 
air quality)  
 
Ship owners: ‘know your ship’ 
and optimization for lower 
energy consumption. 
Mandatory for certain subsidy 
programs 

Table 1: Overview of the two main monitoring options: Real Sailing Emissions (RSE) and Environmental 
              Performance Monitoring (EPM) 

                                                 
3 PN and PM can be measured with SRM equipment or with sensors. The sensors only give an indicative value for PN or PM 
emissions. PN, PM, CO via sensors are also an option for EPM. 
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2.3 Presentation of results and metrics 
 
Real Sailing Emission 
A calculation procedure and reporting format would normally be established between the European 
Commission and the engine manufacturers. This has not yet been done. In this report some options 
are proposed which can be further explored in a formal working group initiated by the competent 
authority. 
 
The formal pollutant emission requirements are connected to the formal test cycles (E3, E2, D2) 
and defined emission control areas. This latter is a specified part of the engine map in which 
emission control should and can work efficiently. Currently emission control areas cover a certain 
band around the test cycles between about 20% to 100% engine power. This means also that below 
20% engine power, certain emission controls can be shut off.  
For NOx this will probably be done, because SCR catalysts usually do not work efficiently at low 
exhaust gas temperature. This implies that in the reporting and/or calculation format, the 
emissions (NOx) contribution below 20% engine power should be earmarked or could even be ignored 
in the calculation of the NOx emissions. 
 
The following options for processing and presentation of the (NOx) results are proposed: 
 
- NOx (g/kWh or g/kgCO2)  binning in engine power bins:  see Figure 1 for g/kWh 

Period to be defined: e.g. 1 week or 1 month or several months 
The vessel is used in its normal application, and the NOx data is collected in power bins. At the 
end of the evaluation period, the average NOx per bin is calculated. The NOx below 20% power is 
automatically separated, such that these can be exempted from certain limit value 
requirements. 
Figure 1 also shows the time spend in each power bin. This shows a normal sailing pattern of 
the vessel and whether a good average per bin can be calculated.  
 

- NOx  (g/kWh or g/kgCO2) one hour averages during a certain period: 48 hrs in Figure 2 for 
g/kWh. This format was proposed in ‘Green Deal COBALD’  in the Netherlands. 
By including power in the same figure, emission measurement below 20% engine power can be 
exempted. 
 

- NOx (g/kWh or g/kgCO2) one day or 1 week or 1 month averages during a certain period: several 
months in Figure 3 for NOx in g/kg CO2. 
 

CO, HC and PN (particle number) can be displayed in a similar way if they are included in the 
measurements. PM (particulate mass) with official SRM equipment can only be measured during 
stationary points. PN and PM via sensors only give an indicative value (e.g. good, medium bad). 
More accurate sensors are still under development. 
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Figure 1: Presentation of NOx characteristic (line) and engine load pattern (% time), for different engine 

               power ‘bins’. 

 

 
 

Figure 2: One hour averages of NOx and engine power during 48 hours:   
               a) low average power, b) high average power. 

 

 
 

Figure 3: One day averages of NOx/CO2 and engine power during several months: 
               a) vessel with SCR after treatment, b) vessel without after treatment. 
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Environmental Performance Monitoring (EPM) 
 
EPM represents the performance of the overall vessel, and covers both pollutant emissions 
(primarily NOx and CO2) and energy consumptions. CO2 emissions are directly based on fuel 
consumptions in combination with specific CO2 emissions per litre or kg of fuel. This generally leads 
to the most accurate and representative CO2 number. CO (carbon monoxide) can be monitored in a 
similar way as NOx, provided that an (electrochemical) sensor is mounted. There are also PN/PM 
sensors available, but they only provide indicative values for particulate number or particulate 
mass.  
 
EPM gives a range of parameters for each trip or for a longer period. Table 2 provides the related 
information. For rivers, these parameters are usually also split up in upstream and downstream. 
These parameters are generally also presented in time spent or binning charts. Examples are shown 
in Figure 4 below. This clearly shows the range and statistical distribution of these parameters. 
 
 

Parameter Dimension 
NOx g/km, g/ton.km, g/kWh, g/trip 
CO2 g/km, g/ton.km, kg/trip 
Fuel consumption litre/km, litre/trip 
Sailing Speed – Speed over ground km/h 
Route on a map 
Waterway conditions actual stream velocities can be added 

Table 2: Proposed metrics for Environmental Performance Monitoring 

 
 

Figure 4: Examples of presentation of Environmental Performance Monitoring (EPM) 
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2.4 Technical options for Real Sailing Emissions  
 

Real Sailing Emissions (RSE), is focussed on the engine performance in the context of the official 
pollutants emission legislation, more specifically: 
- Official monitoring in the context of EC Regulation 2016/1628 (article 9); This is not yet 

formally required for the NRMM category IWT and IWA; 
- As part of a type approval of Retrofit Emission Control devices (REC);   
- As part of the type approval procedure to assess  Off Cycle Emissions (OCE). 
 
It consists of an on-board measurements for a period of one day to one week. During this period, 
the engine should be loaded in a representative way for this vessel. The measurements itself can 
consist of short measurements during a number of engine load points, or alternatively a continuous 
measurement can be done also encountering all representative load conditions. It should be noted 
that up till now, in the context of emission legislation, for In-Service Conformity (Real Driving 
Emissions) of HD vehicles and for In-Service Monitoring of land based NRMM, the emissions during 
certain low load conditions are excluded from the test results and consequently there are no 
emission requirements for those low load conditions. For HD vehicles, average power conditions 
below 20% power (during a certain period) were excluded from the test results. Recently this is 
reduced to 10% power. For land based NRMM, all load conditions below 10% power are excluded 
from the test results, although the need to be reported separately. The recommendation for IWT is 
also the report all power conditions, but to report the 0-10% and the 10-20% power bins (intervals) 
separately. The power binning formal defined in PROMINENT (figure 1) is ideally suited for this. For 
IWT, it is logical to connect the possible future RSE requirements to the NTE (Not to Exceed) 
Emission Control Area of the engine map. This currently ranges from about 20% to 100% power. It 
should be checked whether this does not lead to possible undesirable high emissions in certain 
urban areas such as ports and cities. 
 
Reporting and parameter options 
The RSE emissions measurement is focussed on NOx, although depending on the equipment also CO, 
HC, PM (particle mass) and PN (particle number) can be included. 

Two main options for the NOx metrics are proposed: 

- NOx  in g/kWh    -  traditional metric for engine emissions 
- NOx in g/kg CO2  -  much simpler metric based on exhaust gas composition only, but with a  

             good relationship with g/kWh values 

 
In Table 3, an overview is given of the calculation procedure options and main parameter options. 
For the g/kWh metric, two calculation options are given. The second option is the more traditional 
option used in the laboratory or with PEMS measurements on road vehicles. However, for vessels an 
exhaust flow or air flow measurement is very difficult due to the large pipe sizes.  Alternatively the 
air flow can be estimated based on manifold air pressure and engine speed. As a third option the 
carbon balance method can be used for which the fuel flow is required. Fuel flow is often available 
via the engine ECU (CAN bus) or via a separate fuel consumption meter. 
 
The second option for metrics, NOx in g/kg CO2, is a very simple option. This only requires the 
measurement of NOx and CO2 concentrations in the exhaust gas, and engine speed to distinguish 
engine conditions. The accuracy of the g/kg CO2 values is much higher than of the g/kWh values, 
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because only a few parameters are involved, which can be measured accurately (the uncertainty of 
parameters like engine power and exhaust flow is usually lower on board of a vessel).  
 
In terms of reporting options, it is advised to simply plot the NOx/CO2 (mass) ratio against engine 
speed or against a normative power (based on engine speed and the propeller curve). For both 
options the engine control area (for example the area above 20% power) can be indicated.  
 
Table 3: Options for Real Sailing Emissions (RSE) and associated calculation and parameter options. 

Calculation procedure Main parameters 

NOx  in g/kWh 

Carbon balance method: NOx mass flow based 
on fuel flow and NOx and CO2 concentrations 
in the exhaust. 

Power based on fuel flow, from engine ECU 
or via torque measurement 

NOx conc. 

CO2 conc. 

Fuel flow 

Power 

Engine speed 

NOx mass flow based on air flow 
measurement or exhaust flow measurement. 

Power from engine ECU or via torque 
measurement. 

NOx conc. 

CO2 or O2 conc. 

air or exhaust mass flow 

Power 

Engine speed 

NOx  in g/kg CO2 

Only exhaust concentrations are measured 

Indicative power based on engine speed (IWP 
engine) or electric power (IWA engine) 

NOx conc. 

CO2 or O2 conc. 

Engine speed or electric power 

 

An important advantage of the NOx/CO2 ratio is the fact that it is relatively constant across the 
engine map. It does not steeply rise at low power or torque such as with the g/kWh metrics (caused 
by division by near zero power). Of course for both metrics there is the effect of after-treatment  
where NOx control needs a minimum temperature and hence a minimum power level to reduce NOx.  
The relation of the mass concentration NOx/CO2 (g/kgCO2) with the specific emissions in g/kWh 
values is straight forward. The g/kWh value is the g/kgCO2 value multiplied with the specific CO2 
emissions per kWh engine work. It is advised to base this on a normative and representative BSFC 
(Brake Specific Fuel Consumption) value, and to use the same value for all engines. BSFC is the fuel 
consumption in gram per kWh delivered mechanical energy (g/kWh). This is the normal way of 
expressing engine efficiency in technical specifications of engines. 
For example with 200 g/kWh being a representative BASF, and the specific CO2 emission based on 
3.15 kg CO2 per kg fuel; the CO2 emission per kWh engine work is 0.63 kg CO2/kWh. So: 
 
        NOx in g/kWh is equivalent to g/kgCO2 value times 0.63    
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The limit value for real sailing emissions can be defined as follows 
  
        NOxRSE  <   CFRSE x  Limit value Type approval                 (for g/kWh metrics) 
 
The CF (Conformity Factor) could vary from about 1.2 to 2. This includes an allowance for 
measurement accuracy (on board) and ambient conditions, which can’t be as controlled as during 
the type approval. 
 
And equivalent for the NOx/CO2 ratio: 
 
     NOxRSE  <   CFRSE x  Limit value Type approval x BSFCref. x 3.15/1000    (for g/kg CO2 metrics) 
 

where the Limit value type approval and BSFC are both in in g/kWh. 

Apart from the main parameters, also additional parameters are important. It is recommended to 
measure the following additional parameters: 

- Date and time (important reference); 
- NH3 emission (in ppm or mg/m3). This is important for engines with a SCR NOx catalyst; 
- GPS position and speed:  provides location and sailing speed; 
- Ambient conditions such as ambient temperature;  
- Engine inlet air temperature and humidity. For the type approval procedure there is an official 

NOx-humidity correction factor. However, for RSE measurements it is recommended to not apply 
this factor in order to be consistent with automotive RDE (Real Driving Emissions) and HDV (in-
service conformity) testing. Moreover, this factor was defined decades ago (seventies of 20th 
century) and is not representative for modern engines. The correction factor was developed to 
be applied to raw NOx emissions (without after-treatment). For that reason it should not be 
applied to NOx emissions downstream an SCR NOx catalyst. Especially with future Stage V 
engines, for which RSE is meant, NOx will usually actively be controlled with sensors and 
ambient humidity is not an important factor anymore; 

- Exhaust gas temperature; 
- In the future Particle Number (PN) measurement can be added. This is already developed for 

automotive PEMS systems; 
- Particle mass (PM) can be added as well. This is a measurement of about 30 minutes under 

several stationary conditions (dependent on PM emissions level). 

Most of the parameters above are also measured during the RDE procedure for road vehicles. This, 
to ensure that a representative trip is driven and that the trip can be specified in length, average 
speed and road types. Also parameters that can influence the emission results, such as temperature 
and humidity are recorded. 

 

Equipment options 
The equipment options are extensively described in the D3.2/3.3 report of PROMINENT. 

For Real Sailing Emissions monitoring, we recommend the following options: 

- Tests with Standard Reference Material (SRM):   
Relatively high quality equipment used in laboratories. This includes the PEMS (Portable 
Emissions Measurement Systems) which was first developed for road vehicles. PEMS currently 
measures NOx, CO, HC and CO2. 

- On-board tests with sensor based equipment, or equivalent:  
The emission measurements are usually limited to NOx and O2. The sensors are developed for 
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the automotive market. Therefore, they are economically and widely available. Due to the low 
system costs, the RSE monitoring could continue for weeks or even months if desired. Examples 
of this type of equipment within PROMINENT are the Multronic DE-tronic datalogger and the 
TNO SEMS system (Figure 6). A correlation of the TNO SEMS with a PEMS system has been done 
for a diesel car, showing a very good correlation. Also for example Blueco installs on board 
monitoring systems.  

 

 
Figure 5: PEMS system installed on a ship (photo TUV Nord) 

 

 
Figure 6: SEMS system installed in a ship (photo TNO) 
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2.5 Technical options for Environmental Performance Monitoring (EPM) 
 
Reporting and parameter options 
The proposed options for metrics were presented in Table 4. As already mentioned, with EPM the 
emphasis is on the overall vessel performance. So the main parameters, NOx, CO2 and fuel 
consumption are expressed in gram, kg or litre per km and per ton.km cargo load. Nevertheless it is 
advised that the NOx of the engine is additionally presented in g/kWh or in g/kg.CO2, since this will 
more directly provide insight whether the emission control systems are functioning correctly.  

EPM is meant for permanent monitoring of a vessel, including automatic data transmission to a 
central database. This means that the monitoring systems should be durable and low-cost. 
Nevertheless a range of parameters is necessary. This is needed to calculate the mass emissions 
(NOx, CO2, etc.) per km. In the table below the main parameters are presented. 

 
Table 4: Main parameters for Environmental Performance Monitoring (EPM) 

Parameters metric Instrument 
NOx g/km ,  g/ton.km, 

g/kWh, g/kgCO2 
Sensor based, e.g. automotive sensor 

PM compliance or not Optional  sensor 
CO2 in exhaust ppm Normally via O2-sensor, often combined 

with NOx sensor 
CO2 g/km ,  g/ton.km Calculated from fuel flow and fuel carbon 

content 
Fuel consumption L / km, l/ton.km Calculated from fuel flow 
Fuel flow  litre/s Measured or from ECU 
Air flow kg/s alternative for fuel flow 
Power  Via fuel flow or from ECU 
Engine speed RPM Important reference for engine parameters 

and load pattern 
Sailing speed and location km/h, 

latitude/longitude 
GPS  

Distance Km GPS/ AIS 
Depth under vessel m Echo sound 
Cargo load ton For ton.km calculations 

• Direct log from input in TMS or RIS 
system 

• Calculation from operators’ cargo 
administration for a certain time 
period 

OBM fault code  Yes, NOx Control Diagnostics  (NCD) 
AdBlue consumption 
(optional) 

litre/s From control system or tank meter 
Important indicator for NOx reduction 

Ambient temperature °C Important reference 
Date and time  Important reference 
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Number of engines 
There are however varying options possible concerning the number of engines to be monitored on 
one vessel. An inland vessel can be equipped with one to up to four engines for propulsion, and 
several engines for electric power and bow-propeller.  

The following options can be distinguished for conventional inland vessels: 

1. Monitoring of all engines on board of the vessel; 
2. Monitoring of all propulsion engines and all generator sets 

default value to be added for bow-propeller engine (if applicable); 
3. Monitoring of propulsion engines only   

default values to be added for generator sets and bow-thruster engine (if applicable); 
4. Single engine motoring with extrapolation to the other identical engine. 

In terms of monitoring, option 1 is the most extensive one, because NOx sensors need to be installed 
on all engines, and also the parameters engine speed and fuel flow are needed for each engine. The 
share of vessels with hybrid drivelines is increasing. In that case generator sets are generally used 
for propulsion, board electricity and bow propeller. In that case it is recommended to monitor all 
generator sets as well as directly coupled propulsion engines (for parallel hybrid). 

Due to the continuous recording of the GPS location, the emissions in g/kWh, g/h and g/km can also 
be reported for urban/metropolitan areas such as ports or cities. This would be interesting to assess 
the suitability of the legislation (Emission Control Area of the engine) and also the impact on air 
quality. NOx can directly be calculated due to the continuous recording. For HC, CO, PM/PN this can 
be based on the engine load pattern (within the urban area).  The characteristic of those emissions 
as a function of load then need to be measured separately with SRM equipment. 

 

CO2 g/ton-kilometre emissions monitoring 

At the technology level, the vessel CO2 emissions can be measured as amount of CO2 emitted per 
kilometre travelled by the vessel. However, in the logistics context it is necessary to get CO2 
emissions per unit of transported freight, as for instance, smaller vessels have relatively low CO2 
emissions per kilometre travelled, but carry limited quantities of freight. 

The transport industry and transport statistics measure the quantity of transport in ton-kilometres 
transported. Essentially this is what counts in transport industry: a certain quantity of goods should 
be transported between the origin and destination over a certain distance. In order to identify 
whether the transport is transported in an environmentally efficient way, CO2 and other Green 
House Gas (GHG) emissions per ton-kilometre is used. 

The gram per ton.km emission are meant to provide insight in the CO2 emissions and energy 
efficiency of a vessel. Also methane emission should be added to this, resulting in an industry 
accepted measure of CO2 equivalent (CO2 eq). Pollutant emission such as NOx and PM can also be 
calculated in gram or milligram per ton.km. A shipper (cargo owner) can ask their logistics service 
provider or barge operator for the gram per ton.km emissions for a certain route or transport 
corridor and commodity type (container, liquid bulk, dry bulk), such that the shipper can calculate 
the environmental footprint for shipping his products via inland waterway transport. 

The Global Logistics Emissions Council (GLEC) provides guidelines for the calculation of the GHG 
emissions, suggesting computation of a fuel consumption factor measured as litres (l) of fuel per 
ton-kilometre. Subsequently, fuel type specific regional conversion factors are used to convert 
amount of fuel used into CO2 eq volume. For more specific information on the GLEC Framework 
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please refer to http://www.smartfreightcentre.org/glec/what-is-glec. Concisely, the GLEC 
Framework specifies the following key elements: 

- The primary data (real world, measured) on transport activity and fuel use are prioritized over 
estimated or average data; 

- Transport activity data is computed as shipment weight multiplied by actual distance driven or 
sailed in order to transport the shipment from the point of load to the point of unload from the 
vehicle or vessel. The GLEC Framework prescribes using the actual distance driven or sailed as 
opposed to the great circle distance or shortest feasible network distance;  

- The fuel data should be actual fuel consumed; 
- Aggregation: The GLEC framework suggests using annually aggregated transport activity and fuel 

use data but specified to different types of vessels and waterways. Fuel consumption can vary a 
lot depending on the sailing speed, currents and type of waterway and depth/width of the 
fairway and navigation channel. Therefore, it makes sense to differentiate according to type of 
waterways and to type of vessels. The annual aggregation ensures that the seasonality is 
implicitly incorporated into the consumption factor, as well as to ensure sufficient 
representation of roundtrips in the aggregated data. In case there are no annual data available, 
measuring consumption index can be started on the basis of round trips, where possible empty 
running, trade imbalance, currents and other factors are explicitly accounted for; 

- The transport activity data are calculated by summing up all ton-kilometres of shipments. So if 
cargo is taken in and dropped off at several terminals, for each part of the cargo the actual 
weight and the actual distance should be taken and multiplied. 

The annual average fuel consumption factor in l/ton-kilometre is consequently calculated as 
follows: 

Sum of ton times km over one year 

Total fuel consumed over one year 

The fuel consumption factor is subsequently multiplied by an appropriate conversion factor in order 
to get Tank to Propeller (TTP) and/or Well to Propeller (WTP,  also referred to as WTW, Well to 
Wheel) CO2 values. GLEC defines that it should be WTP/WTW values, so the overall chain. This has 
the advantage that also biofuels and even electric vehicles can be incorporated in the CO2 
methodology in a proper way.  As already mentioned, the mass of CO2 emitted can best be 
calculated based on the consumed fuel. That is the most accurate and also the WTP/WTW can then 
be properly included using standard CO2 conversion factors. For diesel B0 (without FAME blend), 
customary for inland shipping, the CO2 factors are respectively 3.15 kg/kg fuel (TTP) and 3.78 kg/kg 
(WTP).  The total amount of consumed fuel can be taken from the On-Board Monitoring system, or 
the bunker notes can be summed over one year. 

In order to calculate the CO2 per ton.km according to the GLEC methodology, three main 
parameters are needed: 

• Fuel consumption (l); 
• Distance travelled (km); 
• Cargo load (ton). 

Table 4 summarized the main instruments to calculate the parameters. Fuel consumption (through 
the fuel flow meter) and the total distance travelled (through the GPS sensor) are preconditions of 
the OEM system. In order to identify the total cargo load additional information outside the system 
is required. The cargo load information can be calculated through several methods. 

http://www.smartfreightcentre.org/glec/what-is-glec


 

 
Page 24 of 55 

 

Preferably, the cargo data is directly linked with the EPM system, either via the on board unit or by 
linking the data with the back office. The cargo data can be derived from several possible sources 
(refer to TNO, 2017): 

• Data provided by the shipper (or logistics Service Provider) towards the barge operator, for 
instance through the Transport Management System. The data provided by shippers relates 
to the type of cargo and the total weight and is (among others) used by the barge operator 
for the operational planning and stability calculations; 

• Data provided by the barge operator towards the infrastructure manager in River 
Information Systems. Data is provided concerning the weight and the type of cargo and is 
among others used for safety purposes.  

The data provided in these platforms currently aren’t readily available for re-use purposes. This 
requires efforts in developing a digital data architecture for sharing data. Currently, the European 
Commission is exploring the requirements and solutions for the digitalization of inland shipping. As 
such, a Digital Inland Waterway Area (DINA) is being developed intending to interconnect information 
on infrastructure, people, operations, fleet and cargo in the inland waterway transport sector and to 
connect this information with other transport modes. Logistics environmental performance could be 
an important driver for the (architecture underlying) future digitalization initiatives for inland 
shipping. 
 

If no direct cargo data is available cargo data could be collected from the cargo administration of 
the barge operator for a certain time period (for instance once a month or once a year). Collecting 
the cargo data in such way has some important limitations: 

• The calculation of the data per ton-km can only be performed in an ex post way and cannot 
be automatically transmitted back to the user. Users therefore have no direct feedback of 
the performance; 

• Direct information of the (real time) cargo load can provide more detail and can be a used 
as an explanatory factor for a certain emission performance. 

 

Cost-benefit 

The cost-benefits of EPM systems were evaluated in PROMINENT deliverable D3.5. 

It was concluded that these costs are significant, also due to yearly maintenance (sensor checks and 
replacement) and some membership fee to a database system. The annual costs of EPM were 
estimated to be in a range between 3,400 and 8,200 euro per year. This is dependent on the 
number of engines to be monitored and also the running hours. The costs are still relatively limited 
compared to the total annual running cost of the vessel. In particular if this also leads to more 
awareness of the crew and management to reduce fuel consumption and related CO2 emissions, the 
fuel savings may already offset the additional costs. Furthermore, EPM can be used in the 
marketing, in order to allow clients (e.g. shippers) to choose for transport solutions with low CO2 
and pollutant emissions which shippers can integrate in their Corporate Social Responsibility 
programmes.  
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Equipment options 
As already mentioned in the previous section, EPM is meant for permanent monitoring of a vessel, 
including automatic data transmission to a central database. This means that the monitoring 
systems should be durable and low-cost. The exhaust parameters (NOx, O2) should therefore be 
measured with sensors (such as automotive sensors) rather than with more sensitive and expensive 
laboratory equipment. Within PROMINENT on board monitoring is executed by Multronic, TNO, 
Argonics and Alphatron Marine. The systems are partly complementary: Multronic and TNO include 
actual NOx monitoring in the exhaust gasses, while Argonics and Alphatron Marine focus on depth 
measurements, and all systems monitor engine parameters.   

 

Data formats for monitoring 
An important aspect of EPM is the easiness with which the monitoring equipment can use existing 
vessel signals such as for fuel consumption meter, engine CAN-bus, echo-sound, etc. In PROMINENT 
it appeared that it took a lot of effort to get approval for this from the involved suppliers, and also 
for making physical connections. It took involvement of many parties apart from the ship owner, 
such as the shipyard, the company executing the maintenance, the engine manufacturer, the 
electrical systems supplier and the fuel consumption and after-treatment system suppliers. Apart 
from getting permissions, also the electronic format of the signals varies which makes it necessary 
to make different interfaces and converters for input to the monitoring system. It would be an 
enormous cost saving if electronic data formats and connectors would be standardized in the 
future. 

 

Within the Green Deal COBALD project work is done to standardize data formats and calculation 
procedures for OBM/EPM.  See Appendix B for a description of the COBALD measurement and data 
protocol.  
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3. Options for calculation procedures 
 

On-board monitoring method 
With on-board monitoring, fewer parameters are available to calculate the emissions in the desired 
metrics than in a laboratory. Desired metrics for emissions are mostly g/kWh, g/h, g/km and 
g/ton.km. 

Other reasons to consider alternative calculation procedures are: 

- Independence from the engine and ship management system; 
- Economic reasons: to reduce the installation efforts and to create one or a few solutions that fit 

all vessels. 

Alternative in this case means alternative to the standard calculation procedure according to 
ISO8178 as prescribed in type approval procedures. The standard ISO procedure is based on the fact 
that engine torque or power and air or exhaust mass flow (through the engine) are directly 
measured. For on-board monitoring this is not a practical solution. Torque meters and air meters 
are very rarely installed. 

In the Prominent report D5.7 (PROMINENT D5.7, 2017), the calculation procedure with on board 
monitoring was already described. Refer to Figure 7 and Figure 8 below, which show the parameters 
involved to calculate several emission mass flows, power, emissions per km and specific NOx 
emissions. Fuel flow and specific fuel consumption (BSFC) play an important role in this: 

- CO2 is directly calculated from the fuel flow and carbon content of the fuel; 
- Engine power is directly calculated from fuel flow and BSFC. 
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Figure 7: Calculation procedure to come to mass emissions and power, for on board monitoring.  
               Source Prominent D5.7. 

 

 
Figure 8: Calculation procedure for specific NOx emissions. Source Prominent D5.7. 
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Figure 9: Alternative method to come to specific emissions (g/kWh) suitable for on board monitoring 

 

A method to directly calculate engine specific NOx emissions in g/kWh is shown in Figure 9. This 
option is based on only measuring the NOx and CO2 concentration in the exhaust gas. This, in 
combination with engine efficiency and carbon content, directly leads to g/kWh emissions. In our 
experience, the variations in engine efficiency and fuel carbon content are small in practice. Engine 
efficiencies of different engines are compared in Prominent D5.7 and in [I&M – 2001].  Between 
different engines (manufacturers) of the same emission class, the BSFC values usually vary not more 
than 10 g/kWh, with an average of about 200 g/kWh. This means a bandwidth of 5%, or +/- 2.5%.  
Fuel carbon content variations were investigated by [Ligterink 2016]. For diesel fuel for road 
transport, the standard deviation of carbon content is 1.1%. For inland navigation, this is probably 
even smaller, because road diesel can have significant shares of biodiesel (FAME) up to 7%, while 
diesel for inlands vessels is generally free of biodiesel. So it can be concluded that the total loss in 
accuracy in the conversion from CO2 specific emissions (gram NOx per kg CO2) to engine work 
specific emissions is limited to +/- 3%. If directly g/kWh emissions are calculated, it is consequently 
not possible to process the average emissions across a trip with different load points. In that case it 
is necessary to calculate g/h emission first and then calculate average g/kWh emission according to 
the following equation (E= NOx, HC, CO in g/kWh, Ei in g/h, P=power in kW): 
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P is engine power, which can be derived from fuel flow (with on-board monitoring). We sum over 
the segments of the trip with a constant load. 

Calculation of g/h emissions can be avoided by using the (indicative) power both in the counter and 
in the denominator of the equation above, so: 
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Ei emission in g/kWh in this case. The accuracy of the power is then less important, because it is 
only used to correctly weight the g/kWh emissions, and therefore relative rather than absolute 
values are important. By doing this, P could also be replaced by another parameter which scales 
with power, such as N3 (engine speed to the third power). 
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Yet another alternative is the monitoring of NOx, and other pollutant emission, in gram per kg CO2. 
The major advantage of this alternative is that for real time g per kg CO2 values only exhaust 
emission measurements are needed. NOx and CO2 (or O2 instead of CO2) are simply measured in the 
exhaust gas. Subsequently the concentrations are both multiplied by their molecular masses 
(respectively 46 g/mol and 44 g/mol) and multiplied by 1000 to obtain the gram/kg metric. Another 
advantage of the emission in g/kg CO2 is the fact that it is relatively independent of engine power 
(although catalyst light off temperature and operating range do have a substantial influence as with 
g/kWh emissions). The values do not go to infinity as with g/kWh emissions, when power or torque 
approaches zero. Calculation of average emissions in g/kg CO2 is also possible by simply adding the 
(real time) fuel flow to the calculation:  
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E is emission in g/kg CO2, Ei is emission in g/kg CO2 and FFi is fuel flow. 

 

ISO method 
 

According to the ISO method, the measurement of engine air mass flow and engine power is 
required. The accuracy of these parameters is summarized in the Prominent report D3.2/3.3 
(PROMINENT D3.2/3.3, 2016). We distinguish the ISO 8178 methods for laboratory measurements 
and for on-board measurements. Some important accuracies are: 

- According to ISO 8178 in the laboratory:     
+/- 2% for engine torque, engine speed and air mass flow and 2.5% for exhaust mass flow; 

- For on-board measurements:             
+/- 5% for engine power and air mass flow and exhaust mass flow. 

 

Accuracies with different methods 
 

In Table 5 a comparison is made for the involved parameters and the associated accuracies for the 
following calculation methods:  

- the standard method according to ISO8178 in a laboratory; 
- method according to ISO8178-4 on board of a vessel; 
- the on-board monitoring method.  

The on-board method uses fewer measured parameters, but instead makes use of certain engine 
and fuel characteristics (refer to sections above). 

Additionally for on-board monitoring also the accuracy for NOx in g/kg CO2 is given in the table. This 
is directly based on the NOx/O2 sensor signals, in combination with the chemical equilibrium 
between O2 and CO2 and the molecular masses of NOx and CO2.   

The accuracies are specified within the ISO standards, or they originate from the sensor supplier. 
For a complete overview refer to the PROMINENT 3.2/3.3 reports sections 4, 5 and 6 (PROMINENT 
2017).   
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For the accuracy of the carbon content of diesel fuel, reference is made to (Ligterink, 2016) and for 
the BSFC to the PROMINENT D5.7 report.  
 
Also the following inaccuracies are added, mostly on an expert view basis:  

- accuracy calibration gas: both the same for SRM equipment and exhaust sensors; 
- cross sensitivity NH3, NO/NO2 ratio: different measuring principles for SRM and sensors; 

respectively 2% and 3% is used; 
- NOx inhomogeneity at the sample point: with a single / SRM measurement the sample probe 

is further inserted in the exhaust stream. For that reason a better accuracy is taken: 
respectively 2% and 3% (latter for the sensor); 

- pressure sensitivity of NOx/O2 sensor: only applicable to the sensor which is; directly 
mounted in the exhaust pipe and experiences some back pressure (fluctuations) from the 
exhaust piping and possible noise attenuation. 

It is recommended to further investigate these inaccuracies. 

The total accuracy in Table 5 is calculated by taking the square root of the sum of the square of the 
individual accuracies. This can be done if the accuracy of individual parameters have a normal 
statistical distribution. 

From Table 5 it can be concluded that the total uncertainty of the on-board emission results range 
in general from ± 6% to 8%, with the note that several inaccuracies need further investigation. For 
measurements in a laboratory this ranges from ±4% to 5%. The accuracy of the on board monitoring 
is very similar to the on board measurements according to ISO 8178-4. The higher inaccuracy of the 
emission sensor signals is compensated by the fact that engine air/exhaust flow and engine power 
are not used and replaced by fuel flow and engine BSFC. The same can be done in combination with 
SRM equipment, improving the overall accuracy. Remarkably accurate is the monitoring of NOx in g 
per kg CO2, namely  ±6%. This is due to the fact that relatively few parameters are involved.   
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Table 5: Comparison of accuracies and involved parameters for emissions calculations according to 
              different methods. All accuracies are ± the listed value4. 

 g/h NOx g/kWh NOx g/kg CO2 

All percentages  ISO 8178 

laborato

ry. 

ISO 8178-

4 on 
board 

On-board 

monitorin
g 

ISO 8178 

laboratory 

ISO 8178-4 

on board 

On-board 

monitoring 

On-board 

monitoring 

NOx 
concentration 

2% 2% 2% 2% 2% 2% 2% 

02/CO2 
concentration 

  2%   2% 2% 

calibration gas 2% 2% 2% 2% 2% 2% 2% 

cross sensitivity 
NH3, NO/NO2 
ratio 

2% 2% 3% 2% 2% 3% 3% 

measuring point 
NOx 
inhomogeneity 

2% 2% 3% 2% 2% 3% 3% 

pressure 
sensitivity 

  2%   2% 2% 

Engine speed    2%    

Engine torque 
/power 

   2%    

Engine power     5%   

Air/exhaust mass 
flow 

2%/2.5% 5%  2% /2.5% 5%   

Fuel flow (2%) (4%) 4% (4%) (4%)   

BSFC/engine 
efficiency 

  3%   3%  

Fuel carbon 
content 

  1%   1%  

Total accuracy ± 4% 6% 8% 5% 8% 7% 6% 

 
  

                                                 
4 Accuracies of fuel flow in parenthesis do not have to be added to the total uncertainty, because this is already included in 
the specified accuracy for the exhaust mass flow. 
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4. Data-transmission  
 

Data-transmission options 
 
This chapter describes the “land” part of the IT infrastructure, not the installations of the 
monitoring system on the vessel itself. The recommendations are written from the experiences in 
the PROMINENT project. The recommendations are also applicable for monitoring campaigns other 
than emission monitoring. 
 
Offline data logging 
One of the most basic options for data transmission is the logging of measurements onto a storage 
device (hard drive, SSD, SD card) on board of the vessel. The data is then periodically collected by 
visiting the vessel, and replacing the storage device. There are several issues with collecting data 
this way; one is the time spent for visiting the vessel and planning the appointment with the 
skipper. The time needed for this imposes significant costs. Another  problem is the detection of 
errors in the OBM setup. The OBM system may have stopped collecting data, but this will be only 
noticed once the vessel is visited. Data was not collected during the measurement period, and the 
time is therefore ‘lost’. Furthermore, there may not be enough time to resolve the issue during the 
visit to the vessel, and another appointment has to be made to board the vessel again, leading to 
another period without monitoring, and costly time spend on making appointments.   
 
Email 
Some OBM systems can transfer the data to the shore by collecting the data and sending it via 
email. This set up is relatively easy, and existing email infrastructure can be used. WIFI can be used 
when no GPRS/broadband connection is installed on the OBM system. Disadvantages of using email 
is the security, end to end encryption is not guaranteed. The OBM cannot check that the email is 
transmitted correctly, FTP and HTTP offer better methods for this.  
 

Data-transmission within PROMINENT 
 
FTP(S)/HTTP(S) 
The On Board Measurement (OBM) units need to transmit the data to the shore, this occurs via 
GPRS, broadband mobile internet or possibly satellite, or via WIFI. Within PROMINENT multiple 
partners transmit their measurements, this is done to a central File Transfer Protocol (FTP) server 
(see also Figure 10). 
 
Each installation contains a dedicated set of credentials for login/identification. The credentials 
exist of username & password, and are not allowed to be shared between OBM installations because 
the login is coupled to the specific ship in the database. 
 
To allow for flexibility of the system, the following connections are allowed to connect with the FTP 
server: 

- FTP: File Transfer Protocol 
- FTPS: FTP SSL(Secure Sockets Layer)/ Transport Layer Security (TLS) 
- HTTP: Hypertext Transfer Protocol 
- HTTPS: HTTP over SSL 
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All connections can be made to the same Uniform Resource Locator (URL), but the method varies. 
 
FTP 
FTP first sets up the connection to the server, transmits the data file, and then closes the 
connection. The difference with FTPS is that the latter encrypts the connection, making it 
unreadable for other systems than the OBM and the FTP server. This is more secure than FTP and is 
therefore preferred. The reason to allow FTP as well is that some OBM installations, such as Arduino 
modules, are not natively capable of setting up an encrypted connection. Using an unencrypted 
connection could result in the leaking of data or even credentials.  
 
HTTP  
HTTP data transfer is a single side action from the OBM, which posts data onto the internet 
addressed to the webserver that runs the FTP server. Credentials have to be provided by the OBM, 
which are the same credentials as can be used for the FTP connection. The webserver then replies 
to the OBM whether the data package was correctly and fully received or not. This is done with a 
standard HTTP 200 “OK” response. HTTPS works identical, but the data is first encrypted before it 
is send to the server. This makes it impossible to read the transmitted data or the credentials. SSL 
is also used to verify the authenticity of the server.    

 

 
Figure 10: Transmission from vessel to the TNO server 

 

 
Figure 11: Processing and inserting data into the database. 
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Data writing and reading from the FTP server 
OBM installations can by default only write data to the FTP server and cannot read or delete data. 
Therefore possible loss of credentials cannot result in the leakage or stealing of from the FTP 
server. Read permission of the raw data on the FTP server can be supplied when explicitly asked by 
the data/OBM owner. The OBM installation owner will then be supplied with a separate FTPS read 
account which access to read the owners data. Read permissions can be useful during the 
installation of the OBM, in order to double check whether data arrives at the FTP correctly.  
 
Retrieval of data from the FTP server can only be done using a user account on the FTP server. 
Login on the FTP server with this account is only allowed from a specified IP-address, which is at 
TNO for PROMINENT. The FTP is checked via this user account periodically (e.g. every 15 mins) for 
new data. 
 

Data-processing options 
 
On-board vs on shore processing 
Measurements can be processed by the OBM system or on the land based server. Within PROMINENT 
processing is done on land as much as possible. The reason for this is that the functioning of the 
OBM can be analysed in detail. Also this is more robust as bugs in the processing scripts can be fixed 
as soon as found in a single location, whereas processing on the vessels would require going on 
board to update the scripts.  
 
Raw vs processed data in the database 
When different OBM systems are being used, the transmitted raw data contains different variables 
and different units. The database may be filled with either the raw data, or processed, directly 
usable data. The disadvantage of processing the data before it is inserted into the database is the 
fact that the processing almost always uses models to calculate the “end results”.  
For example, there is no need for a ‘model’ to convert the OBM variable “fuel_flow” (which may 
have units [g/s]) to Fuel_flow [kg/s], but it does need a model to convert it to Fuel_flow [L/h], as it 
involves the density, which depends on the composition of the fuel, temperature etc. Another 
example is the delivered Power [kW], which is often derived from the fuel flow. This calculation 
uses the specific fuel consumption, for which different models exists.  
The scripts that make these calculations may apply different models for different applications of 
the Power [kW], so it’s convenient to apply the script just before the Power [kW] is needed, so that 
the script can apply the model relevant for the current user of Power [kW]. Furthermore, it may 
happen that bugs are found in the processing script, or a new processing method is developed. 
When the processing is done before the data goes into the database, the entire dataset must be 
obtained from the archived, processed and inserted into the database. This is a serious amount of 
work for a 1TB database.  
 
Validation of the processing scripts 
When the data is retrieved, it is prepared to be inserted into the database. The workflow is 
displayed schematically in figure 11. It depends on the OBM type what needs to be done before it is 
inserted into the database. Some OBM units deliver the final quantities right away, others need 
processing. This processing is automated using scripts that are applied to the raw data.  
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When processing scripts are applied, it is highly recommended to define validation cases for the 
scripts. This is to avoid bugs or errors being introduced to the scripts unnoticed.  
 
The validation can be done in different ways before uploading new processing scripts: 
 

- Manually by comparing processing outcomes; 
- Running unit tests;  
- By running unit tests automatically when using a continuous integration system like GitLab5 

in combination with Docker builds6. 
 
For the PROMINENT database the last option was chosen, since it is the most robust way, in 
particular when the number of vessels with OBM is increasing.  

                                                 
5 https://about.gitlab.com 
6 https://docs.gitlab.com/ce/ci/docker/using_docker_build.html 
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5. Database setup 
 

Setting up a monitoring network requires choices on whether or not to use a database, which type 
of database and which data the database will hold. This sections handles these topics from the 
PROMINENT view.  

The need for a database 
When processing large amounts of data, one can opt for using plain text files to store the data, or 
go for a database as a data storage. Choosing for a database creates extra work because the 
database has to be defined, setup and filled with data. Often, engineers need to understand and 
learn how to work with the database as well.  
 
Still, using a database has many advantages over using plain files, some of which are: 
 

- Fast querying for specific results. Databases index the stored data, leading to significant 
reduction of time to search the data; 

- Reduced need of memory (RAM) on the work station. Plain files have to be loaded into the 
RAM, which is not possible when the data is larger than several GBs. Loading the data takes 
time, which the database doesn’t need; 

- Allowing external access to (a subset of) the data via internet; 
- Integration with web frameworks, which use the table schemes to present results on 

websites; 
- Databases can handle multiprocess/multithreaded access; 
- Databases can watch for data integrity and update data easily. 

The type of databases 
Within engineering Structured Query Language (SQL) and NoSQL (Not only SQL) are the main types 
of used databases. When selecting the type of database, one can opt for server based or file based 
types. SQL requires the definition of columns with data types per table, which is not needed with 
NoSQL. 
An example of a file based system is SQlite. The advantage of file based databases is portability. 
The disadvantages are the lack of user authentication, and poor performance compared to the 
server based databases.  
Server based systems like MySQL, PostgreSQL and many others are hosted on a machine and allow 
users to be defined, with different roles and permissions on the data.  
Distributed NoSQL databases as Apache Cassandra offer much more flexibility as the table schemes 
are not fixed. Also this types are more redundant because the data lives duplicates on the different 
nodes. Although this kind of database can be preferred for the storage of emission monitoring, 
PROMINENT did not opt for it because of the high costs and specialized support that it requires.  

Configuration of the database server 
PROMINENT uses a large MySQL database-server to store the data. The server is split into 
independent databases, which have their own users. See Appendix C for a description of the data in 
the database. The independent databases are each dedicated to project partners, who deliver the 
data. The project partners have login for their sections, and can take benefit of the database by 
querying the database directly. Project partners only receive read permissions, and cannot alter or 
remove any data in the database.  Each user is dedicated to an IP-address, therefore no 3rd parties 
can access the database.  
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This configuration implements the data confidentiality agreements with the data providing parties.   
 
Backups 
It is important that the database is backed up regularly, and the backups are stored for a decent 
amount of time, so that work on the database cannot lead to a loss of data. On top of this, the raw 
data should be archived for long term storage.  
 
Table schemes  
Different OBM systems supply a different set of quantities that are measured or derived. Therefore 
each OBM type has a dedicated data model, which translates into a database table structure. When 
a data supplier uses different data schemes for different OBM systems, multiple tables will be 
created.  
 
Validation of data 
Before the measurements can be inserted into the database, they must be validated with the 
database scheme. Within PROMINENT, this is done using “Serializers” from the DJANGO rest-
framework package. The Serializers clean the data by removing invalid data, wrong data types or 
even malicious data/script from the data. Missing data can be filled with default values. Mismatches 
with the data scheme are reported. Only valid data is inserted in the database. 
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6. Workflow using the MySQL database 
 
This chapter describes the workflow to obtain use useful results from the data in the database.  
 
Five steps can be identified in this workflow: 
 

1. Retrieve data from the database(query); 
2. Standardize the data format;  
3. Combine data with additional info about the vessel; 
4. Enrich the data with (for example) fairway data; 
5. Create standardized plots.  

 
 

Retrieve data from the database (query) 
First data has to be queried/selected from the database. This process can be speed up by creating 
the correct indexes on the data table on which the selection is made. Raw queries can be used, or 
when using an Object-Relational Mapper (ORM) more generic scripts may be written. Making queries 
can be tedious when de database is slow, so time should be reserved for optimizing the database 
performance.  
An example problem with datasets: An OBM system may produce a data point every second, but may 
not have the fuel flow available every second, but only every 10th second, leaving a default of 0g/s 
for the other data points. Querying for a subset, for example selecting every 3rd second may result 
in only retrieving a very small set of the fuel flow, resulting in incomplete figures. This has to be 
checked for each OBM system, and dealt with when possible. When producing final results, it is 
recommended to produce them from the full dataset (see Figure 12). 

 
Figure 12: Workflow data analysis 
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Standardize the data format  
The data received from the query comes in different formats from the different tables.  
Names of the columns are inconsistent, and data may be missing. For example one OBM may log  
fuel consumption in L/h, the other OBM in g/s.  
The data from the query has to be converted to a common format before a generic processing script 
can be applied. Such a format is also required when standardizing communication between 
database via an API.  
It is recommended to place the units of the variable directly after the variable, so that there can be 
no confusion about the units. When the variable is needed in different units, provide both. Variables 
consisting from multiple words may be split using underscores(“_”), which can be easily replaced by 
spaces in case of plotting.  
 
The standardized format used in PROMINENT: 
 

- SOG[km/h]; 
- SOG[m/s]; 
- CO2[g/s]; 
- Acceleration[m/s2]; 
- Fuel[g/s]; 
- Speed[/min]; 
- Temperature_Engine_Out[C]; 
- Temperature_Exhaust[C]; 
- Fuel[l/h]; 
- Power[kW]; 
- NOx[g/s]; 
- NOx[g/kWh]; 
- NOx[g/km]; 
- Power[%]; 
- Datetime; 
- Gpslat; 
- Gpslon; 
- up unknown down  # -1, 0, 1. 

 

Combine data with additional info about the vessel 
Some of the variables may not be computed directly from the available data provided by the OBM. 
For example, relative engine power (Power [%]) needs the nominal power from the diesel engine 
when the absolute power (Power[kW]) is available. The nominal power is typically not available in 
the measurement and has to be stored in the database or a separate file. Within PROMINENT, the 
power is calculated from the fuel flow and engine efficiency. Engine efficiency is usually expressed 
in Brake Specific Fuel Consumption (BSFC in g/kWh). This is the fuel quantity in grams that is 
needed to produce one kWh energy on the output shaft of the engine. The BSFC curve is taken from 
the engine specifications. Alternatively a generic BSFC curve can be taken (suited for the type of 
engine).  
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Enrich the data with fairway data 
The dataset may also be enriched with external data sources. In PROMINENT, upstream and 
downstream sailing was assigned to each data point. To find this condition a lookup on a fairway 
map was performed, in order to compare positions on the river. Also ship performance models such 
as the right-sizing tool from SWP2.4 can be run over the dataset, enriching it even more.  
It is recommended to make this step generic, and apply it after the generic dataset is complete.  
 

Create standardized plots  
Because the data now contains the same fields for each of the vessels, independent of the OBM type 
that was used, standard visualization is applied. This can be done either online, or for reporting. 
For illustration, a fact sheet from D5.7 is provided in Figure 13, which contains the same 
information for each of the measuring parties in PROMINENT. 
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Figure 13: Fact sheet, example data representation from D5.7 
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7. Data sharing  
 

Within measurement campaigns there is often a need to have high level access to the data, so that 
researchers and policy makers can easily analyse the data and draw conclusions. Also, the sharing of 
data with project partners is often required, as within a consortium like COBALD. This section 
describes how such a tooling can be built on top of the OBM + database infrastructure.  
 
Web framework/website 
In Prominent a web interface is being developed to provide access to the measurements. The web 
interface is useful to get a quick look at the measurements available in the database, and evaluate 
if things a running correctly. The web interface is represented by TNO analysis site in figure 15. 
 
Web interface security 
The web interface runs in an isolated environment (‘sandbox’) on the same server as the FTP. The 
sandbox makes it impossible for the FTP and the website to connect internally in the webserver. 
The interface is only accessible for logged in users, and only secured connections are available. The 
framework only has “read only” logins to the database available. Therefore no changes to the 
database can be made from the website. Also, all activity and the server status is logged by an 
external party in order to monitor all interaction to the server. Users are unique by name and email 
address, and are known to the administrator (TNO). The website should by default be secured 
against modern attacks, especially when interaction such as forms is allowed7.  
 
Website 
The subset of the information known about the ship is shown in Figure 14.The ships beam and 
Length are shown, together with an unique ID in the database. Here also the entire dataset can be 
downloaded, which is only recommended when there are few measurements.  
 

 
Figure 14: PROMINENT web interface. A: logged in user. B: Ship information C: download measurements. 

                                                 
7 See for example https://docs.djangoproject.com/en/1.11/topics/security/ 
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When navigating to measurements sessions, which start and stop with engine start/shut-down, a 
summarized overview of the data is given: see Figure 15. At the moment, only raw data is found 
here, but as the framework develops this may be extended to the enriched data (see previous 
section).  
 

 
Figure 15: View results on PROMINENT web interface. A: Download results. B: View measurements. 

 
End users 
The web interface can be used to give save access to measurements, and give end users concrete 
results. This can be relative ship performance, compliance with regulations, etc. This can be both 
of interest for the skipper, as well as for on shore parties that optimize vessel fuel consumption.  
 
Web services 
 
RESTful API’s8 
When cooperating with other projects or partners, an API/web service can be initialized to allow for 
sharing of data. By doing this, no copying or duplication of data is needed, saving effort and hosting 
cost of databases. A schematic overview of such a situation is given in Figure 16. Communication 
between the web services should always be restricted using user+password and IP address 
restrictions.  
 

                                                 
8 Representational state transfer (REST), Application programming interface (API) 

  A 

  

B 
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Figure 16: Schematic overview of sharing measurements with other partners/projects via an API. 

 
The data in the database, or resources, should be made available in an understandable way.  
 
A RESTfull API may implement urls9 like:  
 

- https://somewebsite.eu/shipname/ 
Return all available ships in the database for the specific 3rd party; 

- https://somewebsite.eu/shipname /ship1/ 
Returns the timeframe in which data is available for ship1;  

- https://somewebsite.eu/shipname /ship1/start/1-1-2017/stop/1-2-2017/ 
Returns all data for ship1 between 1st of January and 1st February 2017.  

  
  

                                                 
9 See also http://www.restapitutorial.com/lessons/restfulresourcenaming.html 

TNO API MySQL database 

3rd party 

https://somewebsite.eu/shipname/
https://somewebsite.eu/shipname%20/ship1/
https://somewebsite.eu/shipname%20/ship1/start/1-1-2017/stop/1-2-2017/
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8. Conclusions and recommendations 
 

The work in this report focusses on the technical recommendations for on-board monitoring of NOx, 
energy consumption and operational profiles. This leads to the conclusions described below 
regarding options for technical procedures and equipment, including data-transmission to a central 
database, database set-up and data sharing. 
 
Parameters and accuracy 
It is advised to use fuel flow and NOx and O2 or CO2 in the exhaust gas as the main parameters for 
the mass flow and specific emissions calculations via the carbon balance method. Power is also 
based on this fuel flow (with a fairly good accuracy). With these parameters, the RSE and EPM 
monitoring can be done independent from the engine supplier and the accuracies are not 
compromised by the relative high tolerances of e.g. CAN signals. The accuracies were analysed and 
compared with those of laboratory measurements, although further work is recommended. It 
appeared that according to the proposed method, the accuracy is estimated to be around ±8% for 
the g/h and g/kWh NOx emissions, compared to ±4%-5% for laboratory measurements. The g/h NOx 
emissions are the basis for g/km, g/ton.km and g/trip emissions (without further loss of accuracy).  
 
Hardware 
For RSE both SRM (Standard Reference Material) as well as sensor based equipment can be used for 
the emissions measurements. For EPM, sensor based equipment is recommended. The proposed 
hardware furthermore includes:  
 
- Data recording system suitable for storing months of data; 
- Interface/connection to engine CAN (for primarily engine speed);  
- Interface/connection to fuel flow meter(s); 
- GPS location ; 
- Data transmission via GPRS. 
 
The hardware for on-board monitoring can be supplied by a range of suppliers, although not many 
have experience with emission sensors and the extensive calculation procedures necessary to 
transmit emission concentrations to g/h, g/kWh and g/km emissions. 
 
Real Sailing Emissions (RSE) 
RSE monitoring is meant to evaluate the NOx emissions performance under normal, real life sailing 
conditions (equivalent to Real Driving Emissions for HD engines). Within this report, a number of 
options have been described regarding reporting format, parameters and equipment. RSE can be 
used for several purposes. For the planned monitoring of engine emissions in real life application, 
under regulation 2016/1628 (NRMM Stage V for IWT and IWA engines). RSE should also be considered 
as a formal part of the Type Approval for Retrofit Emission Control devices (REC)10, or for OEM 
engines for evaluation of Off-Cycle Emissions (OCE).  

The obvious metric for RSE is g/kWh. As additional metric NOx emission in g/kg CO2 is proposed. 
This can be determined more accurate (±6%), is very suitable to quickly access the emission 
performance of an engine and has a firm relation with the g/kWh emission.  

                                                 
10 In PROMINENT deliverable D3.2/3.3, it was advised to develop a Type Approval for REC for inland shipping similar to UNECE 
R132. RSE can then be used as on-board validation for the performance of engine + REC device. 
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Different reporting formats for RSE are proposed. One of them is a chart with the average NOx (in 
g/kWh or g/kg CO2) per power bin (about 10 bins) in combination with the time spend per power 
bin. Other options are meant for long time monitoring. These charts include one hour, one day or 
one week average NOx emissions as a function of time, presented along with average power. 

It is recommended to further develop this procedure within an appropriate working group under 
supervision of the European Commission DG Growth. It should also be considered to expand it with 
the PN or PM and the NH3 measurement. For LNG engines it can be considered to add CH4 as well, 
but this is only necessary if it appears to be sensitive to the real world behaviour of the ship 
(compared to the type approval test). Within this working group representatives should take place 
of River Commissions, Member States Administrations, JRC, Technical Services, engine 
manufacturers (EUROMOT), REC manufacturers and research institutes. It is further recommended 
that RSE methodology will be suitable for both engine OEMs as well as for independent testing. 

 
Environmental Performance Monitoring (EPM) 
EPM is focusses on permanent on-board monitoring of both NOx, CO2 and energy consumption, and 
also expressing this in emissions per km and per ton.km.  
 
Output of EPM can be used for several purposes: 
 
- For reporting environmental performance to public and private stakeholders; 
- For efficient navigation and efficient ship design for the ship owners themselves. 

 
The proposed reporting format for EPM includes: 
- NOx:     g/km, g/ton.km, g/kWh, g/trip 
- PM/PN (optional):     indicative Particulate Mass or Number emissions 
- CO2:     g/km, g/ton.km, kg/trip 
- Fuel consumption:    litre/km, litre/trip  
- Sailing Speed /Speed over ground:  km/h 
- Route  on a map 
- Engine power distribution 
- Payload information   ton/ trip, average ton/ month 
 
Engine power distribution is a main characteristic for the operation profile and a key information 
for future powertrain design, hybridisation and also for efficient navigation. 
With EPM data of the vessel (fuel consumption, distance, emissions) needs to be combined with 
cargo load data. The latter data provided by the logistics service provider or data provided by the 
barge operator to the infrastructure manager can be used. Preferably this is directly linked to the 
EPM system (either on-board or via the back office). Preferably this will be arranged in the future 
via the Digital Inland Waterway Area (DINA). 
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Data-transmission, database set-up and data sharing 
A number of options for transmission of monitoring data from the vessel to the shore were 
evaluated.   
The preferred option are sending data via FTPS or HTTPS. This allows for safe and real time data 
transmission. The server receiving the data should be well configured, to allow for quick 
intervention if there are problems with the on board monitoring system. Other options are  
manual data collection (memory card), or sending data by email. These are easy to implement, but 
do not allow for quick intervention or automation of data processing in general.  
Within PROMINENT, storing monitoring data in a central database has shown essential to achieve 
standardized collection of data, sharing data and using data for interpretation. Databases also 
enable the creation of front-ends, such as a website, in order to make monitoring data available to 
end-users. Since the data will be stored in an online environment, it is important to manage 
confidentiality and permissions carefully, and shield off the database from direct data insertion 
from the on board measurement units.  
The online central database appeared to be a convenient and recommendable way to share 
monitoring data between projects and users via a REST API. The format of the shared data can be 
adjusted without making changes to the database, making it easy to set up an interface. 
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10. Abbreviations 
 
 

AIS  Automatic Identification System  
CCNR  Central Commission for the Navigation of the Rhine  

CESNI  
Comité Européen pour l’Élaboration de Standards dans le Domaine de Navigation 
Intérieure  

CNG  Compressed Natural Gas  
CO  Carbon Monoxide  
CoP  
DCU 

Conformity of Production  
Dosing Control Unit 

DOC  Diesel Oxidation Catalyst  
DM 
DPF 
DTC  

Diagnostic Message  
Diesel Particulate Filter 
Diagnostic Trouble Codes  

EC  European Commission  
EGR 
EPM  

Exhaust Gas Recirculation  
Environmental Performance Monitoring 

GHG  Green House Gas  
GTL  Gas-To-Liquid  
IMO 
ISC  

International Maritime Organization  
In Service Conformity 

ISM In Service Monitoring 
ISO  International Standardization Organization  
IWT  Inland Waterway Transport  
LNG  
NCD 

Liquefied Natural Gas  
NOx Control Diagnostics 

NRMM  Non-Road Mobile Machinery  
NTE  
OBD 
OBM 

Not To Exceed value 
On Board Diagnostics 
On Board Monitoring  

OCE  Off Cycle Emissions  
OEM  Original Equipment Manufacturer  
PM  Particulate Matter  
PN  Particulate Number  
RDE  
RSE 

Real Driving Emissions  
Real Sailing Emissions 

REC Retrofit Emissions Control device 
RPM  Rotations Per Minute  
SCR 
SEMS  

Selective Catalytic Reduction 
Smart Emissions Measurement System 

SRM Standard Reference Material  (measurement equipment) 
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IT Abbreviations 
 
API  Application programming interface 
DJANGO high-level Python Web framework 
FTP    File Transfer Protocol 
FTPS  FTP SSL(Secure Sockets Layer)/ Transport Layer Security (TLS) 
HTTP  Hypertext Transfer Protocol 
HTTPS   HTTP over SSL 
MySQL  open source database management system 
NoSQL  Not only SQL 
Python  Open source computer language 
REST  Representational state transfer  
SQL  Structured Query Language 
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Appendix A.  Parameter comparison 
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Appendix B.  Measurement and data-protocol Green Deal COBALD  
 
 
Measurement principles and possible sensors: 
 
- Measurement of exhaust gas concentrations with sensors such as: 

o Automotive Zirconium sensor which measures NOx and O2 concentrations; 
o Electrochemical sensors for NO, NO2, CO, O2; 
o Infrared sensor for CO2 and CO; 
o Chemiluminescence for NOx; 
o Paramagnetic for O2. 

- Sensors can be positioned directly in the exhaust pipe, or fed with exhaust gas via a sample 
tube. In the latter case, can be in ‘dry’ exhaust gas (means that water is condensed out of the 
mixture). If measurement is done in ‘dry’ exhaust gas, a dry-wet correction factor will be 
processed and applied in order to correct ‘dry’ concentrations back to ‘wet’ concentrations. 

- Temperature and humidity of the inlet air  (to be used for the NOx-humidity correction factor, if 
applied). 

- Exhaust gas temperature at the location of the exhaust gas concentration sensor or sample 
point. 

 
Measurement frequency: 
 
- One measurement per 1 to 10 seconds  (frequency:  1Hz to 0.2 Hz)  will be logged and 

transmitted to the central database.  
- Measurement frequency and duration is not considered important for inland shipping, since the 

load pattern is relatively stationary. Power is usually constant for minutes to hours. Only during 
manoeuvring short power periods (< 10 s) are normal, but the contribution of manoeuvring 
actions to the overall emissions will be very small.  

 
Calibrations and installation instructions: 
 
- Exhaust gas sensors should be delivered with a calibration certificate based on suitable bottled 

calibration gases 
- Sensors and other equipment must be installed according to the installation instructions 
- Exhaust sample points or locations of sensors must be chosen as follows: 

o If an SCR catalyst is mounted: make sure that the exhaust gas is homogeneously mixed 
after the catalyst, before the sample or sensor location point. Homogeneously mixed 
can be secured after a pipe length of ten times the pipe diameter or after two 90° 
bends.  

o If no catalyst is mounted, any point after the turbine of the turbo-charger is considered 
as sufficiently homogeneous. 

 
Calculation of end results such as g/kWh, g/km and g/ton.km. 
With on-board monitoring fewer parameters are measured than in a laboratory for economic and 
practical reasons. Additionally, the intension of on-board monitoring is the measurement of the Real 
Sailing Emissions, and specifically not the emissions during a certain test cycle.  
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Consequently the recommendations for the calculation procedure are as follows: 
 
- Calculation as much as possible according to ISO 8178, however: 

o Indicate if concentrations are ‘dry’ or ‘wet’  concentrations 
o Specifically mention if NOx humidity correction factor is applied.  

It is recommended to only apply the NOx-humidity correction factor for conventional 
engines when comparing the real sailing emissions against the CCNR I and II standards.  
NOx during Real Sailing Emissions are preferably reported without this correction factor 
as is done with Real Driving Emissions (RDE) for road vehicles.  

o Gram emissions are calculated for each point, no weighing factors are applied to 
individual points. 

- NOx mass emission: 
o is preferably calculated via the carbon balance method with fuel flow (fuel flow from a 

fuel meter. Via engine management system is all right if this is validated). 
o Alternatively air mass flow or exhaust mass flow can be used. 

- For engine power, two options are recommended: 
o Calculated with fuel flow and a generic average specific fuel consumption (or a 

dedicated specific fuel consumption from the engine specifications). 
o Via a torque meter on the engine shaft or the propeller shaft. 

- The results, such as in g/kWh, can be calculated on board of the ship or on-shore in the central 
database.  

 
When emissions are averaged (during a trip), always calculate first total emissions (in gram)  and 
total work (engine work in kWh, or ship performance in km), and then divide them in order to 
calculate average Real Sailing Emissions  (principle is to divide sum of total emission by sum of total 
work).  
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Appendix C.  Database structure 
 
This paragraph describes the database structure as used for the TNO measurement storage. The 
data is stored into different tables, grouped by parameters with a logical dependence and avoiding 
repetition. The main types of data relate to(table names are in bold): 
 

- Technical data of the vessel, tables: 
o Vehicle 

 Basic information about the installed vessel 
o Barge  

 Dimensions of the vessel, and some information about installed equipment 
o Engine 

 More detailed information about the installed powertrain, like types of 
engines, gearbox and basic propeller characteristics 

- Owner of the vessel: 
o Ownerinfo: basic contact details of the ship owner 

- The installed measurement device 
o System 

 Registration number and text with the kind of installed SEMS system 
o SensorCalibrationSems 

 Fysical parameters needed to convert raw measurements to final values 
o BaseCalibrationSensor 

 Shared parameters for NOx, MAF11 & NH3 Calibrations 
o NOXCalibration: gain and offset for NOx sensor 
o MAFCalibration: gain and offset for MAF sensor 
o NH3Calibration: gain and offset for NH3 sensor 

- The measurements: 
o Session: measurements series, for example between engine start and shutdown 
o SemsMeasurement: actual emission measurements table contains both raw and 

processed/validated data for exhaust mass flow, emissions before and after 
catalyzer, exhaust temperature, ambient air conditions and GPS information. 

                                                 
11 Mass Air Flow 
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Figure 1: Schematic overview of the TNO measurement database 
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