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Energy 
market

data for validation, 
estimation and 

allocation

kWh

kWh

commodity (€)

grid fee (€)

Data Collecting 
System on ground
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Introduction

Presenter
Presentation Notes
NMBS heeft eigen DCS en stuurt data rechtstreeks door naar EREX
Infrabel biedt DCS diensten aan (via EREX), maar tot nu toe wordt deze nog door niemand gebruikt
Momenteel zijn er een aantal landen (bv. FR) die verplichten om eigen (Franse) DCS te gebruiken.
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Energy meters are common on trains, but their data is rarely used for invoicing.

• Analyze: 
• How much data is actually used?

• Investigate: 
• Why is the data being ignored?

• Solve: 
• How do we improve utilization?

Introduction
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Erex data used for analysis:

• Raw Metering Data:
• Measures energy consumption for a consumption point 

• Train Run Data: 
• Energy data for a traction unit set

• Fleet Masterdata:
• Crucial link to connect the consumption point to a specific vehicle (EVN), train 

type, and organization.

What data do we have
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Process

PostgreSQL 
Database

Raw Energy

Train Run 
Energy

Fleet Data

SFTP

Download

Processing 
+ Analysis
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Train run energy data

Timestamp
Coordinates

Consumption data 
(measured and/or estimated)

EVN
Calculation type



11

Raw energy data

Quality flags

Energy offtake/injectionTimestamp
GPS coordinates
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• Goal: current metering % and room for improvement

• Divide train runs into different categories:
• Metered: energy is 100% metered (includes shunting and stabling)
• Unnused meter energy: energy is estimated, but traction unit is metered and has 

had metered train runs in the past.
• To be equipped: traction unit type is part of a newer series and will be equipped 

with a meter in the nearby future
• Old rolling stock: traction unit is part of an older series that will probably never 

be equipped with meters
• Empty: traction unit type is ‘empty’ (missing train composition data)
• Unknown: traction unit type not found in fleet masterdata

General metering statistics
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only ~2/3 of metered 
energy is used for 
invoicing

Using all metered energy would improve metered% 
from 40% to 60%
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• Goal: evolution in metering % and metering usage per traction unit type

• Gebruik Sankey diagram:
• 𝑬𝑬𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎: energy that is metered (includes shunting and stabling)
• 𝑬𝑬𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖: energy is estimated, but traction unit is metered and has had metered 

train runs in the past.
• Usage %: metered energy / (metered energy  + Unnused meter energy)

Metering statistics per traction unit type

U
nnused

Metered 
energyMetered Traction

unit
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Some Traction types: 100% equipped with meters, but 30% of energy is estimated

Current metering statistics per traction unit type
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How to close the gap and improve metering usage?
• Find root causes for low metering usage
• Analyse raw metering data and compare with corresponding 

train run data

Causes for low metering usage



Metering Data

Impact of low metering quality

Metering data at ‘neutral zones’ assumed as ‘uncertain’ ...

Plot Raw metering data by metering quality: Measured = blue, Uncertain = red



Metering Data

Impact of low metering quality

... Causing a big part of the trainrun to be estimated

Plot train run by quality: Measured = blue, Estimated = red



Metering Data

Impact of low metering quality

Not a unique case

Plot train run (same train ID over a period of 3 months) by quality: Measured = blue, Estimated = red
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Analysing raw energy data over a 4-month period
• Huge amount of data (40+ million datapoints)

• Challenging to process and visualise data
• Mix of 1- and 5-minute data
• Group data on coordinates and split between low and high energy metering 

quality
• Data plotted using heatmaps 

• Count: ∑ datapoints at a coordinate 
• Where has a train been driving?

• Specific consumption: ∑ consumption / ∑ datapoints in a group [MWh/minute]

Analysing raw data
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• Just plotting all data doesn’t tell much 
̶ Trains are stabled for most of the time

• Need to distinguish between ‘driving’ and ‘stabling/shunting’

Plotting location

Heatmap plot showing the location of trains (‘count’) based on raw energy data. Yellow = more data points at this location
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• Calculate average speed based on start- and end-coordinates

• Split data between shunting/stabling and driving

Plotting location
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Specific consumption

• Specific consumption is higher 
around stations due to stopping and 
accelerating

Specific consumption

Heatmap plot showing the specific consumption of trains based on raw energy data. 
Yellow = higher specific consumption at this location



Results
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Metering Data

Low metering quality at neutral zones 
(split between 3kV DC and 25 kV AC)



Metering Data

Low metering quality at neutral zones

Quality fraction 
• Green = 100% ‘measured’
• Red = 100% ‘uncertain’
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Issues with metering of 25kV
Count Specific consumption
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• No metering of energy for lines with 25kV OCL for a specific train type
• Root cause: 

• metering of 25kV was disabled due to issue with meter
• Energy data always 0 MWh/minute

• Incoherence between Settlement Belgium and Exchange
• Train runs are always estimated

Issues with metering of 25kV
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Difference in fleet masterdata

Belgian 
settlement:

Exchange:

1 consumption point with 2 channels

2 consumption points with each 1 channel



33

Quality flag can indicate nonsense data:

• Unrealistic high specific consumption

Conclusion
12 MWh/minuut (= 720 MW )

Heatmap plot showing the specific consumption for a specific train type (only low quality metering data). 
The scale shows data points with unrealistic specific consumption at this location
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Metered vs estimatedMetered vs estimated energy

• Estimated energy = Red

• Measured energy: Blue - Green (increasing degree days)
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Metered vs estimated energy

Estimation for ‘passenger’

Estimation for ‘cargo’
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Big variation in measured consumption for similar payloads 
(distance * weight)

Metering based invoicing is important to sufficiently 
incentivise energy efficiency

Metered vs estimated
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• Efficient algorithms are essential for effective data processing

• Significant potential for improvement in Belgium

• Correct usage of quality flag is important, impact on train run data is significant 

• Major variances between estimated and metered values, and also among metered 
results for similar payloads

• A large amount of data is available and can give interesting insights
• Further analysis is ongoing

Conclusion
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• Questions:
• How do you use and analyse data from Erex?
• Do you collect statistics about metering data (usage)?
• What problems do you encounter?

Conclusion



Thank you 
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