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Challenge A: A more and more
energy efficient raillway

Session A4 - Energy Efficiency
Chairperson: Henning SCHWARTZ

Further improving rails’ green credentials / Keep increasing
the relative carbon emission advantage.
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The European Energy Measurement
System on board of trains
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Institutional and regulatory
framework

Ener g y Market Bnergy market dir. 200972

( Gnd - Transmission and

In the context of the electricity Power pevephom Ertry ot
market, the Commission further " @ : N
distinguishes five different types /
of operations:

U generation, the production of N &
electricity in power stations; :

O transmission, its transport over N Privees
high tension cables;

U distribution, the transport of the
electricity over the low tension
local cables; /

O supply, the sales and delivery of Rallway Market DIR 2001/14
the electricity to the customer; (

O trading, the purchase and resale \
of electricity that is not \Lcton Nor Dracicn |
necessarily directed to final o W /
consumers. T—— il

\

/
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=
VI rrenviTaLia

GRUPPO FERROVIE DELLD STATO

i E&?Mxmm]m * 1]@ tnalﬁﬁu-ﬂmﬂm .aahm i £



Institutional and regulatory
framework

Third-party Access

The Concept of Third-party Access

The third-party access right (‘'TPA’) in the energy market context is the idea
that in certain circumstances economically independent undertakings
operating in the energy sector should have a legally enforceable right to
access and use various energy network facilities owned by other
companies.

The Internal Energy Market Directives envisage the third-party access
right as a crucial element of organization of access to the energy
infrastructure system in Europe and as the main instrument for opening the
Internal Energy Market to competition.

Y & 4
JTREN/ TALIA

GRUPPO FERROVIE DELLD 3TATO

A *‘}Afﬁihhﬂ dzﬁ * i* *ﬁﬁ & M'ﬁﬁﬂ(ﬂ -ﬂ-h*‘{* i 4



Institutional and regulatory
framework

Third-party Access

o Valetta

Country Boundary and Tariff Boundary Concept
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Institutional and regulatory
framework

Consumption Point

The train it is a moving object and it’s not a fixed building. The Energy

Measurement System is the first mobile energy meter in the history of
human being.

The Consumption Point (CP)
A C IS an identified Traction Unit

- ]* > =1 (TU) equipped by certified
Certified Installation EMS devices using a certified
------------------------------------ installation procedure.

EMS Equipment Type + Traction unit

The number of CP are defined by the consist architecture
(e.g. Multi-voltage systems, n° of traction units etc).
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The Energy Measurement
System (EMS)

CP Key Points

from the Traction Unit point of view:

« The CP is fully autonomous, no need of ground balises like RFID or
sideway references;

« Consumption data are associated to Geographical Position and
Synchronous Time Stamp;

« The Consumption Data for billing purpose are secured,;

« The Consumption Data for Energy Management and Saving purpose
could be access protected,;

* Near Real Time Snapshoot Capability of Consumption Data.
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The Energy Measurement
System (EMS)

Key Point of EMS

EMS is an on board equipment that shall first conforms to railway
regulations and standardizations and then to comply with metrological

requirements.

4 On board

Voltage Current
Measurement Measurement
Function Function

EN 50463 - 2

Energy
| Measuring
Function

L
| Energy Calculation Function

CENELEC: <
EN 50463 | Data Handling System |4—| Location Function |

| Communication Service |

Energy Measuring System
I EN 50463 - 4

; | Data Collecting Service |

BPIM (recommended UIC-protocol)

N ERA: TSI
CR loc & pas

EN 50463 - 3

uic: <

| Data Distributor (IM 1) H Data Responsible (IM 2) ‘

Leaflet 930

BPIM (mandatory
UIC-protocol)
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The Energy Measurement
System (EMS)

Structure of Energy Measurement System (EMS) standard

EN 50463-1 EN 50463-2

Scope, general architecture,
document structure, normative
references, general
requirements

The measurement chain from the
sensors/transducersv attached to the
voltage and current coming from the

headlines up to the metering unit

EN 50463-3 and relative interfaces are specified

Input/output handling and memory

management unit. The input/output EN 50463 EN 50463-4
interfaces and their use are Specification of the on-board
specified. The energy data samples are communication subsystem,
stored in the memory together with the ground station requirements
other data necessary for the billing and limited to right data transfer
saving purposes. from train to ground,
communication protocols,
EN 50463-5 application profiles
Specification of the test procedures to be used for
assessing the conformance and the interoperability of
the implementation under test BENELEG
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The Energy Measurement
System (EMS)

EMS functional blocks
i : l: L ccation Reference Time Reference
{ = Main inierfaces ofthe EMS '_l Source —| |_ Source /\

Cument Mea surement Fllnr:tinnl Data Handling System H | Collection
. Service

r

I

! Data
I

I

|

1

Voltage Measurement Function |

: Data Handling System {DHS)
Energy Calculation Funcfion l—'— | EM S0sag2-2

b i o e

Energy Measurement Sys tem {EMS)
Energy Measurement Functon [ENMF) EN 50483-1(Genera |

EM 50483-4(Ceommunication )

EN 50483-5(Conformiy Assessment)

On-board: Traction Unit

CENELEC
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The Energy Measurement
System (EMS)

From EMS to CP

Device

Ny N N

EMS Equipment Type

EMN 50463-1
EM 50463-2
EM 50463-3
EMN 50453-4

[ |
L= ]

Integration Design Review

EMS Equipment Type

T

Integration Type Test

EMS Equipment Type + Traction unit

Installation Design Review

> <

EMS Equipment Type + Traction unit
|
Installation Type Test
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EM 50463-1
EM 50463-5

Device
test suite

EMS Integration
Documentation

Device
Report

’J:

IDRA
Integration

Device
Canformity
Assessment
Documentation

DR
Adtestation -

’J:
EM 50463-1 EMS Equlpment Type Imel'-lg-:aﬁmn
EM 50453-5 Integration Type Test Type Test

EM 50463-1
EM 50463-5

Installation Design
Review Report
Type Test Procedure

EN 50463-1
EM 50463-5

Installation Pracedures
Installation
Type Test Procedures

A g»* f ek

Attestation [

SDRA
Installation

Conformity
Assesment
File

Design Review
Attestation

STTA
Installation

Type Test
Attestation
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Installation on existing vehicleb

ETR500 Frecciarossa

This method was applied as trial test to an existing consist: the multi-
voltage (25kV AC and 3kV DC) ETR500 Frecciarossa. The ETR500 is
normally composed by two E404 series locomotives and 11 coaches.
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Installation on existing vehicl@

Roof Top view

ETR500 Frecciarossa

On each Loco E404 some of the existing sensors and
transducers, as they are able to fulfill the EMS requirements,
where used “as is”.

Others where replaced with improved ones pin-to-pin compatible.
All wiring had been verified in order to fulfill the EN 50463.
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Installation on existing vehicle}

ETR500 Frecciarossa

Voltage and Current Sensors

3KV cabling assembly
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On board to Ground
Communication

Reference Architecture

Consist 1 (locomotive) Consist 2 (1 vehicle) Consist 3 (trainset) Consist 4 (2 vehicles) ‘
1

Train (4 consists)

f I I \ f (B4) radio ‘

)
ir (B3) wire >

( " \ w

Ble. iiﬁl 1IN ii-- IETTTH NTITENTITH

0O o0 —00__ 00 o0 (o] o) 0000 o0 OO OO0 00

_‘% (C-Train) \ T ericte slohents

X
f ﬁc . " ?\ (C-Consist)
OI'ISlS
(D)
. e -@

TFM Train Functional Module '\ /-

e Fixed

Consist Functional Module \‘. e
R WEAN installations
L Vehicle element

The Cross-Border services either in terms of Country
boundary or Tariff Boundary drive to an Open and
Standardized Communication Infrastructure.
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On board to Ground
Communication
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Communication Scenario

G W wce M. D

publish EMS service

Firewalll

o

Access Node E
...i.d—b

T

mny

User Interfaces

request EMS service Non Billing Data

Energy management

?? & LA

The train could be connected to the ground section with a
Mobile Communication Gateway capable to switch between a
pool of wireless connections “on the fly” according to the
bandwidth requirement of the “service”.
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On board to Ground
Communication

Communication Scenario

SIM RFI Modem GSM TIM Network “" 7~ SIMRFI Modem GSM-R RFI Network
SIM RFI Modem GSM-R roaming on Public BS !

lee 802.11b-g-n

Public GPRS
TOC-PMC Roaming
agreement

Tt treae. .
NOAASAS=T

Local Application Server

am

Application server

Public Mobile Carrier

Train Operator Company
Intranet

<

TOC APN
Internet - WWwW

Application server
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On board to Ground
Communication

RU g/ o Y
PDG t
Infrastructu COreT;warrk Railway
re Manager< U< =" Undertakin
- _gs
IM Operator %\

. . Core Network /@ K
Functional addressing ey \@ggmm‘m"
Is one of the key point f"\
managed by the IEC ol vl
TC9 WG46 - Onboard Cpublic Telco),  |& Public Telcd

‘@'«:GGSN WiFi/WiMAX | £ GPRS/UMTS
SGSN _

multimedia systems W e e B

. M Operator!x ; :
for railways. Pivate GSMR - Ry e
£ : RU RU =

= Opérational T¥ain

Shared Mobile Communication Gateway (MCG): the MCG acts as
a proxy, representing the train functional structure to the ground
network.

Dedicated MCG: the MCG acts as an IP sub domain device
allowing each function/services to be reachable through its
functional address.
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Energy Saving Strategies>

Energy Consumption

Different levels of energy consumption

Source:
Deutsche Bahn 2007, Energy-
kWh efficent driving programme [9]
1 ' washing machine
2 I hot shower

10 - sauna (90 min.)

Annual consumption
f private households

3500 Y A ol
‘ or observed variability
between train journeys
(ICE Hamburg-Munich)
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Energy Saving Strategies

Energy Consumption Source:
Deutsche Bahn 2007, Energy-

efficent driving programme [9]

Timetable recovery margins are the basis of energy-efficient driving patterns

3

km/h]| Let it roll:

Once a train has reached maximum speed, it can
coast for long sections without significantly losing
speed.

L

km

k h.lh
m/ Avoid top speed:

/—\ Due to timetable recovery margins, trains often arrive

\ on time without running at maximum speed.
» km

L

km/ht Switch off traction current
m/ Pl R N Use valleys and hills:

Switching off traction current before reaching the
summit and coasting down hills reduces energy
consumption.

> km
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Source:

Energy Saving Strategies>

Energy Efficiency of a Railway Power Network with Simulation -
. J. Hull, Dr C. Roberts and Dr S. Hillmansen - Centre for

Energy Consumption Railway Research and Education - University of Birmingham

200 T T T T T T T

2 : : ——=V.km/h Py kW — — =¥y kmh || > Train trajectory for
% 150 ............. ............. NU— T fastest journey
& : ' ' | 6 min 2 sec
% 100 -M-_—.\ ................... 3 B e ...... -
= g T RPN e ——'\\— ’ 42.48 kWh
E 50 ........................ \i.
S : : : Y
& i p— : i

[ SR F PP IR } ............ 4 ................ | ............. B A L

3 4 B 7
Distance, km
! ! | ‘-'V.klmfh IPetr'kw === v|imit-;‘m"h . .

= g g ; 5 5 5 5 ->Train trajectory for
B | | z ? | (1 energy efficient
;‘ 100 ol Fcssnnibgsnn =} SOIUtion
= 5 ; 5 A | 2 ST 6 min 30 sec
= : : : z A { FA
\g a0k - ........... .............. ............. 3 | B etk \I_ 3613 kWh
5 : : ; : z -y

. ,_ |

4
Distance, km
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Conclusion >

Energy Consumption information could be used either in near real time condition to
improve the driving patterns (efficient drive) according to the traffic condition or in
attribution of energy consumption (energy cost forecast) and analysis on timetabling
efficiencies.

Train driving technique can have a significant effect on the energy consumed for trains
operating over the same route with the same stopping patterns. As example, the
Timetable could be build for train trajectory optimization either for better reuse of
regenerative energy or for adjustments in the timetable tailored for energy saving. Such
approach can be considered at both the timetable design stage and dynamically
according traffic and rolling stock condition. Area of improvement are also climate control
and parking mode.

In all cases, the performance of the Energy Management System are affected by the
Human Factor [9]. It is necessary inside the organization to increase awareness of the
importance of energy saving, to convince all stakeholders to take part in the process, to
motivate train drivers using incentive (e.g. energy saving competition) , institutionalizing a
learning process with individual and focusing on a sustained process (e.g. energy
consumption display).
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Questions ? >
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Thanks for your kind attention

Andrea Gatti
an.qgatti@trenitalia.it
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