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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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170 INTERNATIONAL ELECTROTECHNICAL COMMISSION

171

172

173 RAILWAY APPLICATIONS -

174 ROLLING STOCK -

175 SPECIFICATION AND VERIFICATION OF ENERGY CONSUMPTION

176

177 FOREWORD

178 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
179 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
180 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
181 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
182 Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
183 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
184 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
185 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
186 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
187 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
188 consensus of opinion on the relevant subjects since each technical committee has representation from all
189 interested IEC National Committees.

190 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
191 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
192 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
193 misinterpretation by any end user.

194 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
195 transparently to the maximum extent possible in their national and regional publications. Any divergence between
196 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
197 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
198 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
199 services carried out by independent certification bodies.

200 6) All users should ensure that they have the latest edition of this publication.

201 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
202 members of its technical committees and IEC National Committees for any personal injury, property damage or
203 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
204 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
205 Publications.

206 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
207 indispensable for the correct application of this publication.

208 9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
209 patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
210 respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
211 may be required to implement this document. However, implementers are cautioned that this may not represent
212 the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
213 shall not be held responsible for identifying any or all such patent rights.

214 IEC 6XXXX has been prepared by subcommittee PT 591: Railway Applications - Rolling Stock -
215 Specification and verification of energy consumption, of IEC technical committee 9: Electrical
216 equipment and systems for railways. It is an International Standard.

217

218  The text of this International Standard is based on the following documents:

Draft Report on voting

XXIXX/FDIS XXIXX/IRVD

219
220 Full information on the voting for its approval can be found in the report on voting indicated in
221 the above table.

222 The language used for the development of this International Standard is English. Documents
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223 This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
224 accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
225  at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
226 described in greater detail at www.iec.ch/publications.

227 The committee has decided that the contents of this document will remain unchanged until the
228 stability date indicated on the IEC website under webstore.iec.ch in the data related to the
229 specific document. At this date, the document will be

230 e reconfirmed,

231 e withdrawn,

232 e replaced by a revised edition, or
233 e amended.

234

235

236
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237 RAILWAY APPLICATIONS -

238 ROLLING STOCK -

239 SPECIFICATION AND VERIFICATION OF ENERGY CONSUMPTION
240

241

242 1 Scope

243  This document supports rolling stock procurement and life cycle cost (LCC) assessments. It is applicable
244 to rolling stock energy consumption specification and verification and establishes a methodology for the
245  calculation of energy consumption which can be used to determine the total net energy consumed from
246 a primary power source (e.g. at current collector or from the fuel tank), over a predefined service profile.

247 The results obtained from this methodology can be directly compared to, or be representative of, the
248  operation of a train. This document considers the energy consumed and regenerated by rolling stock
249  and the determination methods covered are simulation and measurement.

250 A framework is given on the generation of common, comparable energy performance values for rolling
251 stock which supports the benchmarking and improvement of the energy efficiency of rolling stock.

252 This document does not cover the comparison of energy consumption with other modes of
253 transportation, or comparison between diesel and electric traction; only the energy consumption of
254 rolling stock itself is covered.

255  This standard, as a whole or in part, applies to all railway vehicles except coal-powered vehicles, special
256  purpose vehicles (e.g. shunting locomotives, vehicles for track construction and maintenance) and
257 magnetically supported vehicles.

258 2 Normative references

259 The following documents are referred to in the text in such a way that some or all of their content
260  constitutes requirements of this document. For dated references, only the edition cited applies.
261 For undated references, the latest edition of the referenced document (including any
262 amendments) applies.

263 ISO 19659-3:2022, Railway applications — Heating, ventilation and air conditioning systems for rolling
264 stock — Part 3: Energy efficiency

265 ISO/DIS 10516:2024, Railway applications — Vehicle reference masses
266 EC 60850, Railway applications - Supply voltages of traction

267 IEC 62888-2:2018, Railway applications - Energy measurement on board trains - Part 2: Energy

268 3 Terms, definitions and abbreviations

269 3.1 Terms and definitions
270 For the purposes of this document, the following terms and definitions apply.

271 ISO and IEC maintain terminology databases for use in standardisation at the following
272 addresses:

273 e |EC Electropedia: available at https://www.electropedia.org/
274 e |ISO Online browsing platform: available at https://www.iso.org/obp

275 e NOTE When possible, the following definitions have been taken from the relevant
276 chapters of the International Electrotechnical Vocabulary (IEV), IEC 60050. In such cases,
277 the appropriate IEV reference is given. Certain new definitions or modificatigns of IEV
278 definitions have been added in this standard in order to facilitate understhnﬂing.g@ﬁﬂments
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279 of the performance of electrical and electronic measuring equipment has been taken from
280 IEC 60359:2001.
281 3.11

282 auxiliary power supply line
283 electric cable running throughout a train and supplying the heating or other services on each
284 coach

285 [SOURCE: IEC 60050-811:2017/AMD1:2021, 811-23-11]

286  3.1.2

287  comfort systems

288 all equipment consuming energy for passenger and crew comfort belonging neither to the
289 traction equipment nor to traction auxiliaries, mainly for the provision of a comfortable
290 environment (for example lighting, heating, air conditioning, toilets, information and
291 entertainment systems, laptop supplies)

292 Note 1 to entry: Comfort systems are split in two groups for use in this standard: Heating, Ventilation and Air
293 Conditioning (HVAC) and Other comfort functions.

294  3.1.3
295 consist
296 single vehicle or a group of vehicles which are not separated during normal operation

297 [SOURCE: IEC 60050-811:2017/AMD1:2021, 811-37-20, modified — the Note 1 to entry has
298 been omitted.]

299 3.1.4
300 contact line
301 conductor system for supplying electric energy to vehicles through current-collecting equipment

302 [SOURCE: IEC 60050-811:2017/AMD1:2021, 811-33-01, modified — the Note 1 to entry has
303 been omitted.]

304 3.1.5
305 electric traction system
306 railway electric distribution network (infrastructure) used to provide energy for rolling stock

307 [SOURCE: IEC 60050-811:2017/AMD1:2021, 811-36-21, modified — “(infrastructure)” has been
308 added and the Note 1 to entry has been omitted.]

309 3.1.6
310 energy storage system
311 ESS

312 physical system which comprises energy storage technologies such as batteries, double-layer
313  capacitors, flywheel, etc. and other equipment to connect the storage technologies to traction
314 equipment, including control, cooling and monitoring systems

315 3.1.7
316 fuel
317 fuel refers to fossil fuels and alternative fuels

318 3.1.8
319 heating, ventilation and air conditioning
320 HVAC

321 system to provide heating, ventilation and air conditioning for comfort
322 Note 1 to entry: Without HVAC means, the HVAC system is switched off.
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3.1.9

infrastructure

fixed installations of the railway system (for example tracks, power supply, signalling,
communication)

3.1.10

net energy

difference between the energy taken (consumed) from the contact line, fuel tank by the traction
unit, and the energy fed back (regenerated) into the contact line by the traction unit

3.1.11

primary power source

subsystem with the primary purpose of which is to supply energy to other subsystems by either
consuming the fuel stored on-board or taking in energy from external source

3.1.12

regenerative braking <of a vehicle>

braking in which the energy produced by the motors is fed into the line or used by on-board
devices

[SOURCE: IEC 60050-811:2017/AMD1:2021, 811-06-25, modified — “electro-dynamic” and
“contact” have been removed, “into energy storage” has been replaced with “or used by”, and
the Note 1 to entry has been omitted.]

3.1.13
rolling stock
all vehicles with or without motors

Note 1 to entry: Examples of vehicles include a locomotive, a coach and a wagon.

[SOURCE: IEC 60050-811:2017/AMD1:2021, 811-02-01]

3.1.14

service profile

outline of the expected range and variation in the mission with respect to parameters such as
time, loading, speed, distance, stops, tunnels, etc., in the commercial exploitation of the train.

3.1.15
single train run
run of one train over a part of the infrastructure, without inclusion of effects of other trains

3.1.16
standard service profile
service profile which is characterised by definitions of standard values, see Annex B

3.1.17

state of energy

SoE

remaining energy to be discharged, normally expressed as a percentage of full energy.

Reference is begin of life of the ESS and usable energy, i.e. energy available to be discharged
depending upon applications.

[SOURCE: IEC 62864-1:2016, 3.1.14, modified — the end of the definition “as expressed in
relevant standards” has been removed and the Note 1 to entry has been omitted.]
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365 3.1.18

366  traction auxiliaries

367 equipment needed to operate the traction equipment and the train in normal operation mode,
368 but not producing tractive or dynamic braking efforts themselves (for example cooling fans, oil
369 and water pumps, compressor, air supply for brakes, HVAC for the leading driver’s cabin, train
370  control and management system and signalling equipment)

371 Note 1 to entry: The definition of traction auxiliaries in this standard may differ from other standards.

372 3.1.19
373 traction chain
374 the complete set of traction equipment on-board of the train

375 3.1.20

376 traction equipment

377 equipment on-board of the train directly needed to produce tractive or dynamic braking effort
378 (for example transformers, converters, motors, gearboxes, internal combustion engines, fuel
379 cells, energy storage systems)

380 3.1.21
381 traction unit
382 locomotive, motor coach or train-unit

383 [SOURCE: IEC 60050-811:2017/AMD1:2021, 811-02-04]

384  3.1.22
385 train
386 combination of rolling stock coupled together

387 [SOURCE: IEC 60050-811:2017/AMD1:2021, 811-01-08, modified — the Note 1 to entry has
388 been omitted.]

389  3.1.23

390 user-defined service profile

391 service profile which is agreed by the involved parties for the comparison of the energy
392 consumption of trains

393 Note 1 to entry: It is also intended for the comparison of simulations and real tests of the energy consumption of
394 trains on an existing infrastructure.

395 3.2 Abbreviations
396
397 For the purposes of this document, the following abbreviations apply.

AC Alternating Current

DC Direct Current

ESS Energy Storage System

HVAC Heating, Ventilation and Air Conditioning System
LCC Life Cycle Cost

SoE State of Energy

398
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399 4 General

400 4.1 Train modes

401 Train operations always takes place under the constraints of infrastructure and operational
402 requirements. Normal operation is considered only. During normal operation, all systems function as
403 intended. Degraded modes, which refer to situations where a system is not fully available, are not
404 considered as part of normal operation.

405 The following train modes are used in this standard:

406 — In-service with commercial operation mode:

407 The operation of a train, including several passenger load cases or a locomotive hauling a consist
408 of freight wagons. The train can be moving or stationary and the HVAC system is running in its
409 normal operation mode.

410 — In-service without commercial operation mode:

411 A stationary train where the HVAC system is in operation as for commercial operation but no
412 passengers are in the train. This situation can occur, for example, when the train is waiting between
413 two commercial train runs or when a freight train is waiting for proceeding with driver on-bord.

414  — Parking mode:

415 A stationary train in a depot, without staff or passengers on board. In this mode, systems that are
416 not required can be switched off.

417 The HVAC system typically operates with different set points for temperature and airflow, or
418 alternatively, is shut down to save energy. The purpose of parking mode usually includes frost
419 protection and maintaining the interior temperature to a reasonable level.

420 Figure 1 is an example illustration of different phases in parking mode during winter.

421 NOTE: Not all phases must be implemented in the train design. Parking mode in the summer can follow the same
422 phases with cooling instead of heating.

423
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425 Key
1 Time [h]
2 Interior temperature [°C]
3 Start of parking mode
4 Start of heating to maintain temperature
5 Start of pre-heating
6 End of pre-heating, start of in-service without commercial operation mode for HYAC
7 Train ready for: in-service without commercial operation (can be at the same point of time than
6)
8 Interior temperature setting during parking mode
9 Interior temperature setting during in-service without commercial operation mode
10 Phase 1 : In-service without commercial operation mode
11 Phase 2 : Parking mode without heating
12 Phase 3 : Parking mode with heating (maintain interior temperature)
13 Phase 4 : Parking mode with pre conditioning (pre-heating)
14 Phase 5 : Parking mode to prepare for in-service without commercial operation mode (e.g.
brake tests, etc.)
15 Phase 6 : In-service without commercial operation mode
426 Figure 1 — Winter parking and pre-heating mode

427 Parking mode in winter is composed of different phases (from key 11 to key 14 of Figure 1).

428 During phase 1, the system operates with a nominal interior temperature setting for in-service without
429  commercial operation. After this phase 1 (key 3), the parking mode is starting.

430 During phase 2, the train heating does not operate because the mean interior temperature is higher than
431 the temperature setting.

432 During phase 3, the train maintains a mean interior temperature to avoid a temperature that is too cool.
433 Generally, this temperature is set to around 3 or 5 degrees Celsius.
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434 During phase 4, the train operates in heating (pre-heating).

435 At the end of phase 4 (key 6), the train reaches the interior temperature setting for in-service without
436 commercial operation.

437 Phase 5 is the remaining time to finish parking mode. For example, if the duration of the parking mode
438 is 8 hours and if the pre-heating mode finishes after 7 hours 30 minutes, the duration of phase 5 is
439 30 minutes. Similarly, if pre-conditioning is ongoing for other systems the train maintains the mean
440 interior temperature according to the temperature setting in-service without commercial operation mode
441 during this time.

442 The pre-conditioning of other systems need to be considered during parking as well.

443 Other train modes, for example empty carriage stock movements, are not considered in this standard.
444 If the empty carriage stock has a significant impact to the annual energy consumption, it can be treated
445 as part of in-service with commercial operation mode without load.

446 In this standard, cleaning is not considered separately. The corresponding hours should be counted in
447 the in-service without commercial operation mode.

448 Note 1: Activation and deactivation of parking mode can be done in different ways, such as automatically after a
449 given condition, e.g. when the train is in the previous state “In-service without commercial operation mode” after a
450 time duration, or manually, by an action from the train crew (driver, maintenance worker, etc.) on a device located
451 on-board (e.g. a switch in driving cab, HMI, etc.) and on-ground remotely.
452 Note 2: Where a train is switched off for maintenance periods, this can be considered either in a reduced annual sum of mileage
453 and operating hours or by additional reserve trains outside the energy calculation.

454 4.2 Energy categories

455
456  To simplify the verification process and ensure reproducible results, the energy consumption of
457 the entire train is subdivided into the following three distinct energy categories:

458 1) Traction and Auxiliaries (in-service with commercial operation mode, without HVAC);

459  2) Traction and Auxiliaries (in-service without commercial operation mode and parking
460 mode, without HVAC);

461 3) HVAC.

462 Unless otherwise specified by the purchaser, the following applies for Energy categories “1)
463  and 2) Traction and Auxiliaries”:

464 e Losses in the traction chain and auxiliary converters shall be included; and

465 e All traction auxiliaries as e.g. cooling fans, cooling pumps, air compressor, signalling
466 systems shall be included.

467 e Subsystems, where the usage depends on staff or passengers, shall be switched off, if
468 not defined otherwise by the purchaser (e.g. kitchen, toilet flush, reading lights).

469 e All additional subsystems excluding HVAC for passenger compartment shall be
470 considered according to normal operation in the respective train mode (including, for
471 example, lighting, passenger information systems).

472 4.3  Service profiles

473

474 This document combines infrastructure and operational conditions into “service profiles” for the
475 train. The user-defined service profile for traction and auxiliaries is assessed via train runs
476 along a line for in-service with commercial operation and stationary for in-service without
477  commercial operation. HVAC is assessed via a set of operational points for different operational
478 modes.

479  The methodology for the specification and verification of energy consumption is based on the
480 evaluation of service profiles. The selected approach has two steps: Documents
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481 a) simulation of the energy consumption of the train for the three energy categories
482 mentioned in 4.2; and

483 b) verification of the simulation by undertaking measurements.

484 User-defined service profiles for traction and auxiliaries are based on data from a real railway
485 line, normally one or several lines of the railway network where the train will be operated.
486 Definitions of relevant parameters for these user-defined service profiles are set out in Annex A
487  and the values shall be given by the purchaser.

488 In the case that the energy consumption of trains is compared without the context of real
489 operation, such as for research, the standard service profiles from Annex B could be used. The
490 standard service profiles cannot replace user-defined service profiles for representative energy
491 consumption calculation and verification, as pointed out in Table B.1.

492 For the assessment of HVAC energy consumption, standard weighting factors and operational
493 points for Europe are set out in Annex C.

494 4.4 \Verification acceptance criteria

495
496  The acceptable tolerances shall be agreed by the involved parties before the verification.
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497 5 Traction and Auxiliaries (in-service with commercial operation, without
498 HVAC)

499 5.1 General

500 This clause is focused on traction energy in-service with commercial operation mode on a single
501 train run for a train travelling from origin to destination, including standstill times on the way
502  using the representative driving cycles. It includes energy related to traction and auxiliaries as
503 defined in 4.2.

504 For traction and auxiliary energy in service, the defined timetable for the operation over a
505  specified line plays an important role. This document is therefore not a direct specification of
506  detailed driving styles but instead provides a framework which allows freedom for the user to
507 propose solutions for integrating a mix of energy efficient technologies and driving styles.

508 5.2 Operational requirements
509
510 5.2.1 General

511 The information in this subclause is applicable to both simulation and verification of energy
512 consumption. The definitions of relevant parameters are given in Annex A. Each parameter is
513 identified by a letter followed by two digits.

514 5.2.2 Train data
515

516 5.2.21 Train and traction equipment

517  The analysis of energy consumption shall include the train and its mechanical losses, the
518 traction chain (e.g. electric, diesel-electric or diesel-mechanic) and all auxiliaries as defined in
519 4.2

520 5.2.2.2 Load conditions
521 ISO/DIS 10516:2024(E) shall be read in conjunction with this subclause.

522 The gross mass, and therefore the load, of a train has an influence on its energy consumption. The
523 mass of the train shall be specified as set out in this clause based on the following train categories:

524 a) Passenger trains:

525 The train mass (ID S05) is based upon the design mass in working order plus the mass of
526 passengers:

527 Europe: 50 % of seated passengers set out in ISO/DIS 10516:2024(E) with 70 kg per passenger.
528 The load case of passengers for other regions is not pre-defined. The purchaser and

529 manufacturer may use any number with their agreement.

530 The passenger load shall be evenly distributed over the train.

531 b) Locomotive without trailing consist in the scope of the manufacturer

532 The train mass consists of the locomotive mass which is based upon the design mass in working

533 order plus a trailing consist, which shall be homogeneous, i.e. the trailing consist should not be a

534 mix of different axle arrangements or aerodynamic designs. The following values shall be specified

535 for the trailing consist as a load:

536 1) total mass of the trailing consist [t] (ID S06);

537 2) rotating masses in terms of equivalent mass [t] (ID S07); D

538 3) length of the trailing consist [m] (ID S08); ocuments
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539 4) running resistance [kN] of the trailing consist versus speed [km/h] over the whole speed
540 range (ID S09).

541 The parameters used to characterise load conditions are set out in Table A.4.
542 5.2.3 Infrastructure conditions

543  5.2.3.1 Longitudinal profile
544  The longitudinal profile shall be defined by the following parameters:

545 1) total distance of selected route or reference track from selected origin location to selected
546 destination location [km] (ID 101);

547  2) height [m], as an absolute value (above sea level) (ID 102);

548 3) gradient [%o], as difference in height divided by difference of distance in longitudinal
549 direction (ID 103).

550 ID 102 and ID 103 are correlated. It shall be checked and documented that the integral of
551 gradients along the track results in the correct difference of height between origin and
552 destination location.

553 The parameters used to characterise the longitudinal profile are set out in Table A.2.

554  5.2.3.2 Maximum speed profile
555 The maximum speed profile [km/h] shall be defined by the following parameters:

556 Maximum speed profile at every location along the selected route or reference track (ID 104). The speed
557 profile shall include the following criteria:

558 1) maximum speed for which the line, relevant to the profile, is planned;
559  2) permanent speed reductions due to curves, defined by the required capabilities of the specified

560 train, for example, tilting trains may have a higher permitted speed in some sections along the route
561 than other trains;

562 3) non-permanent speed reductions due to signalling, defined by conditions during verification runs or
563 service operation of the train, for example, speed restrictions imposed by the changeover between
564 two tracks shall already be included in the speed profile;

565 4) rules for safe operation, for example, if the operation rules require the target speed to be reached
566 100 m before a permanent speed restriction, this shall be included in the profile.

567 The parameters used to characterise speed profile are set out in Table A.2.

568  5.2.3.3 Curves
569  The curves shall be defined by the following parameters:

570 Location and radius of each curve along the selected route or reference track [m] (ID 105). Transitions
571 can be simplified as step-functions.

572  The parameters used to characterise curves are set out in Table A.2.

573  5.2.3.4 Tunnels
574  The tunnels shall be defined by the following parameters:

575 1) location and length [m] of each tunnel along the selected route or reference track (ID 106);

576 2) location and cross-sectional area [m?] of each tunnel along the selected route or reference track
577 (ID 107).
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