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Executive Summary

Hydrogen fuel has been identified by GB railways as a candidate technology to decarbonise
the railway. Efforts in the UK are being mirrored globally, and there are cumiativesto
progressthe homologation of fuel cell, hydrogen, and line side egugmt into the rail
sector. These efforts are proceeding in parallel with engineering mrahufacturing
developments; despite not havingjobal standards and regulatioyst. There is a need to
develop a framework and understanding to harmonise standaodsnable the rapid, safe,

and costeffectivedemonstration of hydrogetrains and their refuelling infrastructure

This projectwas commissioned to map relevant hydrogen standards and regulasiods
identify the key barriers for thesafe demonstration D hydrogen trains in the UKIRL
worked with the University or Birmingham and Durham University to address the following
research question:

1. What are the current barriers/challenges faced by the UK market relating to the safe
trialling of hydrogen fueleall trains?

Two approachesvere used to address ih research questionHrstly, the university of
Birminghamcarried outa literature review and review of evidence loydrogen standards
and regulations in rail.

Secondly TRL led on a stakeholder engagement workshovalidate some of thenitial
results ofthe University ofBirminghanf2 éesearchand investiganhg potential barriers for
demonstration Policy makersand relevantregulabry bodiescould use the findings of this
report to address safety issues and potential regulatory neetlsat will enable the
demonstration othydrogentrains in the UK

Key findings from the workshop

The responsesvere analysed using thematic content analysis to produce insights that
explain whatthe gaps in standardsnd barriers to deployment of hydrogen as a fuel source
for trains.

The main themsidentified in the workshop related to

W The current gaps in the safestandards,

W The keysafay showstoppers for the demonstration of hydrogen trains,

W The overlaps with other sectors deploying hydrogen fuelled vehicles,

W What the future of hydrogen in ragouldlook like, and

W t S2LJ SQa | {0 helldeRidh f theByArogedRiiey c@ll tanksithin the
rolling stock

Conclusions

While there are still many unknowns surrounditige safedeployment of hydrogen trains
the UK due to the lack of global standards and regulatidhere is an enthusiasm and
dedre from relevant stakeholders to pursuhbis pathway Several recommendationsvere
madeto help expedite the rollout ofiydrogen trainsincluding

1. Ensure saindards and regulations use clear and simple language
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. For imely consultations withappropriate bodies responsibdl for developing
legislationto take place

. The development of wrking groups or hydrogen safety rail task forces to better
understand what is needed to develop the necessary standards

. To review the approaches afternative sectors in the UK have takiEnexpedite the
processes needed to integrate hydrogen in the UK rail netpiarfparticular to work

with the Railway and Safety Standards Board in harmonising the efforts across the
sector.

. To review and explorehte processes Germany have taken to become the leading
country of the deployment of hydrogen trains
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1 Background

There is considerable momentum within the rail industry to rapidly deploy hydrogen fuelled
trains to achieve dechonisation.

Hydrogen fuel has been identified by GB railways as a candidate technology to decarbonise
the railway. Efforts in the UK are being mirrored globally, and there are current efforts to
understand the homologation of fuel cell, hydrogen, ane Igide equipment into the rail
sector. These efforts are proceeding in parallel with the engineering which is advancing at
pace and delivering numerous mainline applications in the coming months and years. There
is a need to develop a framework and undargling to harmonise the standards in the
hydrogen sector with those in the rail sector to enable the rapid, safe, andeffesttive
deployment in service applications.

Hydrogen can be produced from many different renewable and-reorewable feedstocks

and technological pathways, with widely varying greenhouse gas emissions. For hydrogen to
have a rolen future lowcarbon energy systems, it is necessary to demonstrate that it has
sufficiently lowcarbon emissions but also, that its deployment in regu#r operations is

safe.

Therefore, his project was commissionedo map relevant hydrogen standards and
regulations that apply to the safe operation of hydrogen fuel cell trains amdvell as
discussingwith relevant stakeholders how practical and implentable those safety
measures areTRL worked with the University or Birmingham and Durham University to
address the following research questions:

1. What are the current barriers/challenges faced by the UK market relating to the safe
trialling of hydrogerfuel cell trains?

2. What new standardsind regulationsare requiredor need updatingo facilitate the
deployment of hydrogen rail demonstratiohs

1.1 Structure of the report

The reportis structured as follows:

Sectionsl.2 and1.3 set the context for the research,
Section2 details the method

Section3 summariseshe workshop findings

Sectiond presentsthe discussionand

= =2 =4 A -

Section 5 presents conclusions andrecommendhtions that emerged from the
workshop discussian
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1.2 Hydrogen inRall

The UK government is planning to ban diesdly trains by the year 204@Powley, 2018.

Similar intentions are echoed by several EU stdBrgginshaw, 207 The case to phase

out diesel trains is multipronged, including reasons such as meetingeamnettargets, fuel
supply securityfThe Role of Hydrogen and Fuel Cells in Delivering Energy Security for the UK,
2017). and concerns about air quality in therelct vicinity of diesel trainfResearch into air
guality in enclosed railway stations, 2@;1Brahmin Soua, 2021

From a technical perspective, running electric trains using overhead line electrification (OLE)
is the preferred method to replace didsiains. Electric trains are not only cheaper to run
than diesel trains, but they are also quieter, locally cleaner (emissions) and quicker.
Nonetheless, the OLE capital investment might be too high for routes with low traffic or
prohibitively expensivedr routes that require substantial infrastructure adaptation, e.g.,
increasing tunnel clearance. The aforementioned factors combined with a lack of sustained
political will to electrify has led only 40% of the UK rail network to be electr{fieaction
Decarbonisation Network Strategy: Interim Programme Business Case).2020

Hydrogen trains are a promising alternative to electrification when the case for
electrification cannot be justified. They can be a-oarbon option when the hydrogen fuel
sourced w & ONBIGSR dzaAy3d NBySslofS SySNHed ¢ KS:¢
benefits, namely quietness and lack of local emissions. Unlike baitdyytrains, hydrogen

trains are capable of a longer travel range which makes it more likely to replesel @n

longer branch lines.

The most common variant of hydrogen traction is the fuel cell hybrid, showigurel. The

fuel cell converts hydrogefuel into electric power that drives the traction and auxiliary
loads onboard. Water in both vapor and liquid forms are released as -@rbgluct. A
traction battery is present to support the fuel cell during peak acceleration periods. The
battery doublesas an energy storage device for recovering kinetic energy during periods of
regenerative braking. Recovering this kinetic energy is vital for the business case, as it can
lead up to 30% fuel savings.

1 Powley, T. (2018Pieselonly trains in UK to be phased out by 20&thancial TimeRetrieved from

2 Briginshaw, D. (2019). Europe leads the charge to replace diesel trdot@mational Railway Journal.
Retrieved from

3The Role of Hydrogen and Fuel Cells in Delivering Energy Security for the UKHZFEISYPERGEN
4Research into air quality in enclosed railway stations. (20S%5B

5Brahim, S. (2021). Emissifiee trainsolutions to deliver railway decarbonisation. Retrieved from Alstom:

6 TractionDecarbonisation Network Strategy: Interim Programme Business Case. (2820prk Rail
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Battery |a—» —» Motor
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Fuel Cell | —»| Auxiliary

Figurel: Fuel cell hybridArrows depict flow of electric power.

Many rolling stock manufacturers have expressed interest in supplying hydrogen trains
including names like Alstom, Siemens, CAF, Talgo and Stadler. Their progress in this regard is
varied ranging from experimental attgts to already signing deals with transport
companies. Delivery dates range between 2@224. Most publicised attempts focus on
regional passenger trains running under 140 km/h. The strategy adopted is to convert the
traction system of an existing trapiatform into hydrogen. This keeps costs down because
much of the existing train platform remains unchanged.

Alstom was the first to run extensive public passenger testing in Europe (more than a year)
using the Coradia iLint in Lower Saxony Germany. aBkigel to contracts being signed with
transport companies in Lower Saxony and Frankfurt Germany as well as with the Italian
region Lombardy

Stadler is to supply some hydrogen trains to the San Bernardino County Transportation
Authority (GreenTech forthe US: Stadler Signs First Ever Contract for HydrBgevered
Train, 2019. Siemens will deliver hydrogen trains to various German regions in Bayern
(Semens Mobility develops hydrogen train for climateutral rail transport in Bavaria,
2022%), Baden(Deutsche Bahn and Siemens Mobility present new hydrogen train and
hydrogen storage tank trailer, 2092and Berlin(First hydrogerpowered trains for the
BerlinBrandenburg metropolitan region, 202p

" GreenTech for the US: Stadler Signs First Ever Contract for HydRumeered Train. (2019). Regvied from
Stadler:

8 Siemens Mobility develops hydrogen train for climatutral rail transport in Bavaria. (2021). Retrieved from
Siemens|

9 Deusche Bahn and Siemens Mobility present new hydrogen train and hydrogen storage tank trailer. (2022).
(Siemens) Retrieved froirt

0 First hydrogermowered trains for the BerliBrandenburg metropolitan region. (2022, Ju2id. (Siemens)
Retrieved from
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CAF is currently edeveloping its hydrogen traction offering within the FCH2Rail consortia
(Europe Selects the consortium led by CAF for the development of a hydrogen train
prototype, 2020Y). Talgo is yet developing its solution using a prototype calig@(¢ I { 32 Qa
hydrogen train will be ready in 2023, 2020

The train leasing company Porterbrook successtudiyeried a retired Class 319 to fuel cell
hybrid and tested it on the UK mainlinehown inFigure2 (HydroFLEX offers zeemission
rail travel 20203). Also in the UK, Network Rail hidentified atleast 900 singktrack-km as
suitable to be served by hydrogen traction, this is shown Figure 3 (Traction
Decarbonisation Network Strategy: Interim Programme Business Casé$)2020

Figure2: TheHydroFLEX train.

11 Europe Selects the consortium led by CAF for the development of a hydrogen train prototype. C&R0).
Retrieved fromhttps://www.caf.net/en/salaprensa/notaprensadetalle.php?e=316

L2e| £ 32Q4 Ke@RNRISYy NI A yralgnRétrieved fOmNSE:HvR. talkoytondhnmeo @ G H A H N0
highlights

B HydroFLEX offers zesmnission rail travel.2020). Porterbrook Retrieved from
https://www.porterbrook.co.uk/innovation/hydroflexcop

¥ Traction Decarbonisation Network Strategy: Interim Programme Business Case. KBA20yk Ré.
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Figure3: Recommended traction technology to decarbonise UK rail netwakkopted
from (Traction Decarbonisation Network Strategy: Interim Programme Business Case
2020)

Hydrogen was also chosen for the tramstlé Chinese cities TangshdRuel cell tram

enters service in Tangshan, 28 7and Fosham 2 2 NI RQ& CANRARG CdzSt /St
China, n.d?). The main motive behind hydrogen trams is to avoid installing catenary in city
streets which might beleemed too disruptive or visually unappealing.

Hydrogen traction is likely also to play a role in rail freight. Activity for such is surfacing in
North America where rail moves more freight than passen@@enadian Pacific expands its

15 Fuel cell tram enters service in Tangshan. {30Retrieved from

8 World'sFirst Fuel Cell Tram for Foshan China. (rBdl)ardRetrieved from
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Hydrogen Locomotivé®rogramme, 2021, Wabtec and GM to Develop Advanced Ultium
Battery and HYDROTEC Hydrogen Fuel Cell Solutions for Rail Industfy, 2021

1.3 Hazards and Safety Plan

Using hydrogen as a propulsion fuel is novel to the railwaysaamdd thusintroduce new
hazards. Railways EWide use the common safety method for risk evaluation and
assessment (CSREA) to build the safety case for any technical, operational and
organisational changg€ommon Safety Method for Risk Evaluation and Assessment,
20189). Figured shows a flowchart for carrying out a C&ENEAHydrogen introduces
technical changes due to new rolling stock and depots, for which operational chareges
surely to follow suit.

The explosion hazard caused by a hydrogen leak is among the most concerning for the
railways. A leak originating from the storage tanksbaard the train could be caused by

faulty equipment, derailment or a train crash. Staiop storage tanks at depots and

refuelling points could also pose this hazard. Risks are to be mitigated by adequate
ventilation to the outdoors and judicious tank placement. However, the risk could remain
high should a train leak hydrogen inside a tunméath longer tunnels posing a bigger hazard
due to higher chances of gas accumulation. To this end, part of the HyTunnel project
investigated emergency crew codes and practices for hydrogen fires (HyTunnel Deliverable
1.4, 2020). It was found that emerggncrews can deal with hydrogen fires in the context

of a chemical at industrial sites. However, a gap was identified for when hydrogen is used as
I @SKAOfS LINR LYz A2y FdzSt AYyAaAARS || Gdzyy Stz S
Notice (NTSN) anBafety in Railway Tunnels (SRT) (National Technical Specification Notice:
Safety in Railway Tunnels, 2021 ) makes no mention of hydrogen fuel.

17 Canadian Pacific expands its Hydrogen Locomotive Programme. (@0@43l Railway RevieRetrieved
from

B Wabtec and GM to Develop Advanced Ultium Battery and HYDROTEC Hydrogen FueliGed olRail
Industry. (2021)Wabtec CorporatiorRetrieved from

19 Common Safety Method for Risk Evaluation and Assessifait8).Office for Rail and Road

6 RPNB016


https://www.globalrailwayreview.com/news/129360/canadian-pacific-expands-hydrogen-locomotive-programme/
https://www.globalrailwayreview.com/news/129360/canadian-pacific-expands-hydrogen-locomotive-programme/
https://www.wabteccorp.com/newsroom/press-releases/wabtec-and-gm-to-develop-advanced-ultium-battery-and-hydrotec-hydrogen-fuel-cell-solutions-for-rail
https://www.wabteccorp.com/newsroom/press-releases/wabtec-and-gm-to-develop-advanced-ultium-battery-and-hydrotec-hydrogen-fuel-cell-solutions-for-rail
https://www.wabteccorp.com/newsroom/press-releases/wabtec-and-gm-to-develop-advanced-ultium-battery-and-hydrotec-hydrogen-fuel-cell-solutions-for-rail

TIRL

( Change w

Does the change
impact on safety?

~
!

Preliminary work to identify
and understand all relevant
hazards

' |
o Apply the criteria in Article
Application of the risk 4(2)(a) to (F) of the CSM RA to
management process in decide if the change is
CSMRA Is not required significant (see Annex 1),

Z

Are you confident ~~_ No (
that the associated risk , Change is
> >
can be controlled to an K significant

T acceptable level? _

l Yes

Change is not significant and
application of risk management
process in CSM RA is not
mandatory
| | |
Apply the risk

management process |
in CSM RA ’

Keep a record of how you | Use CSM RA process voluntarily or |
‘ manage risk through other measures |

arrived at your decision | .
(e.g. safety management system) |

Figure4: Flowchart for applying the CSIREA Adopted from(Common Safety Methodor
Risk Evaluation and Assessment, 2018

1.3.1 Main Standards for Depot and Refuelling

ISO 19880 defines the minimum design, installation, commissioning, operation, inspection
and maintenance requirements for the safety of fuelling stations dispensing gaseous
hydrogen to light duty road vehicles.

ISO 17268 defines the design, safety and operation characteristics of gaseous hydrogen
vehicle refuelling connectors.

ISO 26142 defas the performance requirements and test methods of hydrogen detection
apparatus for monitoring hydrogen concentrations in stationary applications.
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ISO 23273 specifies the requirements for protecting persons and environment inside and
outside gaseous hydgen vehicles.

J2601 fuelling protocols for gaseous hydrogen including pressure and flow rate limits at
various ambient temperatures.

Refuelling and Depot Considerations

General Gaseous Refuelling
1999/92/EC  BS ENISO 17268 BS ISO 19880-1 2010/35/EU Bsss'?soofsjgf EC 20140

BS ISO BS ISO BS ISO BS ISO 19880-4 19880-5 UK S1 2000/128 2016/1105
19880-2 19880-5 26142

Refuelling Infrastructure

PD ISO/TR 2010/35/EU BS ISO PD ISO/TR 15916
EC 2014/68 HyApproval
yAPP 15916 2014/68/EC 19880-1 RT/IEIGI27225 el

UK SI UK SI UK SI BS IS0 23273 UK SI 1999/2001 UK SI
1999/2001 2000/128 2016/1105 EC 2014/68 J2601 UK S1 2000/128 2016/1105

Safety Systems Pressure-relief systems Fuel Quality

PD ISO/TR 15916 BS1S019880-3 BSISO 19880-1 BS ISO 19880-2 BS ISO 19880-8 BS ISO 19880-9
BS ISO 19880-6
2014/34/EU BS 1SO 19880-1 BS ISO 26142 BS IS0 19880-3 BS ISO 19880-6 ISO 14687 J2719

Vehicle interface Delivery of Fuel to site
BS EN SO 17268 BS ISO 19880-1 EC 2019/795 COTIF Appendix CRID  PD ISO/TR 15916 UK SI 199972001 UK S12011/1885
J2601
BS ISO 19880-2 BS ISO 19880-5 5759 Openticns LS
HyResponse D63  J2601 BS EN 13648-1BS EN 13648-2

Fluid delivery lines, piping, joints, and seals

BS ISO 19880-1 BS 1SO 19880-2 BS 1SO 198806 BS ISO 19880-7 PDISO/TR 15916 RT/E/G/27225 .
Depot Considerations

Figure5 Relevant hydrogen refuelling standards rail.

1.3.2 Main Standards for Hydrogen Train ltsel

BS EN IEC 62928 specifies design, operation parameters, safety recommendations and
testing for lithiumtion batteries for railway traction. Needed because most hydrogen trains
are fuel cell hybrid.

ISO 14687 hydrogen fuel quality for vehicle applications.

IEC 633411 fuel cell power system performance and safety requirements for hydrogen
railway vehicles.

IEC 6334 addresses gaseous hydrogen storagéoard train as well as interface with
refuelling points.

IEC 62864 specifies performance charactercs and test methods for hybrid rail vehicles.
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Hydrogen Systems
General

PD
ISO/TR
15916

PD
ISO/TR
15917

UK Sl

T912009/EC ,Respo onse 1]486(:8)7

1999/82/EC - 2010/35/EU

94/9/EC

406/2010/EC J2719

UK S
1999/2001 2002/2776

UK Sl UK SI
2000/128 2016/1105

BS ISO
12619 EC 2014/68

BS ISO EC
23273 2019/795

Fluid delivery lines, piping, joints, and seals

BS ISO
2014/68/EC 23273

UK Si
1999/2001

UK Sl
2000/128

EC UK Si
2010/35/EU 79/2009/EC 2019/795 2016/1105

PD ISO/TR
15916
406/2010/EC EC 2014/68

Gaseous Storage Vessels

2010/35/EU 79/2009/EC BD
EC  |SOMTR .UKSi
2019795 "9 0 e 19992001

BS ISO
2014/68/EC 53574

UK SI UK Si
406/2010/EC EC 2014/68 2000/128 2016/1105

Cryogenic Storage Pressure-relief systems

BS EN EC
1 3648-2 4062010/EC 79/2009/EC 201 9/7 95

PD
ISO/MTR
15916

2010/35/EU

BSEN EC

136481 2014/68  B° 15023273

Safety Systems

UK Si
1999/2001

U K SI 2016/1105
2000/128

PD ISO/TR 15916 ztssev

Figure6 Relevanthydrogen rail systems standards

Hybrid and Bi-mode Traction System
Compatibility with lineside electrictrification

BS EN 50163 GL/GN1612

BS EN
61287-1

EC 1302/2023 GL/RT1210

EC 1302/2019

LOCPAS
NTSN

GL/RT1212 GM/RT2113

Traction eguipment

GB/T
25120-2010

Onboard Batteries

O

BS EN BS EN 62619BS EN 62928

61287-2
IEC 61427-1

LOCPAS

NTSN IEC 61427-2

IEC 62620

Figure7 Relevantstandards for hydrogen rail traction systems.
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2 WorkshopMethod

2.1 Rationale

A workshop was deemed to be the most appropriate methow address the research
guestions, aghese facilitate discussionspromote interactions between participantnd

allow elaboration on remarks Conducting aworkshop with experts enabled us to
understand the viewpoints and insights from a rangeadfindustry backgrounds.

2.2 Recruitment

Stakeholders were identifiedoy collating relevant contacts frompublicly available
repositories and our professionalnetworks within the hydrogen and/or rail sector. An

invitation to participate in thevorkshopwas sento 61 stakeholdersia email (Appendix A)

which included a link to an Evdmite page(Appendix Bwhere stakeholders could register

their interest. ¢ KS NBIAAGNI GA2Y F2N¥ KIFIR YIFIYyRFG2NE 7T
addressesgrganisationand jobtitle. When individual names could not be identifiedthin

an organisation invitations to attendthe workshopwere sent to the companies via the

standard contact method stated on their website. Attempts to contact E&keholders

within the rail and/or hydrogen industry were also made via LinkedIn when email addresses

were not accessibléA databasevas created using Microsoft Excel to maintain and update

a0l 1SK2ft RSNJ  OGA@GAGe G2 SyadiNB GKIG AYy@AGl
consent To boost engagement, Bacebook post was created via the TRL Trials pade
announcements posted in rikedin feeds This elicited 22 stakeholders toroactively

register for the event.

In the week prior to thevorkshop confirmed stakeholdera/ho were deemedappropriate

to take part(i.e., representatives of organisations in the hydrogen rail supply chain and its
agencies, or academicesearches) were senta second email (AppendiX) with an
information pack consisting of an information she@ppendixD) and a consent form
(AppendixE). Once the consent formwvas completed andeturned, they were sent a
Microsoft Teams invitation with instructions to join theorkshop Those who did not return

a completedconsent formwere not considereceligible to take part in the workshagnddid

not jointhe event

2.3 Deliverty

A virtual workshop was delivered using Microsoft Teams on the ®6f June 2022The
workshopwas held virtually tanaximise attendance and accessibility antchimise health
risks and environmental impacfThe researcland workshop deliveryeam consisted ofix
individuals, four from TRL and two from the University of Birminghamdwas male up of
two social researchersin expert in safetyanother inhydrogensystems and policgnd two
in hydrogenin the rail sector
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Microsoft PowerPait slides, Microsoft Teams chat and poll function, and a virtual
interactive whiteboar@® were used toadminister the event andjather responses to key
research questionsNotes' were tavken throyghqut the V\V/orkshop,' and the' segsion was
recordedwith participr yiaQ O2yaSyu |YyR Fdzu2Yl 0AOFffe ONJI
The workshop covered the following topics:
1 Safety standards of hydrogen in the rail sector
o Thematurity, clarity anchumberof hydrogen safety standards in ralil
o The gaps in the current safety standards
0 Whatneeds to be considered when safety standards are updated
Identification ofthe key safety showstoppeend how these could be mitigated
Anycrossovers with current standards surrounding hydrogen HGVs such as:
o Carriage of Dangerous Goods (ADR) regulations
0 ATEX regulations
o Type approval, certification and compliance requirements
0 Risk assessments
The future of hydrogestandards and regulatiesin the rail sector

Attitudes to the potential location of the hydrogen tanks and fuel cell.

2.4  Analysis

The workshopwas video recorded via Microsoft Teams. An automatic tool was used to
generate written transcripts. These were analysed using thematic content analysis, using
NViva?, whereby the text was examined to identify recurring ideas and themes. A
combination of deductive and inductive approaches was used, with some themes specified
in advance. The main ideas and themes were identified through thematic content analysis
G2 0SS 02 Y ScodekFom Yhe tkayfscrigtfour codes were identified

2.5 Participants

Nineteen participants took part in the workshéqom the followingsectors(seeFigure8):
i Academia
1 Railway infrastructure

1 Rail safety

20 MURALs a virtual whiteboard latform -

2 NVivo is a software program used for qualitative and mixexthods researclg

11 RPNB016
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Engineering
Hydrogen reearch
Logistics

Sustainable infrastructure

Focus Group Participants

Sustainable
infrastructure
Logistics

Railway
infrastructure

Academia

Hydrogen
research

Engineering

Rail safety

Figure8 Representation of workshop attendees per type of organisation
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3 Results

3.1 SeltReported KnowledgeResults

¢2 dzy RSNR Gl yR séleportadiikridriddgeAin JpagficularCareas, they were
asked three questiongsing the Teams Poll functipwith theresults fromthe questionnaire
displayedn the pie charts below

Figure 9 highlights that the mostcommon level of expertise in hydrogen among the
attendees was basic (53%-igurel10 indicates that the levels of expertise in safety was
rated similarly between basic, knowledgeable, and expert. This finding may be due to the
current lack of safety standards and regulationshigdrogen trainsFigurell suggests that
mostattendees have a high level of awareness about hydrogen in the rail sector (41%).

How would you rate your level of expertise
in hydrogen?

Expert
20%

Basic
53%

Knowledgable
27%

Figure9 Representation othe results from the Microsoft TeamBoll assessing self
reported levels of expertise in hydrogen
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How would you rate your level of expertise
in safety?

Expert
31% _
Basic
38%

Knowledgable
31%

Figurel0 Representation of the results from the Microsoft Teams Poll assessing self
reported levels of expertise in safety

How would you rate your level of
awareness about hydrogen in the ralil
sector?

Low
35%
High
41%

Medium
24%

Figurell Representation of the results from the Microsoft Teams Poll assessing self
reported awareness levels dfydrogen in the rail sector

3.2 Key Findings
The main themeareasdiscussed throughout the workshop referred to
1 Thecurrent gaps in the safety standards,

1 The key showstoppers for the demonstration of hydrogen trains,
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1 Theoverlapswith other sectos deployng hydrogen fuelled vehicles,
1 What the future of hydrogen in rail looks likend

These main discussia@reas are shown ifrigurel2, a visual representation of thBow of
the topics discussed artthe relationships between the theme$he visual representatn
highlights thatthe low maturity and clarity of standasdthe lack of collaboration between
stakeholder¥ | YR G(GKS LGSy dAl demanstritidnich hiy@dghdSraids
are key factors which explaihe current lack ofsafety standards for hydrogen in the rail
sector, which was a key finding during the kshop All these factorswill inevitably affect
the future of hydrogentrainsALJ2 6 SY G A f daK26a (02 LIISNE 27
trains is the commercial imperative behind the decisionshofv hydrogen trains are
manufactured, which is influenced by the rolling stock of existing trdihgs would then
impact the future of hgrogen trains.Furthermore, theestablished safety standards for

2N

iKS

hydrogen buses and the state of the research on safety standards for hydrogen HGVs are

factors which cause an overlap of standards between sectors, vatsoiimpacts the future
of hydrogen tains.

Rolling stock of

existing trains \
O S Commefctsl

Potentisl imperative
showstoppers for the™
demonstration of \
hydrogen trains \
Low maturity and /

clarity of stsndards\

Lack of safety The future of
v standards for ydrogen trains
hydrogen in the rail
O/ sector O /
Ladk of
collaboration Safety standards fof‘\__
between hydrogen buses

stakeholders

Stsndard overlaps
with other sectors

Research on safety
standards for

hvdrogen HGVs

Figurel2 Key themes from the workshop and their connections

The frequency of the words mentioned in the discussion is showigurel3 below, where

the font size reflects the number of times a word was repeated during the workshop. It is
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Figurel3 Frequency of words mentioned during the workshop

3.21 Safety Sandards

Tounderstandthe I G (i S yRi6t $faviewson the current state of the safety standards
and identification ofany gapsthe research teanused aMural board to capturekey points
using thePost It Note functionA visual of the interactive activity can be seen in Appendix F.
The pointeemerged from these discussions amitlined in the sections below.

3.211 Collaboration and coordination between stakeholders

During the workshop, ibecameapparentthat there are gaps in the safety standards of
hydrogen in railwhich multiple organisations arattempting to fill in isolation Responses
from the attendees indicatedhat collaboration and coordination betweerstakeholders
could ultimately help accelerate the deployment of hydrogen traingiii Qa Saa Sy oAl f
0 KSNB Qa doordindish DétweénFus to make sure that we come up with some
O2yaAraidaSyd IyasSNaE

It was also highlighted thaiy usinglearning from other sectorsuch aghe bus and HGV
sector, the rail industry would be able towork more efficiently towardsthe goal of
demonstrating hydrogen trainswe must ensure that we learn and collaborate with other
sectors and industrieX ¢S R2y Qi & fu@dS to opérate id & sféSThere was
acknowledgement thatlthough the operation of rail, bus and HGVs hakey operational
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differencesthere are crossovers in the safety standards applied to all sedarsthat these
crossovers should beapitalised onwhere possible Examplesof overlapsbetween the
safety standard$or HGVs and radre discussedurther in Section3.2.3.

3.2.1.2 Lack of current safety standards

Stakeholders reportethat the current state ofsafety standards for hydrogen trainare in

early development with a lack of established standards farganisations irthe rail sector

to adhere to.There was recognition thathe standards are at anappropriate level of

Of F NAGe | yR Yl OdzNRGe | {whichKréinforces ithe overridihngg RS O
responsethat the current state of standards is in alignment with tpeogressof the

deployment of hydrogn trains.However, there was alsthe recognition that theras work

to be done "there is more to develop yeX regarding refuelling there are a lot of gaps"
whichhighlights the volume of current gapnd lack of clear standards.

A specific gap with regards to the operational aspecsafe use of hydrogen in rail was

identified during discussionstK SNE Qa | 20 2F g2NJ] AYOSNYFGA2
a technical perspective, but | thinkhere are gaps in safety from an operational
LISNBRLISOGAGS | a oSttt

In terms ofwhat needs to be considered when the safety standdoishydrogen trainsare
being developegdone attendee said thati’i @@ 0 2 dza 0 LJZNE 3l LJA 6 KSNB
existX A0Qa Fo2dzi GKS AYLIOG 2y 20KSNEThRBFa
other areas being referred tanclude the emergency servicesiational road networks
originalequipment manufacturersand members othe public

:

3.2.2 Key¢ Klowstopperg

During the workshop, participants were asked to identify any showstopffaxctors or
featureg that would preventthe demonstration of hydrogen trains by writing text on virtual
Post t Notes on the Muraboard Theraw results can be seen in Appendix Bom the
discussiongit was noted that there are things that neetb be considerel to understand
how to mitigatepotential showstoppersThe keypotential showstopperfor both the lomgy

and short termwas deemed to béhe lack ofa set ofstandardsspecific to hydrogen safety
which currently hinders the ability for organisations to demonstrate hydrogen traims
having the standards could potentially be a showstopper fotasge demonstration, or it
gAff 0SS | aK2gain2lIJISNI £ 0SSN 2This quetehighights: 2 v O
the knockon effect of the lack of safety standards on the demonstration process of
hydrogen trains.

Trainingwas consideredoth a potentid showstopperand a mitigator to a number okey

points identified as barriers for the uptake of hydrogen traindn terms of the role of
emergency services, an attendee explained that the standards skotild | S & dzNBE 0 K |
the relevant authorities ae aware so that appropriate training can be carried out by those

2 NH |y A & With/régards<to the culture and education of rail staff, a participant
expressed thatt 8ot and rail staff are not necessarily used to the level of awareness

NE |j dzAHowewmer,the view from manyparticipantswasthat training isrequirementfor

any role within the rail sector, therefore it shouhdt be considered a barrigo the uptake
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of hydrogen trains based on the sole fact that the trains will be ometatising an
alternative fuel

3.2.3 Overlapswith current standards from other sectors

TRL have recently undertaken work loakiatfunctional safety, safety risk assessments, and
the development of a safety roadmap for future trials of hydrogen fuetl HGVs on the
strategic road network.

The use of hydrogen to fuel HGVs is also in its very early stages, sccibivgadereduseful

in the workshop to examine regulations and standards that may apply to both forms of
transport. While exactly the same regulations may not apply to both sectors, it is likely that
there may be parallel or similar pieces of legislation or standardhdse encountered in

the research foZero Emissions Road Freighall ZERHRTthat may pose similar barriers or
obstacles to the deployment of hydrogen fuel cell trains.

A high-level overview of some of the areas identified where there maysimeilar issues
faced across both modes were highlighted and discussed.

Attendees fromthe rail industrydrew attention to a wide range of regulations that may
potentially be applicable, and a number of these overlapped with findings fom|[ Q a
previous resarch in the HGV field. This included tgplicability of Dangerous Substances
and Explosive Atmospheres RegulatidBSEARand Control of Major Accident Hazards
(COMAH regulations and the Carriage of Dangerous Goods and Use of Transportable
Pressure guipment Regulations(CDG and Regulations concerning the International
Carriage of Dangerous Goods by RRID which are equivalent to theCarriage of
Dangerous Good#\DR regulations in road transportation.

However, while areas of commonality and darity were identified,no specificbarriers
were identified duringthe workshop Rather, attention was drawn to the fact that the
showstoppersidentified in the HGV research may have parallels within rail standards and
regulations, and these should be identified and investigated at the earliest opportunity.

3.2.3.1 Carriage of Dangerous Goo@sDR)Regulations

ADR regulations are highly prescriptiver@dation to the transport of hydrogen through
tunnels with specificcategorisatios givenfor all major road tunnelas a resultDiscussions
with the University of Birmingham indicated that routes featuring tunnels were avdioled
the HydrdLEXproject The ADR equivalent for railways may contain similar potential
barriers. For example, it maynclude restrictions around the length of the tunnel, or the
amount of hydrogen being transportedteedback in the workshogpuggestedthat tunnel
lengthand boremay be a factog one wolkkshop participant asked

but no information was provided in terms of potential barriers.

ADR regulations also consider the transportation of hydrogen, and whether it cearbed

by hydrogen fuel cell vehicles. The wording of the ADR regulations is open to interpretation
as we found in a previous sectorial workshoplts drafting preceded the deployment of
hydrogen carrying vehicleandit was not the intent of the authors explicily prevent the
transportation of hydrogeroadsby hydrogen fuelled vehicles. It may peescientof the
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developers of hydrogen fuel cell trains to understand whether they will be allowed to be
carry hydrogen as a cargo. Although hydrogeay ma be a large element of the curremndil

freight cargo makeup, if hydrogen trains are to become established, getting hydrogen to
the refuelling stationgy hydrogen trairs would seem logical, and any barriers to this may
prove problematic in gaining traction for hydrogéeight trains. While one attendee stated

Git is not clear to me why &K @ RNR2 ISy OSKAOf S OF yy 2itiis tiisr NNE
potential lack of clarity infte industry that should be addressed

3.2.3.2 ATEXNorkplace Directivé99/92/EC)and Dangerous Substances and Explosive
Atmospheres Regulations 20@SEAR)

The AEX Workplace Directivie aEuropean directive concerning the control etplosive
atmospheres In the UK, it has largely been implemented through D8EAR regulations.
ATEXaims to managéhe potential safety implications of working @xplosive, or potentially
explosive atmospheresThis would includeworkshops, garages and other enclosed or
partially enclosed locations whetgydrogen trains may be maintained or stored. ATEX and
DSEARrovide guidance on creating zones for differéypes of explosivatmospheres and
taking measures within these zone® prevent ignition of the explosivesubstance.
Implementation of these regulationsiay require segregated or dedicated facilities for
hydrogentrains, to ensure all aspects of thhegulations can be effectivelealised While

not an outright barrierconsderation at an early stage may need to be given to compliance
with these regulations ag addition to developing appropriate safety guidance, physical
changesor layout change® some aspects of the built environmeassociated withrains
may be requied and this may be a timeonsuming process.

Furthermore, these regulations would also apply to any covered or underground stations,
which may restrict the routes any demonstrationsutmboccur on

3.2.3.3 Certification and Compliance

There was someliscussion and contribution to the Mural boardoand certification and
compliance, and theequirement for any new train to comply withpplicabledirectives,
legislation and standard, buto barriers were explicitly identified during the course of the
workshopdiscussion

3.2.34 Risk Assessment

Risk assessment methods and routies completing a compliant risk assessmenere
explored through discussiomrmainly thanks to the idepth contributions fromthe rail
industry stakeholdersHoweveragain the general thee was that there wereequirements
that would need to be met, and evidence provided, but at this stagemaous barriers to
meeting required risk assessment obligations wielentified.

3.24 The future of hydrogen trains

Participants were asked broad questiaggroundingwhat the future of hydrogemn therail
sector would look likeWith regards tovhether manufacturerswould build new and unique
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hydrogen trains orconvert existing diesel trainsthe overarchingresponsewas that the
decisionsare dependenton the commercial imperativer business casat the time

LG RSLISYRa 2y GKS odzaAySaa ©FasS F2N sKSNBE @&
G¢CKSNBEQa | f20 2F RASaSt GNIAya 2amiherb SNE
Hnons &2 GKFGQa LINPolofé &2dz2NJ O2YYSNDALFE AYL
Moreover, the lifespan of the existing diesel traingas mentioned as a dependency to the

uptake of hydrogen trains

GLG RSLISYRa 2y [exi#titydiesa]SI NEPXY &l KRBF R cuKkeédtyBE (1 KS¢
2LISNI GAy3Id L R2dz00G lyeézyS 2dzad slyda G2 3Si
Regarding the lifespan of the existing diesel trains, stakeholders estimated that rolling stock

life expectancy is more than 50 yeatisereforeoperatorsmay bereluctant to invest in the
deployment of hydrogen trains until they can be certain that the vehicles are resilient and

future proof. This aligns with théindings of the Decarbonising UK Freight proj@&ttlazquez

Abad, 202%), were paricipants from the rail freight workshop stated thaiolicy
uncertainly hinders the investment in greener rolling stock.

In terms ofthe practicalities of convertingr replacing theexisting diesetrains, attendees
expressed thatt would be simplerand fasterto retrofit an existingor old rail stockather
than procuringa new hydrogen train

ORetrofitting a diesel locomotive with a hydrogen internal combustion engimeuld be
easyt

Z A -

Gl @0NARAT Ay3 (K St SOUNRO &F¥SDOKIIYyaE Ddzf R 358 dzridz
2dzald K221 0UKS o6F00SNASE 2y (KS St SOUNARO &AARS
3.2.5 Attitudes towardsthe location of the hydrogemank andfuel cell on trains

Attendees were asked to rate, on a scale of one to five, how coniflerthey would feel
about fourscenariosconcerningthe potential locations of the hydrogetanks andfuel cell
on a train.This was ajuick, interactive activity for attendees to be able to highlight thei
personal views on where they think the hydrogemk and fuel cell should heositioned on

a train.Locations included:

1 Underneath the passenger cabin,

1 On the roof of the cabin,

1 Inplace of passenger seating in the end cabin, and

1 Within the cabin, either side of the aisle.
A visual from this interaote activity can be seen in Appendix K. Findings indicate that the
Y2a0d WO2YT2NIl of SQ fakSdndiTAdRS/ET 2GS KS THNERRNREKSS/
perspectives, was on the roof of the cabin, as demonstratedSiemen&Mireo PlusH

22\/elazquez Abad, A. (2021). Understanding Drivers for Decarbonising UK FreigittoRiRgham
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(Figure14) and Alston®) Boradia iLin(Figurel50 ® ¢ KS &SO2y R Y2aid wOz2Y
glra Ay LIEFOS 2F LI aaSy3asSN) aSlraay3a Ay GKS S
HydroR.EX(Figure16). The other two options (underneath the passenger cabin and within

the cabin either side of the aisle) received mixed responses spread across the one to five
scale with no clear finding.

The purposeof this discussion was to assese I 4 1 SY RS S a Q &uyfduridindthe § K 2 dz=
location ofthe hydrogentank andfuel cellin a train. As therewere no attendeeswith

experience of the safetsisks and mitigationsf the various positions of the hydrogen tank

and fuel cellpresent during the workshapt was not discussed to be indicative of the design
standards for manufacturers to adhere to regarding the location of the hydrogen tank and

fuel cell. The following statement from one attendee highlights thisin Qot sure any of us

have done the work required to understand this and hence be able to provide an honest

I v &g SNE

Figure1l4{ ASYSyaQ aANB2 tfdza |

Figurel5! £t 3G2YQa / 2Nl RALF A[ Ayl
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