
TAKING THE NEW ZEALAND SUBURBAN RAIL NETWORK 
I N T O  T H E  H Y D R O G E N  E R A

T H E  T R A N S I T I O N  A N D  I T S  R I S K



Jacek is a qualif ied and highly experienced chartered
transport engineer. He holds a master degree in transport
( in one of the most prestigious technical universit ies in
Europe – Warsaw University of Technology) and a doctor of
philosophy degree in engineering (in Griff ith University) .

Helder is an accomplished railsystems engineering
special ist with an extensive background of over 24 years in
the field. He has a degree in Civi l Engineering with a major
in Environmental Engineering from QUT, and a Masters
Business Administration (MBA) in Technology
Management.

ABOUT US



CONTENT

0 1
About Us

0 2
History of  Rai l

0 3
NZ Railways

0 4

0 5
Hydrogen in 

NZ

0 6
Considerations

0 7
Risks

0 8
Solution

Uses of 
Hydrogen



Paris A g r e e m e n t -
w h a t do e s it m e a n ?



CO2 
E M I S S I O N S 7 0 %

Every Tonne of load carried by Rail  saves 

of carbon emissions over road

KiwiRail Integrated Report 2022
Source: 

560t CO2 per day, everyday...






Steam E lec trific ation D iesel H yd rogen

HISTORY OF RAIL

First steam locomotive 
rai lway - Wales

City& South London 
Railway - first major 

rai lway to use electric 
traction (3rd Rail)

World’s f irst diesel 
locomotive -
Switzerland

World’s f irst passenger 
train running on 

Hydrogen - Germany

180 4 189 0 19 12 20 18



HISTORY OF 
H Y D R O G E N

R e c og n is e d  a s  a  
u n iqu e  e le m e n t  

in  1766

The Hindenburg disaster in 19 37 is still 
remembered well due to the live coverage of the 

incident.  Out of 97 passengers and crew on board, 
13 passengers, 22 crewmembers and one worker 
on the ground died.  The airship was supposed to 
be filled with Helium (non flammable lifting gas), 

but the United States banned it from sale to 
Germany...

by Henry Cavendish in 
London







Several H2 Options exist...



Railway In 
N e w  Z e a la n d

3 7 0 0 k m  o f  T r a c k



Railway x 
H y dr o g e n

O ppo r t u n it y  o n  
N o r t h  I s la n d

P r o du c t io n  &  R e fu e l in g  S i t e s  
c lo s e  t o  R a i l  l in e



So where would be a good place to 
t e s t  h y dr o g e n  t r a in s  in  N Z ?



Conceptual Case Study



What the future might look like for rail transport ...

P roduc tion Transportation S torage

R olling stoc k

Operations  & 
M aintenanc e

E nergy  S upplier R ailway  Operator



Railway

Hydrogen R olling stock

P ropuls ion S ystem

B attery H2 F uel C ell

E xisting S tabling Yard

Hydrogen R efuel S ystem

P ermanent WayOHLE  S ystemS ignalling S ystem 

New Item that needs  
cons ideration

E xisting R ollingstock

P ropuls ion S ystem

E lectrical Motor

Railway System

H2 Storage

H2 Storage

Telecoms System

Tunnel/Encl
osed Areas

Tunnel Vent 
System

Stations

Fire Systems

EMC

Relationships

Interface (logical, physical etc)

Existing 
Maintenance 

Facility

Modifications to 
enable safe 

maintenance

Detection

May interface/impact this 
existing system

Earthing & 
Bonding



S torage R ollingstoc k
Operations  & 
M aintenanc e

Mitigation of Key Risks

• Inappropriate Handling of H2
• Metal Degradation of tanks 

leading to leaks
• Cyber Attack
• Physical Security

• Poor Training on new H2 equipment
• Maintenance Facilities not designed to 

maintain H2 equipment
• Incorrect refueling releases H2 into 

atmosphere

• Fuel Cell Damaged during 
transit and creates an 
electrical hazard

• H2 Storage tanks damaged 
during transit and cause a 
release of H2

• H2 Storage tanks damaged 
due to OHLE strike / arc

• Risk of fire on train in tunnel 
(battery and/or h2 tanks)

• Venting of H2 into enclosed 
area/tunnel

• Derailment causing damage 
to H2 Storage tanks

• Also similar risks to storage 

NIST Cybersecurity Framework/Iso 27000 

SA - TS 5359:2022 
Limited or 

no 
standards 

in Rail.  
Therefore 
need to 

have 
explicit risk 
estimation.



Safety Devices used in Hydrogen
This  thermal pressure relief  device (TP R D) is  
designed to c lear  up tanks  and vessels  when 

overheating. A glass  ampoule is  destroyed when 
the reaction temperature (typically  110 ° C ) is  

reached, thus releasing the hydrogen from the tank 
out through a safety  vent in a very  short  t ime. 

Usually  used on composite tanks  due to composite 
tanks  deter iorat ing from heat.

This  pressure relief  device (P R D) is  designed to 
c lear  up tanks  and vessels  when a pre-determined 

pressure is  achieved. A spr ing mechanical lever  
opens and when pressure returns  to the safe level,  

it  c loses .  They  are designed to operate mult iple 
t imes.  Usually  used on S teel Tanks  as  they  are 

more robust  in f ire s ituation.

E mergency  S top - S tops the f low of  H ydrogen

H ydrogen S ensor  - if  detection hits  a certain level,  
t r iggers  alarms or  shutdown of  equipment

Thermal C amera -
detection of  f ire

C oupler  for  refueling -
internal inter locking 

tr iggered by  pressure - so 
it  can only  disperse if  
safely  locked.  V isual 

Indicator  to show 
operater  status . 

B reakaway - built  in 
automatic  shut off  valve 
prevents  gas  leak after  

disconnection



Hydrogen Opportunities

. . .based on the information f rom the U K  r isk model, that elec tr ic  shoc k r isks  assoc iated with trac tion 
power c ontr ibute up to 6 fwi (fatalit ies  and weighted injur ies ) out of  132 fwi per  year  ac ross  U K  

mainline railway  operation (exc luding suic ides)

S ourc e - Ac mena have reviewed the data within R S S B  U K

A railway  without Overhead P ower

Data f rom the Off ic e of  the N ational R ail S afety  R egulator  (ON R S R ) in Australia shows that in the 12 
months  f rom M arc h 20 19  to February  20 20 , there were over  1,20 0  reported s ignals  passed at danger  

(S P ADs)...  Did the overhead system c ontr ibute towards  some of  the S P ADS ?



Other Factors to 
C o n s ide r  in  N Z



NZ is prone to seismic activity which 
a ffe c t s  r a i lw a y  o pe r a t io n s  d ir e c t ly

• T r a c k  n e e ds  t o  be  r e bu i lt /r e t a m pe d
• A n  o v e r h e a d s y s t e m  w i l l  fu r t h e r  de la y  in  r e c o v e r y  w o r k s

Source Data 

Railway Resilience

Earthquakes over time in New Zealand – 1960 to Today



Back to the Concept



Source -
Wikipedia

Total Distanc e - Auc kland to Wellington - 6 80 km
E xisting Travel Time - 10 Hours  40 min



Available Now
S u ppl ie r  1 S u ppl ie r  2 S u ppl ie r  3

• Trains are capable of 1000 km of travel
before refueling *

• *Bremervorde Germany has a refueling
station - 64 x 500 bar tanks - total
capacity 1800 kg

• 1 kg of hydrogen replaces 4.5litres of
diesel

• Supports 14 hydrogen powered trains
(Alstom Trains, LINDE designed
Hydrogen Refueling Yard)

• *Uses 1.6t of hydrogen per day
• Refuel 15mins per train
• Has been in operation for since 2018

Supplier 4

The vehicles consist of two passenger 
cars, whose lightweight aluminium 
construction helps to increase the train’s 
energy efficiency, and a power pack to 
house the fuel cells and hydrogen tanks, 
as well as other technical equipment.

With an overall length of around 50 
metres, the new trains have 89 seats per 
vehicle for a total of 155 passengers 
transported and are fully accessible for 
people with reduced mobility. 
Furthermore, the new vehicles offer 
specific areas for wheelchairs, pushchairs 
and bicycles positioned near the access 
and exit doors, as well as a PRM toilet 
compliant with TSI standards.

USA Germany Germany Italy



Coming soon...
L o c o  1

L o c o  2

L o c o  3

L o c o  4
Canada

China

Poland



New Zealand has so many natural advantages to 
be c ome  a le ade r in hydroge n produc tion and 
applic ation in trans port.

B ringing road to rail is  a  way forward in the  
s trate gy of de -c arbonis ation, howe ve r we  als o 
ne e d to de -c arbonis e the  railway.

Ne w Ze aland trans port c an be c ome  e mis s ion fre e  
s oone r if the  s us tainability e c onomic  pillar is  
ac tivate d toward imple me ntation of hydroge n, 
both in s upply and in us e .

Conclusions

Toward sustainability and 
resilence

From a safety perspective, the key area to review 
for the New Zealand railways, are the existing 
tunnels and whether they are adequate to support 
the running of hydrogen tunnels in their current 
state..  



Building and maintaining an 
inte grate d map that inc lude s  
hydroge n re late d as s e ts  s upport 
hydroge n imple me ntation in 
T rans port indus try and promote s  
opportunitie s  whic h may not be  
vis ible

Conclusions

Toward sustainability and 
resilence
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