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Angus Gabara, Principal Rail and Transit Advisory 
WSP NZ Rail and Transit discipline, describes the 
transformational change and bold decisions required 
to deliver a decarbonised rail network in Aotearoa, 
New Zealand. 

At the end of 2020, with mounting pressure to affect 
change that delivers its carbon reduction goal, the 
Labour Government declared a climate emergency 
for New Zealand. The transport industry’s response to 
this emergency is pivotal and the rail industry is no 
exception.  

One of the most significant - and conspicuous - 
changes the rail industry can make is to remove diesel 
traction. However, currently only 14% of the network in 
Aotearoa is capable of running an electric train.  

We can look to the UK where, in 2018, an industry 
task force was established to remove all diesel-only 
trains by 2040. The Traction Decarbonisation Network 
Strategy (TDNS) concluded that, while decarbonisation 
is possible, it requires an urgent and significant 
coordinated investment in infrastructure and rolling 
stock. This would deliver the scale of infrastructure 
works required and stay within the timescales for fleet 
replacements or upgrade. 

The TDNS will inform decisions on the most suitable 
traction solutions for passenger and freight. A rolling 
programme of electrification will be required, as will 
utilisation of new technologies - such as battery and 
hydrogen propulsion - on other routes, provided the 
energy supply is zero carbon.

Here, KiwiRail has embarked on a study to understand 
the costs of completing the electrification partos of the 
network including:

• the North Island Main Trunk Line between Auckland 
and Wellington,

• the East Coast Main Trunk to Tauranga,

• the Wairarapa line to Masterton 

Electrification will be a huge step towards 
decarbonisation, and provide efficient and safe 
intercity travel. 

In the meantime, this paper discusses the wider 
challenges, efficiencies and opportunities that are 
involved when looking at decarbonising our rail 
network. 

01 Introduction
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While technology is evolving, batteries are currently 
best suited to support ‘discontinuous’ or end-of-
line electrification, including low speed, short stop, 
applications such as light rail. Trials of battery-
retrofitted Electric Multiple Units (EMUs) have been 
successfully undertaken, and Birmingham will soon 
see the application of battery technology in the CAF 
Urbos trams that will run “catenary- free” in the new 
Centenary Square extension to Midland Metro. Battery 
propulsion is also  proposed for the innovative Very 
Light Rail (VLR) system currently being developed by 
Coventry City Council. The VLR system may be proven 
to be a lower cost, albeit lower capacity, alternative 
to a full overhead catenary light rail system. VLR may 
have some application advantages that could shape a 
Light Rail plan for our major cities in Aotearoa.

Hydrogen trains represent a potentially viable 
option for rural lines, with trials of re- purposed EMUs 
currently ongoing in the UK. The German public 
transport network Rhein-Main-Verkehrsverbund (RMV) 
subsidiary, Fahma, has placed an order for 27 Alstom 
Coradia iLint hydrogen2 model trains to replace 
existing diesel trains. The contract also includes the 
supply of hydrogen, maintenance and provision of 
reserve capacities for the next 25 years. The viability 
of hydrogen as a solution will depend on the ability 
to generate, distribute and store hydrogen in a cost 
effective way.

Decarbonising rail – what are the challenges? 
Cost

Overhead electrification is the most effective option 
to reduce emissions for high-speed, freight and long-
distance routes. However, it’s expensive and due to its 
impact on overhead structures - along with other rail 
systems - isn’t feasible for deployment on all routes in 
Aotearoa.  

Battery and hydrogen propulsion are two viable 
alternatives, despite current limitations of achievable 
performance and range.  

A study by the Norwegian Railway Directorate of the 
alternative zero emission energy sources for their 
700km mixed passenger and freight northern line 
(Nordland Line), compared the costs of six alternatives 
to diesel:

• Electrification

• Partial electrification with battery

• Battery-only

• Hydrogen fuel cell

• Biogas

• Biodiesel

Analysis of the infrastructure and operational costs over 
75 years showed:

• Battery-only and partial electrification with battery 
were the most cost-effective solution, followed by 
biodiesel

• Hydrogen solutions have high operational costs and 
high vehicle investment costs.

Of course cost is only one consideration, the feasibility 
of the solution and environmental considerations are 
equally important. However given the long term nature 
of rail infrastructure decisions, understanding life-cycle 
costs will be a critical part of any future business case.  

02 Challenges
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Freight

Decarbonising rail freight throws up a number of 
significant challenges including:  

• New Zealand has only 15 electric mainline freight 
capable locomotives. These are currently being 
refurbished to extend their lives for 10 years

• Of the 4,128km of rail track in New Zealand, only 
589kms are electrified and 101 of those electrified 
kilometres have a different form of electrification 
which cannot be utilised by the 15 electric mainline 
freight locomotives  

• There is around 2,300km of freight-only track which 
means freight services may have to fund or justify 
the full cost of electrification 

• The South Island has no mainline electrification 
whatsoever and, due to relatively low utilisation of 
long and isolated stretches of rail line, electrification 
is not practicable for the South Island in the 
foreseeable future. 

Scale and pipeline

New Zealand does not have a long-term pipe-line 
of agreed work that could justify the development 
of specialist human and capital resources that could 
focus on expanding electrification and driving down 
the per kilometre cost. Current projects are piecemeal, 
meaning specific practices and plant that is imported 
or developed quickly disperses at the end of each 
small project. A better approach would be to have 
these resources contribute to a locked-in reduction 
in the cost and timeframes per kilometre of new 
electrification.



More efficient electrification 
A decision by Government to complete the 
electrification of the NIMT and metro commuter lines 
would create rolling stock buying power, scale and 
procurement simplification. This would also generate a 
horizontal infrastructure offering of a scale to prompt 
investment in resources. This investment in people and 
machines would reduce the average per kilometre cost 
of electrification over the medium to long term.   

This established workforce and machinery could then 
be positioned to take on further electrification beyond 
the NIMT with the benefit of significant insights and 
efficiencies.     

This approach has borne fruit in Scotland where the 
Scottish Government is committed to electrification, 
funding a rolling programme of seven schemes over 
the past ten years totalling 500 single track kilometre 
(stk). The schemes have delivered electrification 
broadly within the target range of £1 million to £1.5 
million per stk and the commitment to a rolling 

programme has enabled the transfer of lessons 
learned from one project to the next.  

WSP UK is currently working with Network Rail 
and stakeholders to apply the emerging principles 
of ‘efficient electrification’ to the next tranche of 
electrification schemes with the aim of further 
reducing unit costs. 

A good example is the ‘efficient electrification’ 
electrical clearance values that are being promoted at 
the development stage of key electrification projects 
in Scotland, which are far lower than the traditional 
values. These reduced clearance values have been 
justified by incorporating cost-effective mitigation 
equipment, supported by trials and testing, resulting 
in significant reductions in bridge intervention works. 
These initiatives will lead to significantly reduced route 
clearance costs and help make electrification more 
affordable.
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03 Opportunity
Decarbonising rail - a clear and 
present opportunity   
In the UK, Government and industry are committed to 
reducing the impact of rail travel on the environment, 
while still offering an attractive service for customers. 
Network Rail intends to be trialling bi-mode, hydrogen 
and battery trains by 2024, and to have reduced 
pollutants in stations by 25% by 2030.  

A commitment to developing a UK-wide rolling 
programme before current projects are completed is 
vital to ensure that the expertise, skills and capability 
are retained and developed to match the likely future 
demand.   

In New Zealand, similar long-term decisions need 
to made to ensure sufficient flexibility for electric or 
hybrid fleets to be deployed across the country as 
much as possible.  Ideally any new passenger rolling 
stock would have the same body shell and maximise 
the commonality of major components. 

Phased procurement of a dual-voltage multiple 
unit with a battery to extend the non-electrified 
network range, combined with phased completion 

of electrifying New Zealand’s busiest rail lines, could 
facilitate seamless zero-carbon travel between 
Auckland, Hamilton, Tauranga, Wellington and 
Masterton within ten years.   

Closing the electrification gaps on the NIMT between 
Waikanae and Palmerston North (81km) and between 
Hamilton and Pukekohe (79km) should be the near-
term goal – however with battery technology it does 
not need to be a precursor to zero emission travel on 
that line. Zero emission travel could also push towards 
Tauranga and Masterton as demand is generated and 
infrastructure funding is unlocked.  

The upcoming procurement by Greater Wellington 
Regional Council to replace the outdated and 
inefficient diesel-hauled Wairarapa and Capital 
Connection Carriages provides the opportunity to 
buy relatively simple bi-mode electric multiple units 
capable of traversing both 1600V DC and 25kV AC 
networks. This could be extended beyond routes 
between Palmerston North and Wellington, and 
Masterton and Wellington.  With near complete North 
Island electrification, the new train order could easily 
be expanded to cover Auckland to Hamilton and 
Tauranga.
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DIESEL A diesel electric multiple unit (DEMU) provides DC power to a variable voltage variable frequency DC to AC 
converter which provides power for the AC traction motors. A DEMU, is essentially an EMU, with a diesel generator 
on board. A more traditional diesel multiple unit (DMU) connects the diesel engine to a hydraulic torque convertor 
to the drive wheels (similar to diesel truck). 

25kV
Generally, most modern rail electrification is undertaken with 25kV AC due to a substantial reduction in 
infrastructure costs. The higher voltage reduces the current within the wayside electrical infrastructure, which 
means less substations and less feeder cables – but increased electrical clearances to tunnels/bridge etc. However, 
the trains – Electrical Multiple Units (EMU) require an additional and heavy AC to DC converter. This system is 
installed in Auckland, and between Hamilton and Palmerston North. 

1600V
In a 1600V D C system, the EMUs are lighter, as the transformers used to convert national grid power to low voltage 
DC, for on board systems, are housed in substations alongside the track, rather than on board every train for 25kV 
systems. This system was appropriate in the 1930s when installed in Wellington, and remains a viable system in 
many locations around the world (Sydney, Melbourne, London South). The cost of conversion, sunk costs and the 
additional clearances required would not be likely to justify a change in Wellington. 

25KV-1600V
Dual Voltage EMUs could operate on both 1600V DC and 25kV AC electrified networks. The vehicle is similar to a 
25kV AC EMU and only requires some additional switch gear to enable the system to bypass the AC to DC converter 
when it is on the 1600V DC network. Making provision for operating a new vehicle on both high voltage AC and 
low voltage DC is straightforward, and relatively common. This vehicle could operate in Auckland, in Wellington and 
between Hamilton and Palmerston North, but could not traverse the gaps in electrification. 

25KV-1600V-D
This vehicle is a combined Diesel-electric and Dual Voltage rail vehicle. It would be capable of operating 
throughout the North Island and optimise the use of current and future extensions of electrified rail networks. 
The extent of non-electrified operation would be constrained by the size of the fuel tank. Disadvantages include 
additional capital and operating costs of a more complex vehicle, emissions while not running in the electrified area 
and resistance to extend electrification when the services are already operating without the additional capital and 
operating costs of electrification. 

25kV-1600V-B
The vehicle is a Dual Voltage rail vehicle, with batteries to store energy for later use when operating in unelectrified 
areas. Currently the maximum range of battery technology is approximately 80km, so this technology could be 
selected if additional electrification infill/battery charging locations are installed on the network. Disadvantages 
include the additional capital and operating costs of a more complex vehicle. 

Propulsion options for modern Multiple Unit trains

25kV-1600V-B

(+/-)
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Wellington Suburban Rail Network has 
a 1,600V direct current (DC) electrified 
system (installed in 1930’s) on the 
Johnsonville Line, Hutt (& Melling) Line to 
Upper Hutt, & Kapiti/North Island Main 
Trunk (NIMT) as far as Waikanae. Due to 
increased voltage clearance requirements 
in tunnels, the investment in existing 
infrastructure and vehicles, it is unlikely 
that this network will be converted to 25kV. 
Passenger EMU’s operate on the electrified 
network, and freight trains use diesel-
electric locomotives.

The remainder of the North Island Rail 
Network is not electrified, and is operated 
using diesel-electric locomotives.

Golden Triangle Pukekohe to Hamilton 
(85km) and Hamilton to Tauranga (110km), 
are key freight rail transport corridors, 
and have potential to grow inter-regional 
passenger rail.

Wairarapa Line from Upper Hutt 
to Masterton (60km) is utilised by 
predominately passenger trains to 
Wellington, but also has some freight 
– all trains are hauled by diesel-electric 
locomotives. Electrifying to simplify 
passenger rolling stock procurement may  
be justifiable. 

Waikanae to Palmerston North (81km) 
electrifying this section, would enable dual 
voltage rail vehicles to operate between 
the key freight and passenger rail corridors 
between Hamilton and Wellington.

South Island Rail Network currently 
does not have any electrification, 
and the forecast utilisation would 
not justify it in the foreseeable 
future. All rail uses diesel-electric 
locomotives. 

Auckland Suburban Rail Network has a 
25kV alternating current (AC) electrified 
system (installed in mid-2000s). The 
network is electrified as far south as 
Papakura, and a project is underway to 
extend this to Pukekohe on the North 
Island Main Trunk (NIMT). Passenger 
electric multiple units (EMUs) operate on 
this network. All freight is hauled by diesel-
electric locomotives. 

Central North Island Rail Network has a 
25kV alternating current (AC) electrified 
system between Hamilton and Palmerston 
North (installed in 1980s). 25kV freight 
locomotives operate on this network, which 
were approaching the end of their design 
life – and are now undergoing a 10-year life 
extension. 

New Zealand Rail Network - opportunities and challenges for wider  
decarbonisation
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04 Conclusion 
New Zealand requires the bold intentions, targets, and 
policies from central government to be backed up 
with meaningful, targeted funding for low and zero 
carbon solutions.   

Similarly, and in tandem, procurers of new rolling 
stock, rail network infrastructure and energy supply 
chains need to engage with manufacturers of 
rolling stock and low or zero carbon plant to actively 
collaborate and ensure procurement processes for 
long lead items enable considered viable commercial 
options.  

Greater Wellington Regional Council’s draft 2021-2031 
Regional Passenger Transport Plan has been built 
around the strategic priority of “an efficient, accessible 
and low carbon public transport network” achieved 
through mode shift, decarbonisation of the public 
transport fleet and improving customer experience. 
Further, there is specific reference to exploring ways to 
further decarbonise the Metlink rail fleet by procuring 
and delivering new Lower North Island regional trains.  

The policies are sound, the targets are set, and the 
political commitment is real and sustained to deliver 
a decarbonised transport network. Our industry 
has two looming rail investments, KiwiRail’s North 
Island Electrification Cost Estimation report and the 
Wellington Regional long-distance trains procurement, 
presenting a prime opportunity to lock in a low 
or zero carbon rail future across at least the North 
Island within 10 years. Whatever the findings of the 
subsequent procurement and funding decisions 
by KiwiRail, Treasury, GWRC and Waka Kotahi, we 
must combine to set New Zealand on a track of 
decarbonising rail. 

Buying zero or low carbon trains now will eventually 
secure a fully decarbonised rail future. If the 
opportunity is not taken, such is the life cycle of new 
trains, we may be waiting another 25-30 years to even 
start the journey, and worse the new trains may stifle 
further zero carbon rail infrastructure development.
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The policies are sound, the targets are set, and the political commitment 
is real and sustained to deliver a decarbonised transport network.



Angus Gabara 
Principal - Rail and Transit Advisory

Angus has 20 years of experience with passenger rail and local government in Auckland and Wellington, 
and has led the delivery of over $1.6 billion of award-winning rolling stock and infrastructure projects. He 
also built and led the team that successfully tendered and awarded the 15-year performance-based metro 
rail operations contract and set the strategic direction and platform for the quality and growth of metro rail 
in Wellington - delivering record levels of patronage growth and customer satisfaction.He was the instigator 
of significant change in the NZ metro rail industry including contract model change and the transfer of 
infrastructure assets to regional authorities.
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