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PART ONE ς INTRODUCTION  

This part provides background information on this report, our approach and the application of 
hydrogen technologies to supply energy services.  

1-1 Report Structure 

This report is the second of three reports.  It is a technical report on our analysis of the cost 
effectiveness of hydrogen technologies for decarbonising the New Zealand economy.  The other 
reports are: 

¶ Report One ς Summary ς accessible overview of hydrogen technologies and our study findings 

¶ Report Three ς Background Research ς collation of useful research material 

This analytical report is organised into three parts: 

¶ Part One ς Introduction  

¶ Part Two ς Hydrogen Cost Models ς models and reference cost estimates 

¶ Part Three ς Hydrogen Applications ς analysis of current and future cost effectiveness 

1-2 Study Scope 

The principal focus of this study is examination of the potential for New Zealand to use hydrogen 
technologies to cost-effectively reduce greenhouse emissions.  It draws on international studies as 
to likely costs and performance of hydrogen technologies, but most of the analysis is original, with 
numerous models developed specifically for this study. 

The study considers how hydrogen technologies could be used to provide ǘƘŜ Ƴŀƛƴ ΨŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎΩ 
currently met using fossil fuels ς i.e. transport, heating (industrial process, space and water) and 
electricity generation. 

The study primarily focusses on ΨƎǊŜŜƴΩ ƘȅŘǊƻƎŜƴ ς i.e. using renewably-generated electricity to 
produce hydrogen from water using electrolysis ς comparing green hydrogen both to fossil-based 
technologies and to other low-carbon alternatives.   

However, it also considers the economics of hydrogen produced from hydrocarbons ς specifically 
from natural gas using steam methane reforming (SMR) ς in combination with carbon capture and 
storage (CCS). 

The analysis considers cost competitiveness today, and forecasts competitiveness 20 years into the 
future.  It identifies key uncertainties, major assumptions and the most promising opportunities for 
hydrogen technologies. 

This study also considers the potential for New Zealand to export hydrogen to other countries ς 
ǇŀǊǘƛŎǳƭŀǊƭȅ ΨǊŜƴŜǿŀōƭŜǎ-ǇƻƻǊΩ ŎƻǳƴǘǊƛŜǎ ǎǳŎƘ ŀǎ WŀǇŀƴ ς to help them decarbonise their economies. 

This report is technical in nature, with the audience assumed to be comfortable with technical and 
economic analyses of energy issues ς although not necessarily having prior knowledge of hydrogen.  
The associated summary report provides a more accessible summary for non-technical readers.  
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1-3 New Zealand Emissions Profile 

Figure 1 shows the breakdown of New ½ŜŀƭŀƴŘΩǎ ŜƴŜǊƎȅ-related greenhouse emissions in 2016, the 
most recent year with complete data available.  Transport is bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ŜƴŜǊƎȅ-
related emissions (50%) (over 90% of which is from internal combustion engine vehicles), followed 
by use of fossil fuels for heat raising (30%), and electricity generation (14%).   

This profile is unique to New Zealand, with most other countries having a much larger share of 
emissions from electricity generation.   New Zealand is also unique because its energy-related 
greenhouse emissions only account for 40% of its overall greenhouse emissions ς with agriculture 
accounting for the vast majority of its other emissions.1   

Figure 1: New Zealand's 2016 energy-related greenhouse gas emissions 

 
Source: Concept analysis of MBIE data 

Hydrogen technologies have the potential to displace all these energy-related emissions ς either 
through burning hydrogen directly in place of fossil fuels or using hydrogen fuel cells to produce 
electricity (and heat).  This study examines each of these areas in turn, focussing on the most 
promising applications with the greatest emission reduction potential, and comparing the likely 
economics of hydrogen technologies versus other low-carbon technologies.   

1-4 Hydrogen Technologies 

Displacing fossil fuels with hydrogen requires the combination of several technologies.  Hydrogen is 
the most abundant element in the universe but is very rare on earth in its pure molecular form.  As 
such, the starting point for hydrogen technologies is to extract hydrogen from source compounds ς 
water or hydrocarbons.  Once extracted, hydrogen can be stored and transported, then used to 
produce heat or electrical energy.  This requires a range of different technologies relating to 
production, storage, transport and end-use. 

                                                           
1 Greenhouse gas emissions are classified using four main categories ς energy-related; agriculture-related; 
industrial processes and product use (non-energy); and waste.  
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Some of these technologies are mature, because they have been used at scale for many decades to 
support industrial processes (such as synthetic fertiliser manufacture).  Other hydrogen 
technologies, such as fuel cells, were discovered many decades ago but have not yet been applied at 
scale.  Figure 2 summarises the purpose and maturity of key hydrogen technologies2.  

Figure 2: Hydrogen Technologies 

Hydrogen 
Technology 

Purpose Description Maturity  and extent of use 

Electrolysis Production Electrical energy is used to produce 
hydrogen gas from water.  Different 
electrolyser technologies exist: 
Alkaline water electrolysis is lower 
cost, while proton exchange 
membrane (PEM) electrolysis offers 
more flexible output3. 

Alkaline (1880s) and PEM 
(1960s) are proven 
technologies.  Alkaline used 
at scale for industrial 
applications.  PEM exists at 
scale but is not common. 

Steam 
Methane 
Reformation 
(SMR) 

Production Hydrogen is extracted from a 
hydrocarbon feedstock using a 
petrochemical process. 

Mature technology. 

Used at scale for industrial 
processes. 

Carbon 
Capture and 
Storage 
(CCS) 

Production Carbon dioxide produced as a by-
product of SMR is captured and 
sequestered to prevent release to 
atmosphere. 

Relatively limited to-date ς 
although some large-scale 
examples used in enhanced 
oil and gas recovery. 

Pipeline Storage 
and 
Transport 

Hydrogen can be transported in 
gaseous form in pipelines, either in a 
dedicated pipeline or blended with 
natural gas.  Pipelines also perform 
limited storage functions. 

Hydrogen pipelines are a 
mature technology.  
Hydrogen blends are similar 
to historic town gas, but at a 
testing phase for modern gas 
networks.  

Tanks Storage 
and 
Transport 

Hydrogen can be stored as a 
compressed gas or in liquified form.  
Tanks can be transported via land or 
sea. 

Tanks are also integral part of 
hydrogen vehicles. 

Mature.   

Liquid hydrogen and ultra-
high pressure (e.g. H2 cars) 
storage systems are not mass 
produced. 

                                                           
2 ¢ƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŜȄŀƳƛƴŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ άwŜǎŜŀǊŎƘέ ǊŜǇƻǊǘΦ 
3 As set out in more detail later in this report, having production flexibility is key to making the most of 
temporary drops in electricity prices during times of high renewable output; this report therefore assumes that 
green hydrogen is being produced by PEM electrolysers. 
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Hydrogen 
Technology 

Purpose Description Maturity  and extent of use 

Fuel Cell Use The electrolysis process is essentially 
reversed, with electricity generated 
from hydrogen gas.  Fuel cells emit 
water and produce heat as a 
by-product. 

Fuel cells convert hydrogen to 
electricity to power hydrogen 
vehicles, but can also be used to 
provide power and heat for 
stationary energy requirements. 

Technology proven in 1830s 
but not applied at scale.  

Early mass production and 
utility-scale applications 
developing this century. 

Boiler Use Hydrogen can be burnt in a modified 
gas appliance to provide heat 
energy, with water as a combustion 
product. 

Similar to town gas, so 
requirements well 
understood.   

Hydrogen-burning appliances 
not widely available. 

Electricity 
Turbine 

Use Hydrogen can be burnt in a turbine 
and used to generate electricity. 

At research prototype stage. 

 

There is not yet any widespread deployment of hydrogen technologies at scale for displacing 
fossil-fuel energy services, but there is active government and commercial research and 
development internationally.  This includes development of the technologies listed above, and their 
application as part of a full hydrogen supply chain.  wŜǇƻǊǘ ǘƘǊŜŜ ƛƴ ǘƘƛǎ ǎŜǊƛŜǎΣ ΨwŜǎŜŀǊŎƘΩΣ ŘŜǘŀƛƭǎ 
some of these international initiatives. 

1-5 Energy Service Cost Comparison  

For each potential hydrogen application, we have taken an approach of comparing energy service 
costs ς i.e. the total cost of achieving an end energy service, such as transport, heat, or electricity 
generation.  To develop energy service cost estimates we have considered the relevant supply chain 
model and analysed the relevant cost components. 

There are various supply chain models for hydrogen  

¶ it can be produced using electrolysis or through extraction from natural gas; 

¶ it can be produced locally (at point of use) or centrally  

¶ If produced centrally it can be transported via pipelines or tankers; 

¶ it can be burnt directly, or used to generate electrical energy (and heat) through a fuel cell or gas 
turbine.   
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Figure 3: Energy Service Costs4 

 

Our analysis seeks to establish how competitive hydrogen is likely to be for various energy services 
by comparing the modelled cost per unit of energy service across alternative technologies.   

In most cases the key alternative technologies to hydrogen are direct electric options (e.g. electric 
vehicles, electric heating technologies), but we also consider biomass for some energy uses. 

We also consider competitiveness against existing fossil options (e.g. petrol vehicles, or gas- or coal-
fired heating) and determine the carbon price that would be required to make these fossil options 
more expensive than the cheapest low-carbon alternative. 

Part 2 of this report establishes reference cost estimates for hydrogen produced using renewable 
electricity or hydrocarbon extraction.  Part 3 uses these reference cost estimates as inputs to energy 
service cost comparisons for key applications.  

1-6 Conventions 

New Zealand dollars are used throughout this report unless stated otherwise.  Generally, prices are 
quoted excluding GST, unless otherwise stated.  Future prices are stated in real terms, i.e. without 
adjusting for general inflation.  

For reference, in energy terms 

1 kg (H2) = 0.142 GJ (H2)   

This means that in cost terms 

$1/kg (H2) = $7.04/GJ (H2) 

                                                           
4 ϷκǾƪǘ Ґ άŘƻƭƭŀǊǎ ǇŜǊ ǾŜƘƛŎƭŜ ƪƛƭƻƳŜǘǊŜǎ ǘǊŀǾŜƭƭŜŘέ ς a key metric for the cost-effectiveness of providing 
transport services. 
$ per GJuseful ǊŜŦŜǊǎ ǘƻ ǘƘŜ Ŏƻǎǘ ǇŜǊ DW ƻŦ ΨǳǎŜŦǳƭΩ ƘŜŀǘ ŘŜƭƛǾŜǊŜŘ ς i.e. taking into account any energy conversion 
losses in raising heat to heat a home, or a bath-full of water, or perform an industrial process. 
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PART TWO ς HYDROGEN COST MODELS 

This part analyses the cost of producing hydrogen from renewable and hydrocarbon sources.  It 
develops a reference estimate for the cost of renewable-ōŀǎŜŘ ΨƎǊŜŜƴΩ ƘȅŘǊƻƎŜƴ and a reference 
estimate for the cost of hydrocarbon-based hydrogen.  It develops several variations on the 
reference estimates, and projects how costs may change 20 years into the future. 

2-1 Hydrogen from Renewable Electricity 

Hydrogen produced through renewable electricity-powered electrolysis of water is often referred to 
ŀǎ ΨƎǊŜŜƴΩ ƘȅŘǊƻƎŜƴΦ  As a fuel with zero greenhouse gas emissions, green hydrogen could play a 
significant role in decarbonisation worldwide if it can be produced cost-effectively.   

Hydrogen can be produced: 

1. Centrally ς at a central location using grid-supplied electricity with hydrogen transported to 
end-use locations via pipeline or tanker 

2. Locally ς at an end-use site, with electricity sourced from the grid 

3. Remotely ς at a remote end-use site with off-grid electricity supply 

Grid-sourced electricity comes with network connection costs, but generally offers flexible supply at 
comparatively low cost.  Storage may still be required to match an efficient hydrogen production 
profile to a variable hydrogen demand profile, or to match production to times of low electricity 
prices.  Alternatively, hydrogen can be injected directly into a dedicated pipeline or blended into a 
natural gas pipeline.  In the latter case, the injection rate is restricted by the maximum blending 
proportion. 

Grid electricity can be sourced through direct connection to the high-voltage transmission system for 
large-scale centralised production, or through connection to an electricity distribution network for 
smaller scale or more distributed operation.  

If renewable on-site generation ς such as solar or wind ς is used in a remote production facility, then 
the greater levels of generation intermittency (compared to grid generation) means that greater 
levels of storage (of electricity or hydrogen) are generally required to match supply to demand. 

2-1.1 New Zealand Context 

New Zealand has a highly renewable electricity supply and abundant options for developing further 
renewable supply.  If new demand for hydrogen production is assumed to be met through expanding 
renewable generation, then grid-ǇƻǿŜǊŜŘ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ΨƎǊŜŜƴΩ ƛƴ bŜǿ 
Zealand.   

Figure 4 summarises green hydrogen production models in the New Zealand context. 

Figure 4: Production models  

Energy Source Benefits Limitations Applications 

Electricity 
transmission 
connected 

Avoids electricity 
distribution network 
costs. 

Supports very 
large-scale production. 

Incurs cost of dedicated 
transmission assets. 

Limits locational 
choices. 

Only economic for large 
production facilities. 

Production for export. 

Production for 
reticulation in 
dedicated H2 pipelines. 

Production for 
underground storage. 
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Energy Source Benefits Limitations Applications 

Electricity 
distribution 
connected 

Flexible locational 
choices. 

Economic across wide 
range of production 
scales. 

Incurs distribution 
network charges. 

Upper limit on 
production scale. 

Production for tank 
storage. 

Production for 
reticulation. 

Production for 
immediate use. 

Off-grid Avoids network costs. 

Co-location with 
generation. 

Access to own supply 
only. 

Cannot export 
electricity. 

Larger storage 
requirements. 

Lower electrolyser 
utilisation. 

Supply remote 
locations. 

2-1.2 Green Hydrogen Cost Model 

We developed a bottom-up model of green hydrogen production costs, and sense-checked against 
observed prices and estimates by other parties.  The advantage of this approach is that it allows 
sensitivity testing and supports estimation of carbon price thresholds at which green hydrogen 
becomes competitive with fossil fuels or hydrocarbon-sourced hydrogen.   

Our core model assumes hydrogen is produced using an electrolyser connected to an electricity 
distribution network, and is compressed and stored in a bulk storage tank.  We also report the pre-
compression cost, and the cost when compressed to levels useful for various applications: 

¶ zero ς for injection into a gas distribution network 

¶ low ς for injection into a gas transmission network 

¶ high ς for use in a hydrogen-powered vehicle. 

The cost components for this supply chain model are wholesale electricity and network costs, losses 
through the electrolyser and compression processes, the capital costs of electrolyser and tank 
storage equipment, and (non-electricity) operating and maintenance costs.  
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Figure 5: Green hydrogen cost components 

 

We also assume for this current cost estimate that hydrogen is produced on a fairly constant basis ς 
utilisation factors of approximately 85%.  We explore later the potential opportunities to produce 
hydrogen more cheaply from operating at lower utilisation factors to concentrate production at 
times of low electricity prices. 

We have also made assumptions about the potential scale of costs for key components 20 ȅŜŀǊǎΩ ƛƴ 
the future.  

Our core assumptions, and resultant modelled costs are set out in Table 1 below. 
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Table 1: Core green hydrogen model cost assumptions ($ values excl. GST) 

 

* See Appendix A at back of this report for comparison of selected value to range of values from 
literature review. 
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Figure 6 below compares these modelled number with other published estimates.   

Figure 6: Comparison of Concept modelled hydrogen production costs (i.e. pre-compression and 
storage) with other published estimates5 

 

A note of caution should be given when comparing Concept estimates and other published 
estimates, as these other estimates are for different countries which may have materially different 
electricity input costs.   

Nor is it clear whether other assumptions are equivalent between our estimates and these other 
studies. 

Nonetheless, this comparison suggests that the Concept estimates are reasonable compared with 
other studies ς if potentially on the optimistic side. 

Figure 7 below details the change in hydrogen costs for other use-cases, and how they compare with 
the base use-case (Bulk Storage). 

The key differences between the use-cases are: 

¶ Power-to-gas.  This is for a situation of injecting hydrogen directly into a gas pipeline.  This 
avoids storage costs.  Note: gas pipeline charges are not included for transporting the gas to the 
end-user.  This issue is addressed later.  Two sub-cases are considered: 

- Gas Dx injection, is for a situation of injecting hydrogen directly into a gas distribution 
network.  This also avoids compression losses.   

- Gas Tx injection is for injecting hydrogen into a gas transmission network.  This has 
compression losses which are half those for bulk storage.  Electricity network costs are also 
assumed to be halved (as it is for a notional very large-scale facility connected to the 
electricity transmission network) and electricity distribution network losses are avoided.  The 

                                                           
5 Note: The published international estimates are for produced costs prior to storage and compression.  
Accordingly, the Concept estimates have had such aspects removed from the full cost breakdown shown in 
Table 1 in order to enable like-for-like comparison. 
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assumed much larger scale of the facility only results in electrolyser costs being reduced by 
5% reflecting the limited scale economies available for electrolysers.6  For the reasons 
discussed in section 3-4.3 later, this option may be limited in a future of blending hydrogen 
with natural gas (rather than having a pure hydrogen pipeline), due to the fact that a large-
scale hydrogen production facility injecting at a single point in the gas network may exceed 
hydrogen concentration thresholds.7  This could potentially be overcome through co-locating 
the hydrogen production facility with an existing natural gas production facility in Taranaki. 

¶ Service station is for a service-station model where the gas is compressed up to the much higher 
pressures required for the fuel tank in a hydrogen vehicle.  Compression losses are double those 
for the bulk storage use case.  There are also fixed service-station overhead costs to recover.8   

¶ Off-grid is similar to the bulk storage use-case, but avoids electricity network costs.  Counter-
acting this benefit are: 

- larger storage costs9 

- lower electrolyser capacity factors, leading to higher electrolyser capital recovery costs per kg 
of hydrogen delivered.  A capacity factor based on solar generation is assumed for Figure 7 

- potential higher wholesale electricity costs if local renewable development is not able to 
achieve the same economies of scale as grid-scale generation.  This potential effect is not 
included in Figure 7 

- potential limitations on having available land adjacent to the facility on which to locate the 
local renewable generation10 

Given these drawbacks, our assessment is that off-grid solutions are generally only really cost-
effective where the electricity network costs from getting a grid connection are much higher than 
the levels shown in Figure 7 ς e.g. a remote rural location with a dedicated electricity spur line. 

¶ Grid gen & gas-grid overlap is similar to the Gas Tx Injection use-case, but for the situation 
where grid-connected renewables happen to be located close to a gas transmission line.  In this 
scenario the electrolyser could be embedded behind the renewable generation plant such that 
there are no incremental electricity network costs.  This gives the lowest cost hydrogen 
production use case. 

The Tararua wind sites are an example where competitive grid-generation is located close to a 
gas transmission pipeline.  It is possible that future wind and utility-scale solar sites could be 
developed close to gas pipelines.  However, the economics of this are likely to be very situation 
specific, relying on the location for the wind / solar project that is close to the existing gas 
transmission network also having a good combination of wind / solar resource, civil engineering 
costs, and electricity transmission costs.  

                                                           
6 The physics of electrolysers means that a large-scale facility will need to be comprised of lots of individual 
small-scale electrolysers modules. 
7 As set out in section 3-4.3 later, these thresholds could limit the amount of hydrogen in the gas stream at any 
one point to 12% or 20%. 
8 Section 3-1 looking at hydrogen for transport details the derivation of the service station overhead costs. 
9 The much larger storage costs for off-grid use-cases are because the generation variability of a single wind-
farm or solar panel is significantly ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ǿƘƻƭŜ ƎǊƛŘ-connected 
renewable fleet.  As such, in order to deliver similarly reliable hydrogen to on-grid options, a much larger 
storage facility is required.   
10 For example, we estimate that to meet the energy requirements for a hydrogen service station delivering 
the amount of energy delivered by an average service station today, would require an area of land half-a-
kilometre by half-a-kilometre square, completely covered in solar panels.  The area of land would be ten times 
greater to service the requirements of a very large industrial process heat facility. 
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Figure 7: Modelled current hydrogen costs for various use-cases 

  

²Ƙŀǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ Ƴŀȅ ǘƘŜǊŜ ōŜ ǘƻ ΨƻǇǘƛƳƛǎŜΩ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ǘƻ ŀŎƘƛŜǾŜ ƭƻǿŜǊ ŎƻǎǘǎΚ 

Figure 7 highlights that hydrogen production costs are dominated by electricity input costs 
(wholesale electricity and electricity network). 

One opportunity we have considered is whether it may be optimal to operate an electrolyser at a 
lower utilisation factor in the future than is the case today, in order to concentrate production at 
times of low electricity prices and deliver lower per unit production costs. 

The potential drivers in favour of lower per unit production costs from lower utilisation factors are: 

¶ Wholesale electricity ς Future higher penetrations of wind, solar and geothermal plant in the 
New Zealand electricity system may increasingly drive periods of surplus that collapse electricity 
prices 

¶ Electricity network costs ς More cost-reflective future network pricing should enable parties 
who can avoid consumption at times of peak network demand to achieve lower network bills 

Offsetting these potential lower per unit production costs are factors which would tend to increase 
per unit production costs if utilisation was lower: 

¶ A hydrogen production facility would need larger electrolyser and storage equipment to meet a 
given level of hydrogen demand.  These higher capital costs will be spread over a smaller 
amount of produced hydrogen, resulting in higher per unit production costs.   

This effect is why the electrolyser capital recovery costs are so much higher for the off-grid use 
case in Figure 7 compared to the other use cases.  The off-grid use case assumes a 20% 
utilisation factor (driven by the capacity factor of solar11), whereas the other use cases assume 

                                                           
11 This 20% capacity factor for solar assumes a relatively large-scale solar facility with single axis tracking and 
winter-focussed panel orientation.  Smaller-scale, static solar facilities are more likely to achieve capacity 
factors of approximately 15%. 
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an 85% utilisation factor.  The effect of this may be reduced over time if technology 
improvement reduces the capital cost of electrolysers and hydrogen storage facilities.  Table 1 
previously, sets out our estimates of the potential future cost reductions for these cost 
components. 

¶ Some element of network charges will likely be recovered via fixed charges, based on some 
measure of the electricity connection capacity.  Lower utilisation factors mean these fixed 
charges will be spread over a smaller amount of produced hydrogen, resulting in higher per unit 
production costs. 

Optimising hydrogen production costs for small-scale hydrogen production 

To test the trade-off between efficient running costs (low electricity prices) and efficient capital costs 
(smaller equipment and electricity network capacity charges) we modelled the variation in hydrogen 
production costs with differing production capacities. 

Importantly, this is for a future where electricity required for hydrogen production is relatively small-
scale όǊŜƭŀǘƛǾŜ ǘƻ bŜǿ ½ŜŀƭŀƴŘΩǎ ƻǾŜǊŀƭƭ ŘŜƳŀƴŘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅύ, and thus not driving the need for 
new renewable electricity generation to be built.  The analysis on page 24 considers likely costs in a 
future where large-scale hydrogen production is driving the need for new renewable generation to 
be built. 

Wholesale Electricity Prices 

For this small-scale hydrogen production scenario, we modelled scenarios of future electricity prices 
considering: 

¶ Change in New Zealand generation mix. As well as a scenario based on the current generation 
mix, we developed two scenarios with very high proportions of renewables ς consistent with a 
future of very high carbon prices applying to the electricity sector.  These scenarios produce 
periods of price collapse when there is surplus production ς offset by higher prices at times of 
scarce supply, such that the time weighted average (TWA) price remains at the level required to 
support new baseload generation.12  

¶ Hydro variability. We used 20 yearsΩ of half-hourly data to capture the impact on prices of wet 
and dry periods. 

Figure 8 shows the resultant wholesale price-ŘǳǊŀǘƛƻƴ ŎǳǊǾŜǎ ŦƻǊ bŜǿ ½ŜŀƭŀƴŘΩǎ ŎǳǊǊŜƴǘ ƎŜƴŜǊŀǘƛƻƴ 
mix όΨhǊƛƎƛƴŀƭΩύ, a scenario where renewables penetration drives price collapse 25% of the time 
όΨ{ŎŜƴ нΩύ, and a scenario with price collapse occurring 55% percent of the time όΨ{ŎŜƴ мΩύ. 

                                                           
12 The time-weighted average (TWA) price will need to be at a level to cover the long-run marginal cost of new 
baseload generation.  We have assumed thaǘ ǘƘŜ ¢²! ǇǊƛŎŜ ǿƛƭƭ ōŜ ōǊƻŀŘƭȅ ǘƘŜ ǎŀƳŜ ŀǎ ǘƻŘŀȅΩǎ ¢²!Υ 
approximately $75/MWh.  This is based on separate Concept modelling of future cost reductions for 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ǿƛƴŘ ŀƴŘ ǳǘƛƭƛǘȅ ǎƻƭŀǊΣ ŦŀŎǘƻǊŜŘ ōȅΥ ƛƴŎǊŜŀǎŜŘ ΨŦƛǊƳƛƴƎ ǇŜƴŀƭǘƛŜǎΩ ŦŀŎŜŘ ōȅ ǎǳŎƘ plant as the 
proportion of variable renewable generation on the system increases; and the need to develop progressively 
ƭŜǎǎ ŦŀǾƻǳǊŀōƭŜ ǎƛǘŜǎ ŀǎ ǘƘŜ ΨōŜǎǘΩ ƻǇǘƛƻƴǎ ŀǊŜ ǳǎŜŘ ǳǇΦ 
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Figure 8: Modelled wholesale price duration curves 

 

WŜ ƴƻǘŜ ǘƘƛǎ ƛǎ ƴƻǘ ŀ ǇǊŜŘƛŎǘƛƻƴ ƻŦ Ƙƻǿ bŜǿ ½ŜŀƭŀƴŘΩǎ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄ ŀƴŘ ǿƘƻƭŜǎŀƭŜ ǇǊƛŎƛƴƎ ǿƛƭƭ 
evolve but is an internally consistent assumption that would provide a comparably favourable 
environment for flexible, energy-intensive activities such as hydrogen production.  

This also effectively assumes that increased electricity demand from hydrogen production during 
these periods of surplus does not reduce the surplus to the extent that the price collapses do not 
occur to the same extent.  This is consistent with small-scale hydrogen production, but not with 
production of a scale across New Zealand which drives the need to build new renewable generation. 

Electricity network costs 

¢ƘŜ ŎǳǊǊŜƴǘ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜǘǿƻǊƪ Ŏƻǎǘǎ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ Ψ/ǳǊǊŜƴǘΩ Ŏƻǎǘǎ ǎƘƻǿƴ in Table 1 and 
Figure 5 previously were based on applying the published network tariffs from three network 
companies (Vector Auckland, WEL Hamilton and WE* Wellington) for a large commercial 
transformer-connected customer.   

As well as considering possible future changes to the average level of network costs, it is critically 
important for considering the benefits of lower hydrogen production utilisation to consider the 
future structure of network costs. 

In particular, the proportion of network costs which are recovered based on: 

¶ Measures of customers consumption at times of network peak.  Based on observation of 
current commercial network tariffs we assume 10% of network revenues are currently recovered 
via such charges, but that this will move to 50% in the future.  A high proportion of network 
costs recovered via peak charges is ideal for a hydrogen producer with low utilisation as these 
charges are completely avoidable by consumers who avoid consumption at times of peak.   

¶ $/kWh charges.  These are unavoidable by a consumer, but from the perspective of a hydrogen 
producer, these do not increase on a per unit basis with lower levels of utilisation.  We assume 
30% of network revenues are currently recovered via such charges, but that this will reduce to 
10% in the future. 

¶ Fixed / capacity-related charges.  These are based on a measure of a cǳǎǘƻƳŜǊΩǎ ŎƻƴƴŜŎǘƛƻƴ 
capacity.  Because they are unrelated to consumption, lower utilisation will result in these costs 
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resulting in higher $ per unit of hydrogen produced.  We assume 60% of network revenues are 
currently recovered via such charges, but that this will reduce to 40% in the future. 

 

Figure 9 and Figure 10 below show the current and assumed future effective network charge at 
different levels of hydrogen utilisation.13   

Figure 9: Current effective network charge at different hydrogen utilisation factors 

 

                                                           
13 In practice, network pricing structures and cost allocations vary considerably across networks and can be 
influenced by installation-specific factors.  The stylised network pricing model shown here is not intended to 
replicate pricing in any given New Zealand network, but captures the key economic features of network cost 
structures. 
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Figure 10: Assumed future effective network charge at different hydrogen utilisation factors 

 

As can be seen, changes to the future structure of network charges will have a much more significant 
effect on the economics of hydrogen production at low utilisation levels than changes to the overall 
level of network charges. 

wŜǎǳƭǘŀƴǘ ƻǇǘƛƳŀƭ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ŦƻǊ ΨǇƻǿŜǊ-to-ƎŀǎΩ ǳǎŜ ŎŀǎŜǎ 

For the use-cases of the green hydrogen being injected into a distribution or transmission gas 
networks the production can be undertaken completely opportunistically. 

This enables reductions in the average per unit cost of produced hydrogen from operating at lower 
utilisations ς as shown in Figure 11 ς and particularly if very high levels of future renewables 
penetration result in wholesale price collapses ς as shown in Figure 12. 

That said, the trade-offs between lower wholesale electricity costs versus higher capital and network 
Ŏƻǎǘǎ ǊŜǎǳƭǘ ƛƴ ŀ ŦŀƛǊƭȅ Ŧƭŀǘ ΨōŀǘƘ-ǘǳōΩ ŎǳǊǾŜΣ ǿƛǘƘ ǊŜƭŀǘƛǾŜƭȅ ƭƛǘǘƭŜ ǾŀǊƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǘƻǘŀƭ Ŏƻǎǘǎ 
from operating at 30% utilisation and 80% utilisation. 
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Figure 11: Modelled future hydrogen production cost for injection into a gas distribution network 
(i.e. the power-to-gas use case) for scenario with current levels of renewables penetration 

 

Figure 12: Modelled future hydrogen production cost for injection into a gas distribution network 
(i.e. the power-to-gas use case) for scenario with very high renewables penetration 

 

This revised price for opportunistic power-to-gas hydrogen production is very similar to the future 
estimate produced by CSIRO for such production in Australia ς as previously shown in Figure 6. 
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Optimising utilisation for use-cases with storage 

For hydrogen which needs to be stored before being used (e.g. for a service station, or industrial 
process site using hydrogen as a heating fuel), the opportunities to operate only at times of low 
electricity prices are more limited. 

This is because of the random (because it is weather-driven) nature of periods of renewables-driven 
surplus and scarcity driving electricity prices.  As Figure 13 illustrates, there can be periods of 
sustained high prices followed by periods of sustained low prices.   

Figure 13: Weekly average wholesale electricity prices for scenario with very high levels of 
renewables penetration 

 

A hydrogen producer seeking to only operate for the lowest 40% of electricity price periods, say, 
needs to have a large enough storage facility that they can produce and store up enough during 
periods of low prices so that they can avoid periods of sustained high prices. 

Having such a large storage facility means that lower wholesale electricity production costs can be 
achieved, but it will be cycled less frequently, leading to increased storage costs. 

The $/kg storage costs for our base case assumes a storage facility that will be cycled approximately 
twice a week.  This can be from fairly constant injection into the storage facility but with varying 
within-day offtake (e.g. heavy HV trucks filling up at a service station during day-time periods). 

However, a storage facility which is only cycled, on average, once a week will have per unit storage 
costs which are twice as high.  And a storage facility which is only cycled once a year (e.g. filling up in 
summer and releasing in winter) would have per unit storage costs which are 100 times higher. 

This dynamic of how storage costs vary with how often the storage facility is cycled is illustrated in 
Figure 14 below. 

The capital cost of a hydrogen storage vessel was assumed to be NZ$20 per kWh of storage capacity 
ς our estimate of the current capital cost of hydrogen storage tanks.  For reference, the capital cost 
of a battery is currently approximately NZ$300 per kWh of storage capacity ς approximately fifteen 
times greater. 
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Figure 14: Impact of storage cycling regime on storage cost per kg of hydrogen delivered ($/kg) 

 

To analyse these effects we developed a storage optimisation model which sought to optimise the 
operation of a storage facility given the 20-year series of half-hourly electricity prices for the relevant 
future wholesale electricity scenario. 

This optimisation model was based on similar such models we have developed to optimise the 
storage and release of hydro reservoirs or gas storage facilities.   

This optimisation was undertaken for many different sized storage facilities to understand the effect 
that storage size has on the average wholesale electricity cost of production, and storage cycling 
outcomes. 

Figure 15 illustrates the effect that storage size has on the pattern of storage and release.  The large-
sized facility enables opportunistic production achieving average wholesale costs which are 
approximately 10% of that achieved for the small facility, but the cycling is less than 0.5% of that for 
the small facility ς i.e. the storage component of costs will be more than 200 times greater. 

Figure 15: Illustration of optimised storage and release patterns for a small and large storage 
facility, respectively 

Small Large 

  

 

Figure 16 further illustrates the limitations of storage.  It shows the average achieved wholesale 
electricity price for production relative to the time-weighted average wholesale electricity price 
(DWAP/TWAP) for completely opportunistic production (i.e. power-to-gas) and for the various 
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storage model runs.  It also shows the ratio of these prices (measured on the right-hand-scale) which 
shows that on average the achieved wholesale electricity price for storage production is 
approximately 1.75 that of the opportunistic production.  Lower ratios are achievable, but require 
much larger storage facilities (not shown on this graph) ς with much lower cycling and associated 
storage cost increases. 

Figure 16: Results of storage optimisation for wholesale scenario of very high renewables 
penetration 

 

 

Simple relationships were developed based on the results of the above analysis to seek to reflect the 
effects of storage in terms of: 

¶ Higher production costs for a given utilisation factor relative to completely opportunistic 
production 

¶ Higher storage costs due to reduced cycling associated with larger storage ς noting that storage 
generally needs to be larger for progressively lower utilisation factors. 

The results of the analysis for the bulk storage use case are shown in Figure 17 below. 
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Figure 17: Modelled future hydrogen production cost for the bulk storage use case for scenario 
with very high renewables penetration 

 

This indicates that the trade-offs between lower achieved wholesale prices and higher capital, 
storage and network cost result in optimal utilisations around 80% - very close to the 85% value used 
for our base case.   

However, this dynamic modelling results in lower hydrogen production costs at the 85% utilisation 
factor than derived from the simple modelling shown in Table 1 and Figure 7 previously, as these 
previous simple estimates assumed a static wholesale electricity price based on the time-weighted 
average. 

This results in the following revised estimates of hydrogen production costs.  (Note: the off-grid use-
case is, by definition, not assuming opportunistic production). 

Table 2: Estimated future ΨƻǇǇƻǊǘǳƴƛǎǘƛŎΩ hydrogen production costs for different use-cases 
($/kgH2) 
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Large-scale hydrogen uptake will increase the costs of hydrogen production 

As stated previously, a key caveat to the above analysis is that it effectively assumes that increased 
electricity demand from hydrogen production during periods of renewables surplus does not reduce 
the surplus to the extent that the price collapses do not occur to the same extent.   

This is considered to be a reasonable assumption for relatively small-scale opportunistic hydrogen 
production, but is likely to collapse for large-scale hydrogen production. 

Indeed, if there was hydrogen production of a scale sufficient to meet a material proportion of New 
½ŜŀƭŀƴŘΩǎ ŎǳǊǊŜƴǘ ǘǊŀƴǎǇƻǊǘ ƻǊ ǇǊƻŎŜǎǎ ƘŜŀǘ ŘŜƳŀƴŘΣ ǘƘŜ ΨƻǇǇƻǊǘǳƴƛǎǘƛŎΩ ǇǊƻŘǳŎǘƛƻƴ ŘǳǊƛƴƎ ǇŜǊƛods 
of relative surplus that drives the cost estimates in Table 2 would be insufficient to meet this.   

This is illustrated by Figure 18 which compares two projections of New Zealand electricity generation 
in a future where we meet our de-carbonisation requirements.14  The first projection is based on 
direct electric options being the principal means by which transport and industrial process heat is 
decarbonised.  i.e. electric vehicles and electric boilers (plus some biomass boilers for industrial 
process heat).  The second projection is based on hydrogen vehicles and hydrogen boilers being used 
instead of the direct electric options.   

Figure 18: Generation projections of decarbonisation via direct electric versus hydrogen15 

Direct electric decarbonisation Hydrogen-based decarbonisation 

  

The much higher generation requirement is because of the significantly higher energy losses in 
delivering transport or heating via hydrogen rather than direct electric options.  These arise from 
losses in converting electricity to hydrogen, and due to hydrogen vehicles, boilers and heaters having 
lower efficiencies than electric vehicles, boilers and heaters.  As set out in more detail in Part Three 
of this paper, almost three times as much renewable electricity is required to power a hydrogen 
vehicle compared to an electric vehicle, and twice as much renewable electricity is required to 
provide hydrogen-fuelled industrial process heat compared to electric process heating. 

In a future where large-scale uptake of hydrogen technologies drives the need for new renewable 
power station development, the wholesale electricity component of hydrogen production costs 
would tend to revert to a value which reflected the cost of building such new power stations.  
Further, having to build significantly more generation will also tend to increase wholesale electricity 

                                                           
14 ¢ƘŜǎŜ ǇǊƻƧŜŎǘƛƻƴǎ ǿŜǊŜ ǇǊƻŘǳŎŜŘ ǳǎƛƴƎ /ƻƴŎŜǇǘΩǎ 9b½ ƳƻŘŜƭΦ  ¢Ƙƛǎ ƳƻŘŜƭǎ ǿƘƻƭŜ-of-economy energy and 
emissions outcomes, covering all emitting sectors.  It has been used in a number of engagements, including 
the recent Productivity Commission enquiry into a low-emissions economy. 
For reference, the hydrogen-based decarbonisation projection results in generation demand growth which is 
ǊŜƭŀǘƛǾŜƭȅ ŎƭƻǎŜ ǘƻ ¢ǊŀƴǎǇƻǿŜǊΩǎ Ψ¢Ŝ aŀǳǊƛ IƛƪƻΩ ǇǊƻƧŜŎǘƛƻƴΦ 
15 Ψt± ¦ǘƛƭƛǘȅΩ ǊŜŦŜǊǎ ǘƻ ƭŀǊƎŜ-scale solar farms.  These are much lower cost, and deliver electricity relatively 
more steadily across the day and year, than rooftop PV.  This substantially lower cost and higher value output 
of utility PV relative to rooftop PV is why ENZ projects the former will dominate. 
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prices generally.  Our projections of average wholesale prices are almost 10% higher in the scenario 
with large-scale hydrogen-driven renewable development. 

Table 3 builds upon Table 2, and includes our estimate of the costs of hydrogen production if large-
scale hydrogen production started to drive the need for new renewable power generation 
development.  Note: this estimate does not take account of the potential for wholesale prices to be 
materially higher if the scale of extra demand resulted in very significant increases in generation ς 
e.g. the 10% higher wholesale prices referred to above in the scenario of hydrogen-based 
decarbonisation. 

Table 3: Estimated future hydrogen production costs for different use-cases ($/kgH2) 
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2-2 Hydrogen from Hydrocarbons  

Globally, most hydrogen used today is produced from natural gas using a process known as steam 
methane reforming (SMR). Most countries investigating hydrogen have an established SMR industry 
and are intending to leverage that to kick-start their Ψhydrogen-ŜŎƻƴƻƳȅΩ ambitions.  

SMR is often characterised as a gateway technology, providing hydrogen to start the transition away 
from direct Ŧƻǎǎƛƭ ŦǳŜƭ ǳǎŜ ƛƴ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴΣ ōŜŦƻǊŜ ǎǿƛǘŎƘƛƴƎ ǘƻ ΨƎǊŜŜƴΩ 
hydrogen from renewable electrolysis production once the hydrogen market is established.  

Because SMR uses natural gas as its input fuel, it emits CO2 as part of the process ς producing 40 kg 
of CO2 for every GJ of hydrogen.16  The energy losses in this process (typical efficiencies are 75%) 
mean the resultant hydrogen is more carbon intensive than the original natural gas fuel.  Because of 
ǘƘƛǎΣ {aw ƘȅŘǊƻƎŜƴ ƛǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨŘƛǊǘȅΩ ƻǊ ΨōǊƻǿƴΩ ƘȅŘǊƻƎŜƴΦ 

To address this greater carbon-intensity, SMR initiatives are generally coupled with initiatives 
looking at developing carbon capture and storage (CCS) to minimise the greenhouse emissions.  CCS 
technologies can significantly reduce emissions but are not 100% effective, so there are still residual 
emissions.  Our base case assumes that 75% of CO2 emissions are captured.17  When combined with 
the energy losses associated with the SMR process, this results in SMR+CCS hydrogen having one-
third of the emissions of raw natural gas (on a tCO2/GJ basis). 

2-2.1 New Zealand Context  

New Zealand has significant natural gas resources with gas production and processing currently 
entirely in the Taranaki region, and with a gas pipeline network (which could be re-purposed to 
transport hydrogen) radiating out from this area.  Taranaki is also the only place in New Zealand with 
depleted oil and gas reservoirs that could potentially be used for carbon capture and storage. 

Like most petrochemical processes, SMR benefits from significant economies of scale. SMR is a mass 
production chemistry so an SMR plant can be built with a very large capacity.  These economies of 
scale are taken advantage of worldwide.  SMRs are typically built on a large scale and in clusters at 
industrial sites with some pre-existing gas infrastructure. Often, they are close to the end user 
(typically major chemicals facilities such as the manufacture of ammonia or urea) to minimise 
ƘȅŘǊƻƎŜƴ ǘǊŀƴǎǇƻǊǘ Ŏƻǎǘǎ ƻǊ ŀǊŜ ΨŎŀǇǘƛǾŜΩ ǇǊƻŘǳŎŜǊǎΣ ǇǳǊǇƻǎŜ ōǳƛƭǘ ōȅ ŀ ǊŜŦƛƴŜǊȅ ƻǊ Ǉƭŀƴǘ ǘƻ ƳŜŜǘ ƛǘǎ 
own hydrogen needs. 

The emissions trading scheme places a cost on carbon emissions.  This is effectively capped at $20.75 
per tonne of CO2 at present, but the cap is unlikely to endure long-term.18  The price of carbon drives 
the economics of CCS and has a significant impact on the relative cost of SMR versus green 
hydrogen. 

2-2.2 Hydrocarbon-Based Hydrogen Cost Model 

We developed a bottom-up model of production costs for hydrocarbon-based hydrogen, and sense-
checked against observed prices and estimates by other parties.  The advantage of this approach is 

                                                           
16 The natural gas feedstock is cracked into hydrogen and carbon dioxide at a ratio of 1:5.5 by weight, which in 
GJ terms equates to 40 kg of CO2 for every GJ of hydrogen produced. 

17 Based on literature review of overseas studies.  As set out in more detail in Appendix A, this is at the upper 
end of estimates of the effectiveness of CCS. 
18 The ETS currently has a cap of $25 per tonne but emitters are only required to submit units for 83% of their 

emissions.  This reduced surrender obligation will end next year, and the $25 cap is unlikely to endure long 
term. 
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that it allows sensitivity testing and supports estimation of carbon price thresholds at which 
hydrocarbon-sourced hydrogen becomes competitive with fossil fuels.   

The cost components for this supply chain model are natural gas feedstock costs, process losses, 
capital costs of plant, and carbon emission prices.  

Figure 19: Hydrocarbon-based hydrogen cost components 

 

As with green hydrogen, process efficiency is a key cost driver.  We have modelled an end-to-end 
(from natural gas to hydrogen gas) energy loss of around one-ǘƘƛǊŘ ƛŦ ΨƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴΩ ŎŀǊōƻƴ 
capture processes are used. 

The effectiveness of the CCS process is also important, and our model assumes 75% of CO2 is 
removed.  This assumption, combined with production process energy losses, means we model the 
emissions intensity of SMR+CCS as 33% of using natural gas directly.  

Figure 20 below compares our modelled cost of SMR and SMR + CCS hydrogen with  

¶ international estimates,  

¶ the costs of direct natural gas and  

¶ green hydrogen produced at a large-scale and injected into a gas transmission network (as 
detailed in the previous section) 

We have also shown for illustrative purposes, the effect of a NZ$100/tCO2 price on the cost of 
carbon emissions on the different options.  
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Figure 20: Estimated cost of hydrogen produced by SMR + CCS 

 

The similarity between international estimates and our estimate of approx. $14/GJ (excluding carbon 
costs and with CCS) provides some comfort.  

Likewise, the resultant effective cost of the CCS in terms of $ per tonne of CO2 removed is 
NZ$86/tCO2.  This is understood to be similar (if a little on the low side) to other estimates of the 
cost of CCS. 

Table 4summarises key carbon price breakeven points for  

¶ differing assumptions about the effectiveness of the amount of CO2 removed by the process 
(assuming there is no change in the capital costs or operating efficiency due to such changes).   

¶ A sensitivity where wholesale gas prices rise to $10/GJ, for our central removal efficiency of CO2 
by CCS of 75%.  This is to consider the potential implications of a future where constraints on the 
development of additional gas reserves and resources start to cause an increase in New 
½ŜŀƭŀƴŘΩǎ Ǝŀǎ ǇǊƛŎŜǎΦ 

Table 4: Carbon price breakeven points 

Breakeven Point Comment CO2 removed by CCS Gas price 
$10/GJ  

(CCS 75%) 
60% 75% 90% 

SMR+CCS becomes 
competitive with SMR 

 108 86 72 115 

SMR+CCS becomes 
competitive with direct 
use of natural gas 

For each $1 per GJ (Ғ17%) increase in the 
price of natural gas, the carbon price 
breakeven increases by $19 per tCO2 (Ғ5%). 

502 350 270 430 

Green hydrogen 
becomes competitive 
with SMR+CCS 

¢Ƙƛǎ ƛǎ ŦƻǊ ǘƘŜ ΨǇƻǿŜǊ-to-ƎŀǎΩ ǳǎŜ ŎŀǎŜ ŦƻǊ ŀ 
gas-transmission-connected large-scale green 
hydrogen production facility.  (Hydrogen 
production costs of $5.3/kgH2) 

650 1,000 2,600 670 
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Significant improvements in CO2 removal efficacy, process efficiency and non-fuel costs would be 
required to make SMR + CSS cost competitive with direct use of natural gas.   This breakeven carbon 
price increases as the wholesale price of natural gas increases ς i.e. as the price of natural gas 
increases, the losses incurred in SMR+CCS become relatively more costly. 
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PART THREE ς HYDROGEN APPLICATIONS 

This part presents analysis of the cost effectiveness of hydrogen in key applications: 

1. Transport 
2. Industrial Process Heat 
3. Space and Water Heating 
4. Converting Gas Networks to Hydrogen 
5. Power Generation 
6. Other Uses ς marine, aviation, rail, petrochemical feedstock 

The analysis uses the hydrogen cost estimates developed in Part Two, and compares the likely cost-
effectiveness of hydrogen relative to other low-carbon alternatives such as direct electric options or 
biomass. 

3-1 Transport 

3-1.1 Background 

/ŀǊǎ ŀƴŘ ǘǊǳŎƪǎ ŀǊŜ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ŜƴŜǊƎȅ ŜƳƛǎǎƛƻƴǎ 

Figure 1 ǇǊŜǾƛƻǳǎƭȅ ǎƘƻǿŜŘ ǘƘŀǘ ǘǊŀƴǎǇƻǊǘ ŀŎŎƻǳƴǘǎ ŦƻǊ ƘŀƭŦ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƴŜǊƎȅ ŜƳƛǎǎƛƻƴǎΦ  
Figure 21 and Figure 22 below show that road transport accounts for 89% of transport emissions and 
is also the fastest growing transport emitting sector. 

Figure 21: 2016 within-NZ (i.e. excluding international air & marine) transport emissions 

 
Source: Concept analysis of MBIE data 



 

H2_Report2_Analysis_v4 31 Saved: 29-Jan-19 

 

Figure 22: Historical within-NZ transport sector emissions (ktCO2-e) 

 
Source: Concept analysis of MBIE data 

Electric vehicles are projected to transform the light road vehicle fleet 

For over a century, one technology has dominated road transport: internal combustion engines 
(ICEs) fuelled by petrol or diesel.   

However, major and continuing improvement improvements in battery technology mean that 
battery-electric vehicles (EVs) are starting to become cost-competitive ς particularly if CO2 costs are 
included and the electricity used to recharge the EVs comes from renewable generation.   

The cost of batteries has been the critical factor driving EV economics for light vehicles, with trade-
offs between vehicle cost and range.  However, the latest generation of light EVs have batteries that 
give considerably greater range for a much lower cost.  For example, the next generation Nissan Leaf 
(to be launched in 2019) will have a long-range version which is projected to have a range of 
approximately 350 km19 ς over three times the range of the first-generation Leaf produced only 
eight years earlier, and fifteen times the range of the median average distance travelled by a car in a 
day in New Zealand. 

With continued improvements in the cost and performance of batteries, EVs for light vehicles (i.e. 
cars and vans) are projected to become genuinely cheaper transport solutions than ICEs for most 
light vehicles in a decade or so, even without a cost of CO2.  And for light vehicles that travel a lot 
each year (and thus for whom fuel costs are a very large part of the total cost of ownershipΣ Ψ¢/hΩ), 
that point of being genuinely cost-competitive is much closer.   

In large part this is due to the inherent superior energy efficiency of electric motors compared to 
combustion engines ς an electric motor is approximately 3.5 times more efficient at converting 
stored energy (electricity in a battery) into motive power, compared with the efficiency of a 
combustion engine converting stored energy (chemical energy in fuel) into motive power. 

                                                           
19 https://en.wikipedia.org/wiki/Nissan_Leaf#Second_generation_(2017%E2%80%93present)  

https://en.wikipedia.org/wiki/Nissan_Leaf#Second_generation_(2017%E2%80%93present)


 

H2_Report2_Analysis_v4 32 Saved: 29-Jan-19 

 

This rapid improvement in the cost and performance of EVs is likely to result in mass uptake of light 
9±ǎΣ ŀƴŘ ǘƘŜ ŜǾŜƴǘǳŀƭ ΨŎƻƴǾŜǊǎƛƻƴΩ ƻŦ ǘƘŜ ƭƛƎƘǘ ǘǊŀƴǎǇƻǊǘ ŦƭŜŜǘ ǘƻ 9±ǎ ƻǾŜǊ ǘƘŜ course of several 
decades.   

For example, the current Ministry of Transport projection is for 40% of light vehicles on New 
ZealandΩǎ ǊƻŀŘǎ to be EVs by 2040.  Other countries are putting in place measures to help hasten this 
transition, through implementing bans on the sale of new ICEs from 8 to 20 years in the future.20 

The economics of EVs for heavy transport are more challenging 

However, while EVs are starting to displace ICEs for light vehicles, the same is not true for heavy 
vehicles ς i.e. trucks.  As Figure 21 previously showed, heavy fleet emissions account for Ғ 19% of 
bŜǿ ½ŜŀƭŀƴŘΩǎ ǘǊŀƴǎǇƻǊǘ ŜƳƛǎǎƛƻƴǎ όҒ мл҈ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƴŜǊƎȅ-related emissions, and Ғ 4% of 
bŜǿ ½ŜŀƭŀƴŘΩǎ ǘƻǘŀƭ ƎǊƻǎǎ ŜƳƛǎǎƛƻƴǎύ ŀƴŘΣ ŀǎ Figure 22 showed, have been the fastest growing 
source of transport emissions. 

The reason that heavy EVs are further away from being cost-competitive than light EVs is because, in 
addition to the high cost of batteries (which affects both light and heavy EVs), the following 
characteristics of EVs particularly affect heavy EVs: 

¶ batteries weigh considerably more than diesel in a fuel tank to travel similar distances 

¶ batteries take longer to recharge than it does to fill-up a diesel / petrol tank at a service station. 

While improvements in battery costs are also substantially helping the economics of heavy EVs, the 
weight and re-charging time penalties can be more significant for heavy EVs than light EVs: 

¶ .ŜŎŀǳǎŜ ǘƘŜǊŜ ƛǎ ŀƴ ŀōǎƻƭǳǘŜ ǿŜƛƎƘǘ ƭƛƳƛǘ ŦƻǊ ǾŜƘƛŎƭŜǎ ƻƴ bŜǿ ½ŜŀƭŀƴŘΩǎ ǊƻŀŘΣ ǿŜƛƎƘǘ ǘŀƪŜƴ ǳǇ ōȅ 
an EV battery will reduce the amount of freight the heaviest class of truck can carry.  This weight 
ŎƻƴǎǘǊŀƛƴǘ ƛǎ ƴƻǘ ŀƴ ƛǎǎǳŜ ŦƻǊ ƭƛƎƘǘ ǾŜƘƛŎƭŜǎ όƻǊ ŜǾŜƴ ΨƳŜŘƛǳƳΩ ǿŜƛƎƘǘ ŦǊŜƛƎƘǘ ǘǊǳŎƪǎ ς or large 
trucks who carry bulky rather than heavy goods). 

¶ Heavy vehicles generally travel further than light vehicles each day.  The more limited range of 
current heavy EVs means that an overnight charge will be insufficient in some cases, and thus a 
long-distance heavy vehicle will need to stop to recharge during the day.  Coupled with the much 
slower recharging times of EVs compared to filling up a diesel tank, this means long-distance 
heavy EVs will spend a greater amount of their time each day unproductively stationary. 

¢ƘŜǎŜ ΨǇǊƻŘǳŎǘƛǾƛǘȅ ǇŜƴŀƭǘƛŜǎΩ ƳŜŀƴ ǘƘŀǘ ŀ ƎǊŜŀǘŜǊ ƴǳƳōŜǊ ƻŦ ƘŜŀǾȅ 9± trucks will be needed to 
perform a given freight service than could be achieved with diesel trucks. 

Heavy hydrogen vehicles are not projected to suffer the same productivity penalties, as they are 
projected to have weights, ranges and re-fuelling times which are similar to heavy diesel trucks.   

3-1.2 Heavy Transport Cost Model 

Because heavy transport is inherently the most promising large-scale application for hydrogen 
vehicles, we have focussed on assessing the economics of ΨǾŜǊȅ heavyΩ transport.  

²Ŝ ǳǎŜ ǘƘŜ ǇƘǊŀǎŜ ΨǾŜǊȅ ƘŜŀǾȅΩ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘ ǘƘƛǎ ƎǊƻǳǇ ƻŦ ǘǊǳŎƪǎ ŦǊƻƳ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǘǊǳŎƪ ŦƭŜŜǘ 
ǿƘƛŎƘ ŎƻƭƭŜŎǘƛǾŜƭȅ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨƘŜŀǾȅΩ ƛƴ aƛƴƛǎǘǊȅ ƻŦ ¢ǊŀƴǎǇƻǊǘ ǎǘŀǘƛǎǘƛŎǎΦ   

As can be seen in Figure 23 ōŜƭƻǿΣ ǘƘŜ ΨǾŜǊȅ ƘŜŀǾȅΩ ǎǳō-set (i.e. trucks weighing more than 30t) is 
ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ нф҈ ƻŦ ŦǳŜƭ ŎƻƴǎǳƳŜŘ ōȅ ǘǊǳŎƪǎ ŎƭŀǎǎŜŘ ŀǎ ΨƘŜŀǾȅΩ ƛƴ bŜǿ ½ŜŀƭŀƴŘ ς 5.5 % of New 
½ŜŀƭŀƴŘΩǎ ǘǊŀƴǎǇƻǊǘ ŜƳƛǎǎƛƻƴǎΣ ƻǊ нΦф҈ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƴŜǊƎȅ ŜƳƛǎǎƛƻƴǎ .  We address later the 

                                                           
20 Countries which have announced bans include: Germany, 2030; India, 2030; Ireland, 2030; The Netherlands, 

2030; Norway, 2025 
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ŜŎƻƴƻƳƛŎǎ ƻŦ ǘǊŀƴǎǇƻǊǘ ŦƻǊ ǘƘŜ ΨƳŜŘƛǳƳΩ ǘǊǳŎƪǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ тм҈ ƻŦ ΨƘŜŀǾȅΩ ŦƭŜŜǘ 
fuel consumption. 

Figure 23: Fuel consumed by freight vehicles classed as 'heavy' 

 

 

To assess the economics of truck transport, we have developed a model of the cost components of 
transport and how these costs will vary between the three fuel / technology options: 

¶ Diesel vehicles 

¶ Electric vehicles (EVs) 

¶ Hydrogen vehicles (HVs) 

Our starting point for estimating the cost of these vehicle options is the typical total cost of 
ownership (TCO) for a diesel vehicle. 
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Figure 24: Typical heavy freight TCO breakdown (diesel vehicle)21 

 

In determining the economics for hydrogen and electric trucks, some of the above TCO items are 
considered to be common: 

¶ Road User Charges (RUCs) 

¶ Insurance 

¶ Driver costs 

¶ Tyres 

¶ Other 

However, these are increased for EVs due to the payload reduction and refuelling downtime 
productivity penalties ς depending on the extent to which the duties of the truck result in such 
penalties being material.  Further, as detailed later, RUCs for EVs are increased by an additional 
factor to reflect the fact that RUCs increase with the weight of vehicle. 

Some of these cost items are very technology specific: 

¶ Capital cost (i.e. Ψ5ŜǇǊŜŎƛŀǘƛƻƴΩ ƛƴ Figure 24) ς upfront cost and operating life 

¶ Maintenance costs ς vehicle servicing and repairs 

¶ Fuel costs 

Note: Capital and maintenance costs are also affected by productivity penalties for heavy EVs. 

The following sections step through each of these technology-specific cost areas, and the 
productivity penalties, and set out our assumptions for diesel, battery-electric and hydrogen.   

                                                           
21 .ǊŜŀƪŘƻǿƴ ǇǊƻǾƛŘŜŘ ōȅ ƻƴŜ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ŦǊŜƛƎƘǘ ƻǇŜǊŀǘƻǊǎΦ  Ψw¦/ǎΩ ŀǊŜ wƻŀŘ ¦ǎŜǊ /ƘŀǊƎŜǎΦ 




































































































