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Preface
Aqua Consultants and Element Energy were commissioned by Firstgas to undertake a study to assess
the role hydrogen could play in supporting New Zealand’s commitment to net zero. Our assessment is
based on a set of key assumptions of how future demand, energy markets and policy could evolve.
Both Aqua and Element Energy have extensive experience in working with network operators and
government bodies in the UK and Europe to develop hydrogen strategies for gas networks.
Our report establishes a range of future demand scenarios, assesses the hydrogen production required
to meet demand and the impact of introducing hydrogen blends and pure hydrogen on existing gas
infrastructure, providing recommendations for next steps.
We would like to thank everyone who has contributed and supported us in the production of this report.
The study was supported by funding managed by the Provincial Development Unit, and co-funded by
Firstgas.

This report was supported by funding managed by the Provincial Development Unit.

Contacts

Chris Barron – Chris.Barron@aquaconsultants.com – Tel. +44 7764 362413

Ian Walker – Ian.Walker@element-energy.co.uk – Tel. +44 1223 852 499
Silvia Simon – Silvia.Simon@element-energy.co.uk – Tel. +44 1223 603 530
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2 Glossary

API

American Petroleum Institute

ASME

American Society of Mechanical Engineers

ATEX

Appareils destinés à être utilisés en ATmosphères EXplosives

ATR

Autothermal Reforming

CCGT

Combined-Cycle Gas Turbine

CCO

Critical Contingency Operator

CCR

Cost Containment Reserve

CCS

Carbon Capture and Storage

DRS

District Regulator Stations

EIGA

European Industrial Gases Association

FC

Fuel Cell

FCEV

Fuel Cell Electric Vehicle

GMSR

Gas Management Safety Regulations

HDPE

High-Density Polyethylene

HE

Hydrogen Embrittlement

HGV

Heavy Goods Vehicle

HHV

Higher Heating Value

HSE

Health and Safety in Employment

HSNO

Hazardous Substances and New Organisms

ICC

Interim Climate Change Commission

IGC

Industrial Gases Council

LFL

Lower Flammable Limit

LNG

Liquefied Natural Gas

LPG

Liquified Petroleum Gas

MAOP

Maximum Allowable Operating Pressure

MBIE

Ministry of Business, Innovation and Employment

MDPE

Medium-Density Polyethylene

NG

Natural Gas

NTS

National Transmission System

NZ-ETS

New Zealand Emissions Trading Scheme

OEM

Original Equipment Manufacturer

O&M

Operations & Maintenance

PE

Polyethylene

PEM

Polymer Electrolyte Membrane

PSA

Pressure Swing Adsorption

RES

Renewable Energy Source

R&D

Research & Development

SMR

Steam Methane Reforming

SMS

Safety Management Systems

SOI

Statement of Intent
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SOP

Standard Operating Procedures

UFL

Upper Flammable Limit

WiTMH

Whakamana i Te Mauri Hiko

3 Unit conversions
Useful conversions

Orders of magnitude

1 PJ = 277.8 GWh

peta (P) = 1015

1 PJ = 8.33 kt H2

tera (T) = 1012

1 TWh = 3.6 PJ

giga (G) = 109

1 TWh = 30.03 kt H2

mega (M) = 106

1 kg H2 = 120 MJ (LHV)

kilo (k) = 103

1 kg H2 = 33.33 kWh (LHV)

Note : All prices included in this document are expressed in real NZ$ prices for the year 2020.
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4 About this report
4.1 Report structure
This report is set out with the following sections:
•

Introduction – how hydrogen can contribute to zero carbon energy and how hydrogen fits in the
New Zealand context

•

Future hydrogen demand – how we think hydrogen could be used in a decarbonised New Zealand
economy

•

Future hydrogen supply – how we think hydrogen could be supplied and the implications for the
electricity and water sectors

•

Network conversion strategy – how we could roll out hydrogen to our networks based on our views
of future hydrogen supply and demand

•

Technical feasibility – what we think we’ll need to test to undertake conversion of the network

•

Economic feasibility – how much will the hydrogen cost and how much will it cost to convert the
network

•

Our next steps – what we’ll need to test, who we’ll need to engage with and what we should
investigate first

We’ve tried to keep the main body of this report at a level that is accessible for non-technical
audiences. As a result, there is a lot of additional technical information in the appendices.
We invite you to contact us if there is something you’d like to know more about.

4.2 Study process
This study could not have happened without the input of Firstgas’ stakeholders. We began in early
March 2020 with a series of workshops and interviews in Wellington and New Plymouth. This allowed
our study team to understand more about the New Zealand energy system and source data for the
study. We interviewed over 40 individuals across 14 organisations over a week to kick off the study. A
further 30 people from 15 organisations attended 2, 4-hour long workshops in Wellington and New
Plymouth. We also held stakeholder events for around 180 people to further engage with potential
sources of information and users.
We then took this information away to develop the hydrogen scenarios. We set up further meetings
with other stakeholders focused on specific topics. This allows ground-truthing of the scenarios and
tested their robustness. Following on from this work we set to work modelling these scenarios from an
economic and physical perspective to understand the implications of introducing hydrogen into the
natural gas grid.
It was intended that further stakeholder workshops were to be held during the course of the study.
Unfortunately, due to COVID-19 the team were unable to return to New Zealand following their initial
visit. However, we were able to complete the study with limited delays due to the complexity of working
remotely.
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5 Executive summary
This study has progressed our understanding of how Firstgas can prepare for hydrogen use as part of
New Zealand’s energy future. Through the work undertaken we have been able to confirm the feasibility
of converting Firstgas pipelines to hydrogen, understand the likely challenges in this conversion
process, and lay out an indicative programme of future work for converting the gas infrastructure
network. The report builds on technical and economic modelling work carried out overseas and
considers this work in the New Zealand context.
The study is specifically concerned with establishing the feasibility of conversion of the New Zealand
gas network to hydrogen. We recognise that there are a number of other approaches to decarbonising
the energy supply in New Zealand, including, for example, biogas and deeper electrification with
increased renewable electricity generation. We have not attempted to identify the optimum mix of these
fuels and technologies, but instead to demonstrate that gas network conversion to hydrogen is a feasible
option that can play an important part within the mix.
This study finds that it is feasible to convert New Zealand’s gas networks to transport hydrogen
The report concludes that the use of the existing gas pipeline system to transport hydrogen throughout
the North Island is technically feasible and can make a valuable contribution to carbon emissions
reductions. The report describes further steps that need to be taken to progress towards the introduction
of hydrogen into the natural gas network later this decade.
To draw this conclusion a number of scenarios have been developed to explore the role of hydrogen in
the future New Zealand energy system, see Table 1. In the context of these scenarios, the report
considers:
•

How and why the gas network might be used to transport hydrogen

•

The suitability of the materials that the current network is constructed from to transport hydrogen to
energy users

•

The capacity of the network to transfer the quantities of hydrogen to the areas where it will be
required, including how the network may need to be re-configured

•

The cost of generating hydrogen and of the changes required to allow transportation and use of
natural gas/hydrogen blends and 100% hydrogen.
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Table 1: Our scenarios
Scenario

Description

High electrification

• Technological progress will favour electrical solutions.
• Some users currently operating on natural gas will take on hydrogen,
while some will electrify.
• Hydrogen will be produced locally and delivered through the local
distribution networks.

High Hydrogen

• Technological progress will allow for a reduction in the cost of
hydrogen.
• All current users operating on natural gas will take on hydrogen.
Some hydrogen will be utilised to produce electricity.
• Hydrogen will be delivered through both transmission and distribution
networks.

Integrated energy
system (core scenario)

• Technological progress will allow for a reduction in the cost of
hydrogen and government policy will facilitate the development of an
integrated energy system.
• All current users operating on natural gas will take on hydrogen.
Some hydrogen will be utilised to produce electricity.
• Hydrogen will be delivered through both transmission and distribution
networks and interseasonal storage will provide resilience to the
energy system and reduce the dry year risk.

While all three scenarios introduced above have been analysed in this study, we have selected the
Integrated energy system scenario as the ‘core scenario’. This is the scenario which we believe delivers
hydrogen most cost-effectively to decarbonize energy and transport demands, while exploiting the
potential of large-scale hydrogen production and storage to play a wider role in New Zealand’s energy
system, for example by supporting a resilient, low carbon electricity system. Throughout this report, we
focus attention on this core scenario, but results for all scenarios are provided in the appendices.
In all scenarios, the integration of hydrogen into the energy system will be a gradual process, involving
growth of hydrogen demand, development of production capacity and introduction of hydrogen into the
gas network, first as a blend with natural gas, followed by conversion to 100% hydrogen. In this report
we have set out a timescale for this transition that we believe to be technically feasible and that is
aligned with New Zealand’s 2050 Net Zero carbon ambitions.
Some of the key features of our core scenario as it develops throughout the period to 2050 are shown
in Figure 1.
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Figure 1: Summary of the key features of our core scenario, the Integrated Energy System, at
key stages through the conversion to a 100% hydrogen network
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Hydrogen can play a significant role in decarbonizing New Zealand’s energy system
Our core scenario, the Integrated Energy System scenario, demonstrates the role for hydrogen in
decarbonisation across a range of sectors. In particular, high temperature process heat and heavy
transport convert largely to hydrogen, with significant penetration of hydrogen fuel cell vehicles into the
light vehicle sector alongside electrification. Domestic and commercial users on the gas distribution
networks also switch their appliances to hydrogen appliances.

Figure 2: Development of hydrogen demand by sector over the period to 2050 in our core
scenario
In the core scenario, hydrogen is used as an energy storage vector that supports a fully renewable
electricity system. There are three key ways in which hydrogen can support the electricity system in
this scenario:
•
•
•

Reducing the burden on the electricity system by decarbonising energy uses that are not well
suited to electricity
Allowing on-demand power generation to support the intermittency of renewables
Providing inter-seasonal and inter-year storage of energy to support the electricity system in
dry years.

In our core scenario hydrogen contributes 8 Mt CO2/yr of emissions abatement in 2050 from a baseline
of energy sector emissions of 35 Mt CO2/yr in 2018. This provides a meaningful reduction alongside 6
Mt CO2/yr of abatement from demand reduction, 11 Mt CO2/yr from electrification and 5 Mt CO2/yr from
bioenergy.
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Figure 3: Contribution to carbon emissions reduction from today’s baseline to 2050 (Note that
agricultural, land use, forestry & waste emissions are excluded)

The cost of hydrogen in this scenario is competitive with other fuels. We estimate a cost of producing
hydrogen of $3.26/kg1 in 2050 ($98/MWh or $27/GJ). This compares with a likely range of conventional
natural gas prices between $8/GJ and $30/GJ (including carbon prices of between $25/tCO2e and
$200/t CO2e).
Utilising the Firstgas network may increase the commercial viability of hydrogen
The Firstgas network can transport hydrogen in a more cost-effective manner than trucking hydrogen
from source to use or using other transport options. This is because pipelines avoid the need to
compress hydrogen to transport in a container or make a chemical conversion (e.g., ammonia) to
transport hydrogen as a liquid. These steps both incur additional penalties in terms of energy losses
and additional costs. Pipeline transportation also avoids truck movements and therefore provides safety
benefits and is a more environmentally friendly means of transporting energy.
Network connections also provide the ability to optimise the value of hydrogen production by combining
other (potentially high value) uses of hydrogen such as heavy transport and industrial use with the ability
to feed surplus production into the gas network. Used in this way, gas network connections can enhance
the economic viability of hydrogen production as part of multi-use hydrogen ‘hubs’, rather than relying
on a single use case for hydrogen.
The gas network has sufficient capacity to supply hydrogen blends and then 100% hydrogen,
while always meeting demand on the network
We see the demand growth in hydrogen increasing from an initial transport load that builds in the 2020s
with blending into the network at scale from 2030. Under our core scenario, the network will be 20%
hydrogen by 2035, at which point conversion of the network to supply 100% hydrogen will begin. The
conversion to a full 100% hydrogen network will roll-out over the next 15 years, to 2050, supported by
large scale storage of hydrogen in Taranaki to provide inter-seasonal and inter-year flexibility for the
energy system (assumed to be operational from 2045). The conversion to a 100% hydrogen network
1

Note that all costs in this report are presented in real 2020 prices.
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will begin at the ends of the network and then progressively work back to Taranaki as hydrogen demand
grows. Working inwards in this manner means that natural gas can continue to be supplied to users on
the network from Taranaki prior to complete conversion of the network to hydrogen.
Modelling of the transmission network undertaken in this study has shown that it has sufficient capacity
to deliver the projected demand for energy, either as a blend of hydrogen and natural gas or as pure
hydrogen, within pressure, flow and velocity limits, with minimal requirement for reinforcement.
However, Firstgas will need to change the compressor configuration, which is likely to occur during the
renewal of assets prior to network conversion.
We have also modelled a typical distribution network and found that distribution networks are likely to
be able to deliver enough hydrogen blends and 100% hydrogen for projected demands, with some
reinforcement required. The cost of the modifications over all distribution networks in New Zealand has
been estimated to be in the order of $270M over the coming 30 years. While this expenditure is
significant, the Firstgas Distribution AMP projects $100M of capex over the next 10 years and
investments to enable hydrogen could be incorporated into the existing asset renewal programme.
There are some issues to be addressed regarding the suitability gas pipelines for hydrogen
blends and pure hydrogen, which apply to the Firstgas network. Significant research and
demonstration activity is underway internationally to resolve these issues.
We have assessed the typical components of the Firstgas transmission network for likely risks when
operating with hydrogen blends or pure hydrogen. This assessment was made based on the current
state of international research. At this point we have identified some issues – many of which are being
actively worked on overseas – but we believe these can be resolved through modifications to pipework
or operating regimes.
The key issue of hydrogen embrittlement potentially applies to around one third of the transmission
network. This issue is being actively investigated in overseas research programmes and some
promising techniques to protect steel pipelines from embrittlement have been identified, such as
introducing small quantities of oxygen. These issues require further work, which is being undertaken
as part of research efforts around the world and could be a future focus of the Firstgas RD&D
programme.
Hydrogen production needs are large and dispersed across the Firstgas network
The Firstgas network is designed to transport gas from Taranaki to users across the North Island. This
is likely to change following conversion of the network to hydrogen as hydrogen production is likely to
be geographically dispersed, such that there will be multiple points of entry to the system. We also
assume that hydrogen will be produced by electrolysers that are capable of supplying hydrogen to the
system at high pressure, which will have implications for the number and operating duty of compressors
on the network. We have modelled the Transmission network to identify entry points for hydrogen to
avoid any network constraints, in terms of pressure or flow rate, and to minimize the requirement for
additional compression, with potential to deliver savings on operating expenditure compared to the
current network. This distribution of electrolysers across the network provides the opportunity to
develop hydrogen economy hubs across the regions to take advantage of this infrastructure.
The build-out of electrolysers in our core scenario is significant. Hydrogen demand in 2050 is projected
to be 41 TWh and this will need 8.5 GW of electrolyser capacity2 and use 63 TWh of electricity. This
will require additional electricity generation – our modelling has shown the required generation capacity
is around 40 GW. While this is more than the generation capacity required in Transpower’s Whakamana
i Te Mauri Hiko report, the energy demands that are met by the system considered in this study, either
2

Equivalent to approximately 2,000m3/hr or 178 tonnesH2/hr production capacity.
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by hydrogen or renewable electricity, represent a greater fraction of New Zealand’s overall energy
demand than is addressed by the Transpower study, particularly with regard to high temperature
process heat and heavy transport demands. This system considered here in our core scenario therefore
also delivers an increased degree of decarbonization of the New Zealand economy. We estimate the
cost to build the electrolyser capacity at around $3.3B by 2035, with an additional cost of $11.6B from
2035 to 2050.
The costs key capital and operating costs associated with the main components of the hydrogen system
in the core scenario are tabulated below.
Table 2: Key expenditure components in our core scenario
Item

Quantity

Capex (NZ$ Million)

Opex (NZ$ Million/yr)

Hydrogen generation
Electrolysers

8.5 GW capacity

14,900

427 (at full capacity)

Hydrogen storage
Storage wells
infrastructure

5 TWh (18 PJ)
capacity

200

8

Storage compressors

11 GW capacity

600

35

Cushion gas

2.5 TWh (9 PJ) H2

200

0

15 (single unit),
25 (two units)
33 (three units)

0.9 (per unit)

Hydrogen network
Transmission
compressors

Depending on
replacement
schedule3

New distribution pipeline

400 km new
pipeline

250

0

New District Regulator
Stations

140 new stations

21

0

This study is an important first step in establishing the feasibility of hydrogen gas networks in
New Zealand. Significant additional work is required over the coming decade to achieve this.
There are many global RD&D programmes assessing the impacts of hydrogen on transmission
pipelines and associated components. Some of this work, like the UK HyNTS programme, involves
removing components of the network from service and testing them for hydrogen blends and 100%
hydrogen in an off-grid facility. These programmes will provide a realistic view on the likely performance
of similar components of a similar age that are present in the New Zealand gas system. Gaps will
remain that will need to be addressed by New Zealand specific research and demonstration, where the
differences in the components or operating conditions compared to overseas networks necessitate incountry research.
A roadmap of activities that will need to be undertaken in the 2020s to enable implementation of
conversion of the network to hydrogen on the timescales set-out in this report has been developed.
Some of these activities relate directly to assuring the components in the Firstgas network are suitable
for operation with hydrogen, some relate to equipment owned by third parties and some relate to the
3

Depending on the number of compressors that will be installed, this component could represent a
saving, compared with the cost of the current natural gas network.
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work required to establish appropriate commercial and regulatory regimes. The roadmap identifies
those activities that Firstgas are best placed to lead, and those that we believe other stakeholders are
best placed to lead. A summary of the roadmap is provided in Table 4 below.
While some of the activities in the roadmap depend on the outcomes of international research
programmes or prior activities in the roadmap, it is clear that some trial work will be required in New
Zealand and in broad terms the type of testing likely to be required. On this basis, an initial scope of
facilities that will be required for off-grid testing of components and criteria for live demonstration network
testing have been identified. An overview of these demonstrations is provided in Table 4.
Table 3: Trials overview
Distribution Network
Test Facility (Off-Grid)

Distribution Network
Trials

Transmission Network
Test Facility (Off-Grid)

To be constructed within one
of Firstgas’ existing operational
sites and be designed to test
components and distribution
pipelines
on
blends
of
hydrogen/natural gas through to
100% hydrogen. Particular
focus will be on components of
the New Zealand network not
covered by other overseas
research programmes.

The initial trials will see the
introduction
of
hydrogen
blends, starting with 5%
hydrogen by volume and
gradually increasing to 20%. To
enable live-network trials a
hydrogen
injection
and
blending facility
will
be
constructed,
which
could
include hydrogen
production
facilities. Several
potentially
suitable locations have been
identified.

Firstgas has identified suitable
currently unused sections of
the network to use as a
transmission test facility. The
test facility will be designed to
allow
network
operating
conditions to be replicated,
enabling
any
gaps
in
knowledge from global R&D
programmes to be addressed.

There are a number of activities that we recommend Firstgas plan to initiate straightaway:
•

Design of test facilities

•

Detailed cataloguing and assessment of the impacts of hydrogen on materials in the network
complemented by materials assessment for other distribution network owners

•

Investigating the consumer equipment connected to the networks for the impact of hydrogen

This work, together with close monitoring of the progress being made on gas network trials
internationally such that the findings can be used to inform and prioritise in-country research, will ensure
that any risks to consumers related to any live network trials are minimized.
There are a number of other areas that should be addressed as a priority:
•
•
•
•

Reviews of the regulatory regimes
Developing commercial arrangements;
Building public acceptance; and
Monitoring global research around potential disruption caused by the conversion of industrial,
commercial and domestic appliances, as well as performing trials specific to New Zealand.

While Firstgas is a key player in these discussions, it would be more appropriate for these activities to
be led by others, such as regulators or other public bodies, to avoid conflicts of interest. We recommend
that a research hub is established, led by a third-party organisation, to ensure that international RD&D
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programmes are quickly and efficiently fed into ongoing work in the hydrogen space. Third-party
ownership of the hub will ensure impartiality and help to gather broad support for its activities.
The roadmap of activities set-out in Table 4 has been developed to align with the outcomes of relevant
international research programmes. The roadmap indicates that if work begins immediately, trials could
be completed by 2026, paving the way for the first commercial flows of hydrogen through the gas
network by the end of the decade ensuring that New Zealand is well-placed to roll-out hydrogen as part
of its approach to energy sector decarbonisation.
Our key assumptions and recommendations
The analysis presented in this report is predicated on a number of important assumptions, for example
regarding the build-up of demand for hydrogen over time, the way that hydrogen will be produced and
stored in New Zealand, the timescales for conversion of the network – first to a blend of hydrogen and
natural gas and then to pure hydrogen – as well as a range of key cost and technical parameters. We
believe the assumptions are reasonable and are based on the best available evidence, however we
recognise that further work is required to confirm these assumptions and investigate certain areas in
greater detail. Table 5 highlights those assumptions that we believe are the most significant in terms of
the findings of the study and, for each of these assumptions, we recommend further work or other
actions that are needed.
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Table 4: Summary roadmap of trials and supporting activities needed to enable introduction of hydrogen to the networks on a commercial basis
Activity

Led by

Description

2021

2022 2023 2024 2025 2026 2027 2028 2029 2030

Research Hub

Others

Centre to scan ongoing research and connect
stakeholders with this research.

Multiyear programme commencing 2021

Public
Acceptance

Others

Building acceptance of safety and ensuring
support for hydrogen as a decarbonisation
option.

Multiyear programme commencing 2021

Consumer
Equipment
Assessment

Firstgas

Assessment of the types of connected
equipment to understand how this will operate
under a hydrogen blend or 100% hydrogen.

Materials
Assessment

Firstgas

Verification of the nature and quantities of all
materials on transmission and distribution
networks

Technical
Evidencing

Firstgas

Demonstration that the materials and
components in the existing gas networks can
operate on hydrogen blends/100% hydrogen.

Off-grid
Distribution
Facility
Distribution
Network
Trials
Off-grid
Transmission
Facility

Regulatory
Change

Regulators Changes in regulation to allow for hydrogen

Safety
assessment

Firstgas

End-to-end quantitative risk assessment

Commercial
Arrangements

Others

Changes to commercial, metering and liability
arrangements

Conversion
Strategy

Firstgas

Detailed planning of the conversion of the
network.

Network
Modifications

Firstgas

Developing the programme of works for the
modification of network to be ready for
hydrogen blends/100% hydrogen and phasing
to match the conversion strategy.

Operating
Procedures

Firstgas

Amendments to operating procedures to
reflect operation on hydrogen blend/100%
hydrogen.

Multiyear programme commencing 2021

Multiyear programme commencing 2021
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Table 5: Key assumptions that have informed the analysis and recommendations for further work required to investigate areas of uncertainty

Topic

Key Assumptions

Recommendations

Hydrogen demand and network conversion strategy
Hydrogen
demand

The overarching driver for our demand assumptions is the drive Develop a whole system energy model for New Zealand,
toward achieving a Net Zero carbon energy system by 2050. combining modelling of electricity and gas systems, in order to fully
The role that hydrogen plays within that has been developed assess the benefits of an integrated energy system approach.
for each of our scenarios on the basis of assumptions for the
extent to which hydrogen is taken up in different sectors,
alongside assumptions for the amount of demand that is met
by renewable electricity. For the purpose of this study into the
feasibility of converting the gas network to serve these
hydrogen demands, we have developed these scenarios ‘topdown’ rather than undertaking ‘bottom-up’ modelling of
consumer demand or an economic optimisation.

Network
conversion

In developing our timeline for network conversion, we have
assumed that full conversion to hydrogen will be required
by 2050, to align to the New Zealand government
commitment to Net Zero by 2050.
The timeline for the start of converting to hydrogen blends
and ultimately 100% hydrogen reflects when we
anticipate global and "in country" research will deliver the
technical evidence required to demonstrate that the gas
networks can be safely converted to hydrogen. Our
modelling has assumed that hydrogen storage will be
required from 2045, based on an optimised conversion
strategy.

We note that target dates for net-zero may evolve and there may
be other drivers for the development of hydrogen in New Zealand,
for example as part of the strategy to provide dry winter resilience
in the power sector.
The timelines described in this report represent one particular
vision, however other pathways may be possible. We recommend
that the conversion strategy and associated timelines are
reassessed in light of different drivers as they arise.
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Hydrogen production and storage
Hydrogen
production

Hydrogen supplied to the gas network is entirely 'green'
hydrogen, e.g. produced via electrolysis using renewable
electricity generation. We have assumed that sufficient
renewable generation can be installed within New
Zealand - the capacity of onshore and offshore wind
generation deployed is capped at around 19 GW, while
no cap has been applied to the amount of solar capacity

Continued assessment of the resource potential for wind
generation in New Zealand, as the economics of wind generation
evolve. Undertake an assessment of economic solar capacity to
identify the total economic potential. On this basis, assess the
feasibility of meeting New Zealand's demand for renewable
electricity generation across the power sector and for production of
hydrogen.

Hydrogen
production

A GW-scale global electrolyser market develops during Monitor development of the global electrolyser market, technology
the 2030s, providing adequate supply capacity to support improvements and costs. New Zealand government to consider
installation of up to 10 GW of electrolyser capacity within support for development of a local supply chain.
New Zealand over the period to 2050.

Hydrogen
storage

We have assumed that suitable geological storage sites
can be developed in the Taranaki region to provide
hydrogen storage of the required capacity. Our
assumption that geological storage will be suitable for
hydrogen storage is based on the current status of global
research in this area.

Research should be undertaken to identify specific locations with
suitable geological formations for hydrogen storage. Investigation
will be required to confirm the integrity of identified geology and
how storage can connect to the transmission network. We
recommend a watching brief on developments in the research of
alternative forms of bulk hydrogen storage, for example as
ammonia, and consideration of undertaking research on cost and
feasibility within New Zealand.

Hydrogen
storage

The storage facility has been modelled to be operational
from 2045, based on the expected ramp-up of hydrogen
demand and the assumed conversion timeline for the gas
network to hydrogen. Large-scale hydrogen storage
could be developed earlier than this if the drivers were to
exist, for example earlier provision of dry year resilience.
No new large-scale electricity storage is assumed to be
developed over the period to 2050 in this analysis.

Develop a more detailed, integrated gas and electricity system and
market model, over the period to 2050. This model could consider
the contribution of hydrogen to dry year resilience and also provide
further insights into electrolyser operation and costs of hydrogen
production.
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Hydrogen
production

The cost of electricity is a key driver of the cost of
hydrogen produced by electrolysis. A large amount of
renewable generating capacity will need to be installed to
generate the required quantities of hydrogen; hence we
assume that much of the electricity used is from
'dedicated renewables', such that the price paid is close
to the generation cost.

As above – the integrated model of the electricity and gas system
and associated markets will provide further insights into
requirements for renewable electricity generation within the system
and the price of electricity available for electrolysis.

Network upgrade / build costs assumptions
Network
Our assessment of the suitability of the assets that make
compatibility
up New Zealand's transmission and distribution networks
with hydrogen for repurposing for hydrogen is based on the current
status of global research.

Further research should be undertaken to demonstrate the
suitability of existing assets for conversion to hydrogen blends, and
ultimately 100% hydrogen operation. We recommend that Firstgas
closely monitor and asses the outcomes of ongoing and future
planned global research to assess its applicability to New
Zealand's gas network.
Global research programmes will not fulfil all gaps in knowledge
and recommend Firstgas initiate a demonstration programme to
provide the remaining technical evidence required to demonstrate
the integrity and safe operation of a future hydrogen network.
Section 11 provides detail of our recommendation for the
demonstration programme required.

Network
modelling

We recommend further modelling is carried out on each of New
Zealand's distribution networks to ascertain the capacity of the
networks for conversion to blends and 100% hydrogen. Once
detailed modelling of the remaining networks is completed the
conversion costs should be updated to reflect the actual network
reinforcement requirements

Due to the individual complexity and configuration of New
Zealand's distribution networks, it was considered
impractical to model the impact of blends and 100%
hydrogen on the capacity of each network. As our base
assumption we have modelled the conversion of the
Firstgas Hamilton network as a "typical representative"
distribution network.
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Building
pipework
suitability

We have assumed that internal pipework in domestic
properties will be suitable for the introduction of blends
and 100% hydrogen. This assumption is based on the
current status of global research, such as the UK's
Hy4Heat programme.

Hydrogen

We have assumed that "hydrogen ready" / hydrogen We recommend that Firstgas consult with the appliance
appliances will be commercially available prior to the manufacturers to ensure alignment of timelines for the conversion
planned conversion to 100% hydrogen. Our assumption strategy
is based on the current status of manufacturer
development programmes currently underway.

ready boilers

Hydrogen
appliances

We recommend that the current and planned research and
demonstration programmes are closely followed, and the
outcomes assessed against New Zealand's housing stock. Further
"in country" research / demonstration programmes may be
required to address any residual technical evidencing
requirements.

We have assumed that the vast majority of existing We recommend a detailed assessment is made of the domestic
domestic appliances and industrial combustion appliance and industrial combustion stock in New Zealand, to
equipment will be able to safely operate on blends of ensure the global research is applicable.
hydrogen, up to 20% by volume, without modification. Our
assumption is based on the current status of research
and demonstration projects.
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6 Introduction
6.1 New Zealand Emissions and Zero Carbon Commitment
In November 2019, the government passed the Zero Carbon Act, committing the nation to reducing its
carbon emissions to achieve Net Zero by 2050. This Act provides a framework to support New
Zealand’s commitments under the Paris accord as it:
•

•
•
•

sets a new domestic greenhouse gas emissions reduction target for New Zealand to:
o reduce net emissions of all greenhouse gases (except biogenic methane) to zero by
2050
o reduce emissions of biogenic methane to 24–47 per cent below 2017 levels by 2050,
including to 10 per cent below 2017 levels by 2030
establishes a system of emissions budgets to act as steppingstones towards the long-term
target
requires the Government to develop and implement policies for climate change adaptation and
mitigation
establishes a new, independent Climate Change Commission to provide expert advice and
monitoring to help keep successive governments on track to meeting long-term goals4.

To support this commitment the government has developed the renewable energy strategy shown in
Figure 4. Hydrogen is a key part of this strategy as it has the potential to decarbonise high temperature
process heat, heavy vehicle transport and contribute to a 100% renewable electricity system. To provide
further detail on the role of hydrogen in New Zealand’s zero carbon future, the Government released
its Vision for Hydrogen in the New Zealand Green Paper in 20195, with the development of a full strategy
document ongoing.

4

https://www.mfe.govt.nz/climate-change/zero-carbon-amendment-act
https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-strategies-for-new-zealand/a-vision-forhydrogen-in-new-zealand/
5
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Figure 4: MBIE renewable energy strategy for New Zealand 6

The Vision sets out the potential roles for hydrogen as:
•

Harnessing our renewable energy potential

•

Energy storage and distribution

•

Resilient energy system

•

Decarbonising mobility

•

Decarbonising industrial processes

•

Decarbonising gas for heating and power

•

Energy export opportunity7

Firstgas’ transmission and distribution infrastructure is critical to realising this Vision as it will allow
reliable, low-cost transportation of hydrogen.
In 2018 New Zealand’s gross emissions were 78.9 Mt CO2e8. Key sources of emissions were:
•

Road transportation 15 Mt CO2-e (21.1%)

•

Electricity and heat 3.3 Mt CO2-e (4.2%)

•

Industrial processes 5.2 Mt CO2-e (6.5%)

With the energy sector contributing 40.5% of total emissions there is a pressing need to explore zero
carbon energy options such as hydrogen to reduce emissions.

6

https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-strategies-for-newzealand/#:~:text=The%20renewable%20energy%20strategy%20work,opportunities%20for%20business%20and%20consumer
s.
7 MBIE, 2019, A Vision for Hydrogen in New Zealand, p.13.
8 https://www.mfe.govt.nz/sites/default/files/media/Climate%20Change/new-zealands-greenhouse-gas-inventory-1990-2018snapshot.pdf
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6.2 About Hydrogen
Hydrogen is the most abundant chemical substance in the universe, constituting roughly 75% of
all mass. In its plasma state, hydrogen provides the energy for our sun and stars, combined with other
elements hydrogen is all around us in our everyday lives. Due to this propensity to combine with other
elements, hydrogen gas does not exist in large quantities on earth, hence it needs to be produced by
splitting other materials that contain hydrogen, such as water or hydrocarbons. Producing hydrogen in
this way consumes energy, so hydrogen can be considered an energy storage medium (sometimes
referred to as an ‘energy vector’) rather than a source of energy. Nonetheless, once produced,
hydrogen can be used as a fuel in a wide variety of applications. Some of the features of hydrogen that
make it a good substitute for natural gas in many applications are shown in Figure 5, below.

Figure 5: Characteristics and applications of hydrogen9
Hydrogen combustion can be used to generate heat and power – just like natural gas. But unlike natural
gas, the combustion of hydrogen does not produce carbon dioxide, which is the main contributor to
global warming. It is stable and therefore can be stored to provide energy when it is required – just like
natural gas. Hydrogen can also be used in fuel cells to generate electricity.
By mass hydrogen has the highest energy storage properties of all conventional fuels. However, due
to its low density at ambient temperature, it provides much lower energy per unit of volume, e.g. per
cubic metre, than natural gas. Table 6 below compares the two gases and shows the potential for
hydrogen as a substitute for natural gas.
Table 6: Comparison of natural gas and hydrogen
Unit

Hydrogen (H2)

Natural Gas (CH4)

Molecular Weight

-

2.02

16.04

Density (@15 °C)

kg/Nm³

0.0855

0.6786

kJ/kg

142.0

55.0

kJ/Nm³

45.9

50.01

-

91.6%

100%

LFL

% by volume of air

4

4.4

UFL

% by volume of air

75

16.4

MJ

0.016 @ 28%

0.21 @ 8.5%

HHV
Wobbe Index
Wobbe Index Ratio

Minimum Ignition Energy

9

ARUP https://www.arup.com/news-and-events/positioning-green-hydrogen-in-new-zealands-energy-future

25

New Zealand H2 pipeline feasibility
Technical Report
Hydrogen and natural gas can also be burned as a blend. Prior to natural gas being discovered in
Taranaki, “town gas” was used in the gas networks. This gas was produced from the gasification of
coal and contained up to 50% hydrogen. Converting to natural gas from town gas required changing
appliances. Based on the current status of global research, it is anticipated that blends of up to 20%
hydrogen can be used without changing domestic appliances.
Hydrogen has a significantly lower calorific value (in kJ/m3) than natural gas (approximately one third).
This means that to deliver the equivalent amount of energy you need approximately 3 times the volume
of gas. This has an impact on the capacity of the network to transport the equivalent amount of energy
and the configuration and suitability of existing combustion equipment which we have assessed in this
report.
Because hydrogen has a much lower density than methane it has a higher propensity to leakage,
approximately 280% higher than methane. However, again due to its lower density it disperses much
faster in atmospheric conditions than methane. These differences in the characteristics of the two gases
could impact existing equipment and assets that make up the gas networks, an assessment of the
potential impacts and the technical evidencing required to assess and alleviate the impacts are detailed
within this report.
Both hydrogen and methane need to combine with oxygen to ignite. This is measured by the Lower and
Upper Flammable Limits (LFL and UFL) shown in Table 6. This data shows that hydrogen has a wider
flammable range, also requiring less energy input for ignition than natural gas. Hydrogen also burns at
a higher temperature and has a faster flame speed in comparison to natural gas. These differences
could impact the safe operation of the gas network, an assessment of the potential impacts and
technical evidencing required to address these differences is detailed in the report.

6.3 How can hydrogen decarbonise energy systems?
While natural gas provides over 20% of New Zealand’s total energy consumption 10, hydrogen has
potential to decarbonise far more applications than are currently fuelled by natural gas. The postponed
2020 Tokyo Olympics was due to showcase hydrogen, with the athlete’s village, stadia, transport and
even the Olympic flame being powered by hydrogen 11. This is parallel to an export project that takes
waste brown hydrogen from Brunei to Japan for use as proof of concept for long distance transport of
hydrogen12.
The key ways that hydrogen can be used in energy systems are:
•

Power generation – either combustion or use in fuel cells to generate electricity. As hydrogen
can be stored, this allows electricity to be generated to meet peak demand and cover dry year
risk.

•

Process heat – combustion of hydrogen to produce heat - particularly high temperature
process heat where electrical heat sources are not practical.

•

Space and water heating – combustion of hydrogen to produce heat and allow the continued
efficiency benefits of instantaneous hot water systems.

•

Industrial feedstock – around 30% of our natural gas is currently consumed in industrial
feedstock13. Where appropriate hydrogen can be used as a replacement for natural gas.

•

Transport - Fuel Cell Electric Vehicles (FCEV) and direct combustion in internal combustion
engines, can be used to decarbonise transport. This is especially important in the hard to

10

Gas Industry Company, 2016, NZ Gas Story, p6. https://www.gasindustry.co.nz/about-the-industry/nz-gasstory/document/5806
11 https://www.metro.tokyo.lg.jp/english/topics/2020/0219_01.html
12 https://www.mitsubishicorp.com/jp/en/bg/power-solution-group/project/between-brunei-and-kawasaki/
13 Ibid. p8.
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electrify transport such as heavy vehicles, rail and fleet vehicles that are in constant usage and
cannot afford to be off the road for extended periods whilst batteries are charged. Currently
there are networks of hydrogen filling stations being established – with over 60 stations in
Germany alone. In New Zealand, Hiringa Energy is establishing a New Zealand network 14.
Our work will seek to understand if those stations can be supplied by our pipelines.
•

Storage of energy – hydrogen can be stored indefinitely as it is stable (like natural gas) and
can therefore provide the same flexibility benefits as natural gas for the energy system. Storage
is increasingly important in supporting a renewable electricity system where renewable
generation from wind and solar can be intermittent and dry years can put hydroelectric
generation potential at risk. Hydrogen storage could also provide export potential for New
Zealand if stored hydrogen wasn’t required to mitigate the dry year power generation risk.

Figure 6: A hydrogen vision15

These applications have the potential to interact with Firstgas networks. By providing lower cost
transportation of hydrogen through pipelines, there is potential to decrease the cost of conversion to
hydrogen.
We see the interaction with the electricity sector and maintaining flexibility of electricity generation as
particularly relevant to New Zealand. Hydrogen production could provide a demand for excess
renewable power generation at times when there is low demand for power, with hydrogen injected into
the gas network or into storage for use at another time. Even with careful system balancing the onset
of new sources of renewable generation to meet peak demand will inevitably lead to generation “spill”
and underutilised generation capacity.
The stored hydrogen could then be converted back to power to meet peaks in demand, in the same
way natural gas currently provides flexible, responsive power generation capacity. Hydrogen can be
stored within the gas network as ‘line pack’ – our modelling has assumed 50GWh of line pack storage
capacity within the transmission network. By comparison, the largest battery storage facility in the
14

https://www.hiringa.co.nz/refuelling-network
McKinsey&Company https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/hydrogen-the-next-wavefor-electric-vehicles
15
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world, the Gateway Project in San Diego California (shown in Figure 7 below), is capable of storing
between 1 and 1.5 GWh of energy. We see the potential reuse of the gas network as providing much
greater efficiency than battery build out at that scale.

Figure 7: Gateway battery storage facility
The use of hydrogen to provide closer integration between the electricity and gas networks – referred
to as ‘sector coupling’ – may therefore provide power grid security and resilience, without the need for
building redundancy in generation capacity. It may play a key role in resolving the challenges presented
from increased intermittent generation (wind and solar), electrical storage and New Zealand’s “dry year”
risk.

6.4 How is hydrogen produced?
As described above, hydrogen is rarely found in its pure state on earth due to its tendency to combine
with other elements. Combined with oxygen, it is water (H2O). Combined with carbon, it forms
hydrocarbons, such as methane (CH4), coal, and petroleum. It is found in all growing things (biomass).
Hydrogen can be produced using several different processes. Thermochemical processes use heat
and chemical reactions to release hydrogen from organic materials such as fossil fuels and biomass.
Water (H2O) can be split into hydrogen (H 2) and oxygen (O2) using electrolysis or solar energy.
Microorganisms such as bacteria and algae can also produce hydrogen through biological processes.
Currently, there are two main methods for producing hydrogen at scale:
1. Electrolysis of water
2. Methane reforming

6.4.1 Electrolysis
Water electrolysis produces hydrogen by passing an electric charge through water. 9L (kg) of water
and 59 kWh of electricity16 are required to produce 1kg of hydrogen. The products of the process are
hydrogen and oxygen. The process dates back to 1789 when Dutch merchants Jan Rudolph Deiman
and Adriaan Paets van Troostwijk using an electrostatic generator to produce an electrostatic
discharge between two gold electrodes immersed in water. Later developments by Johann Wilhelm
Ritter exploited Volta’s battery technology and allowed separation of the product gases.
The three main electrolysis technologies are distinguished according to the electrolyte used in the
electrolysis cell:
1. Alkaline electrolysis with a liquid electrolyte

16

Using an electrolyser with 67% efficiency.
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2. Proton Exchange Membrane (PEM) electrolysis with a solid electrolyte (a polymer)
3. High-temperature steam electrolysis with a solid oxide as the electrolyte
The most commonly used electrolyser technology to-date has been alkaline electrolysis, which has a
long history in the chemicals industry. However, more recently PEM electrolysers have attracted
interest due to their high efficiencies and ability to operate at high pressures. PEM electrolysers may
also provide better dynamic response and ability to operate efficiently at part-loads, which makes then
attractive for coupling with variable energy sources such as wind or solar. Much of current research
interest and demonstration projects on large-scale electrolysis using renewable energy sources is
focussed on PEM electrolyser technology.

6.4.2 Methane reforming
There are two main ways to produce hydrogen from natural gas: Steam Methane Reforming (SMR) and
Auto Thermal Reforming (ATR). Both processes consist of heating the gas to between 700–1100°C in
the presence of a catalyst and produce carbon dioxide as a waste gas in the process.
Steam Methane Reforming uses an external source of hot gas to heat tubes in which a catalytic reaction
takes place that converts steam and methane into hydrogen and carbon monoxide (syngas). The
syngas reacts further to give more hydrogen and carbon dioxide in the reactor. The carbon gases are
removed before use by means of pressure swing adsorption (PSA) with molecular sieves for the final
purification.
Auto Thermal Reforming uses oxygen and carbon dioxide or steam in a reaction with methane to
form syngas. The reaction takes place in a single chamber where the methane is partially oxidized.
The main difference between SMR and ATR is that SMR only uses oxygen via air for combustion as a
heat source to create steam, while ATR directly combusts oxygen.
Historically, SMR has been the most widely used process for hydrogen generation by the reformation
of natural gas. However, due to the promise of improved efficiencies, the expectation is that ATR will
become the preferred technology choice for large-scale hydrogen production in the future.

6.4.3 Current hydrogen production
In 2019, approximately 70 million tonnes of hydrogen was produced worldwide for various uses, such
as, oil refining, ammonia production, methanol production and transport fuel. The hydrogen generation
market is valued at US$115 billion. Within this market, global hydrogen production from electrolysis
accounting for less than 1% of global hydrogen production.17
In New Zealand, hydrogen is already produced and used in industrial processes such as oil refining
and methanol production.
There are numerous classifications for hydrogen produced from the different production methods, the
main classifications are:
•

Green Hydrogen – produced through electrolysis from renewable electricity

•

Blue Hydrogen – predominantly produced from reforming methane with carbon capture

•

Brown Hydrogen – predominately produced from reforming methane without carbon capture

There are other emerging colours of hydrogen to account for the carbon intensity of power and the
potential for generation from nuclear energy sources to be accounted for differently. In this report we
will use the three classifications above.

17

https://www.iea.org/reports/the-future-of-hydrogen
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Most of the hydrogen produced globally is classified as “brown” hydrogen, produced from methane
reforming. This is because the CO2 produced in the process is discharged directly to atmosphere.
The New Zealand Government Vision for Hydrogen in New Zealand Green Paper identifies green
hydrogen as New Zealand’s preferred strategy for hydrogen production due to availability of renewable
electricity for electrolysis. It has therefore been selected as the base case for this report. Comparison
of costs for blue hydrogen have been given in this report for information.

6.5 Hydrogen Storage
Over and above the inherent storage capacity in New Zealand’s gas network, there are many options
for bulk energy storage as hydrogen. Hydrogen can be stored as a gas, a liquid or bound to other
chemicals:
•

Gas - either be in high-pressure tanks (350–700 bar) or in geological formations. This is similar
to the storage of natural gas as compressed natural gas and in underground gas storage
reservoirs (such as Ahuroa). Hydrogen can then be handled in a similar way to natural gas.

•

Liquid - requires cooling the gas to below its boiling point −252.8°C using similar processes to
liquefied natural gas (LNG) production. Hydrogen can then be handled in a similar manner to
LNG.

•

Chemical - stored on the surfaces of solids (e.g. metal-organic frameworks), or within solids
(e.g. complex hydrides), attached to chemicals (e.g. toluene) or as chemicals (e.g. ammonia).
These types of storage mechanisms allow hydrogen handling to follow existing materials
handling rules for these substances.

Due to the volumes of storage that would be required for conversion of the natural gas network, the
most attractive storage option would be in geological structures. Globally, there are currently many
projects being undertaken to prove the viability of hydrogen storage in depleted hydrocarbon reservoirs
and other geological formations. It is envisaged that the technical evidencing required to demonstrate
the safety and security of this method for storing hydrogen will be available in the next few years.

6.6 The role of Firstgas networks
Firstgas networks deliver 20% of New Zealand’s primary energy demand. The extensive networks in
the North Island – the Firstgas networks and distribution networks owned by Powerco, Vector, GasNet
and Nova Energy – reach all major centres as shown in Figure 8. As such Firstgas has a substantial
part to play in decarbonising New Zealand’s energy system. The key contributions in decarbonising
New Zealand will be providing:
•
•
•
•
•
•
•
•

Storage in the Firstgas transmission pipeline network to support intraday and weekly flexibility
Connection to hydrogen storage for seasonal flexibility
Low cost transportation of hydrogen as a transport fuel, especially “difficult to electrify” transport
applications
Low cost transportation of hydrogen as an energy source for “difficult to electrify” industrial
processes
Systems to manage specification, measurement and gas safety
Commercial chain of custody between producers and users
Minimising cost barriers to connection to ensure that gas users can operate at lowest cost
Management of hydrogen blend prior to 100% hydrogen operation
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Figure 8: Firstgas transmission network
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7 Our projection of New Zealand’s energy demand
This section sets out our hydrogen supply and demand scenarios and how we developed them. Each
of these scenarios allowed us to understand how energy and hydrogen might be used in a decarbonised
New Zealand energy sector in 2050. These scenarios formed the basis of our modelling of the gas
network.
We also outline why we have selected our core scenario for the report. Further information on all
scenarios is given in Appendix 13.2.

7.1 Business-as-usual energy demand
In order to understand how hydrogen can shape New Zealand’s future energy demand and mix, we
need to first understand how energy demand will evolve in a business-as-usual scenario. Future energy
demand is expected to depend on population growth, energy consumption per person, as well as
technology implementation, environmental awareness and other economic drivers.
Assuming a continuation of economic and policy settings, as well as current technologies and fuel
choices, a projection of future energy demand in New Zealand for the main sectors was developed,
based on MBIE’s projections reported in New Zealand’s Energy Outlook 2011. The published
projections, which extend to 2040, have been further extrapolated with linear trends to 2050.
Energy demand in the residential and commercial sectors is expected to grow the most, with a 24%
and 36% demand increase respectively by 2040. Energy demand from the transport sector would
further increase by 14% in the same timeframe, assuming no variation from the current fleet
composition.
In a business-as-usual scenario, in which the way energy is utilised does not change, total annual
energy demand in New Zealand increases from the current figure of 166 TWh to 190 TWh in 2040 and
204 TWh in 2050. This energy trend would therefore need to be matched by a larger energy supply and
the reinforcement of the energy delivery infrastructure in order to meet demand.
However, energy demand could be greatly reduced through the introduction of more energy-efficient
technologies based both on electrification and on the use of hydrogen.

7.2 Our hydrogen scenarios
The future role of hydrogen in New Zealand’s economy and the potential future demand for hydrogen
were investigated through a set of scenarios- each representing a variation of a decarbonised New
Zealand energy sector by 2050.
Three main scenarios were developed in this study, representing the outcome of different government
actions and energy policy decisions:
High electrification

➔

Electrification is the preferred strategy for the decarbonisation
of energy

High hydrogen

➔

Both hydrogen fuel switching and electrification contribute to
energy decarbonisation

Integrated energy system

➔

The electricity system and a 100% hydrogen gas network
operate as an integrated system

The scenarios are based on a set of assumptions around future government support and policies for
the decarbonisation of energy, as well as the role of consumer choice, which will influence the type of
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low-carbon fuels and technologies that will prevail in the coming decades. The scenario descriptions
are given in Appendix 13.2.
A summary of the outcomes of these assumptions, including hydrogen demand and infrastructure
requirements of each scenario, is given below.

7.2.1 High electrification scenario
This scenario assumes that technology progress and government policy favours the development of a
decarbonisation pathway predominantly based on the electrification of energy demands rather than the
development of a hydrogen economy. Hydrogen will have a secondary role, complementing a
widespread development of electrification in all sectors. The modest hydrogen demand will be supplied
through electrolysis from renewable power at a regional level.

Table 7: Key characteristics defining the high electrification scenario
Assumptions

Technological progress will favour electrical solutions, by offering cost
competitive electrical appliances and through cost reductions in electrical
storage. Government will introduce policies to support investment in renewable
power generation and manage intermittency. Little to no government
interventions will be aimed at supporting hydrogen as a primary decarbonisation
pathway. Government will support the investment required to build additional
capacity and resilience in the power transmission and distribution networks to
meet additional demand. Such investments may need to support the
development of large-scale dispatchable capacity, which could be provided e.g.
through the proposed pumped hydro scheme at Onslow-Manorburn.18

Hydrogen
demand

Some domestic customers will likely choose to remain on gas, thus transitioning
from natural gas to hydrogen, but some will change to electric appliances.
Similarly, some industrial process heat customers currently operating on natural
gas will convert to hydrogen, while some will switch to electric options. Little to
no public hydrogen refuelling facilities will likely be developed, and hydrogen in
the transport sector would only be utilised in specific user groups, such as heavy
vehicles, rail and marine vehicles.

Hydrogen
infrastructure

Hydrogen will be delivered to grid-connected consumers via the distribution
networks. Hydrogen will be produced via electrolysis based on regional demand,
occasionally using constrained renewable power.

Hydrogen supply chain components

18

Bardsley 2005 Note on the pumped storage potential of the Onslow-Manorburn depression, New Zealand

33

New Zealand H2 pipeline feasibility
Technical Report

7.2.2 High hydrogen scenario
This scenario assumes that technology progress and government policy will promote a decarbonisation
pathway consisting of both the development of a national hydrogen economy and expansion of
renewable power generation capacity. Hydrogen production by electrolysis from renewables occurs
both at regional and national level, exploiting the national gas transmission network for hydrogen
delivery.

Table 8: Key characteristics defining the high hydrogen scenario
Assumptions

Technological progress will allow for a reduction in the cost of hydrogen, e.g., by
offering less energy intensive processes for the electrolysis of hydrogen.
Government will introduce policies to support investment in hydrogen production,
conversion of existing gas transportation infrastructure and the development of
hydrogen end use apparatus.

Hydrogen
demand

All current domestic gas customers will continue to be connected to the gas
network and be supplied with hydrogen, and most existing industrial process heat
consumers will convert to hydrogen. Hydrogen will also play a key role, alongside
electrification, in decarbonising the transport sector, with most heavy transport
applications converting to fuel cell vehicles and a level of penetration into light
vehicles. Hydrogen will also be utilised as a fuel source for power generation to
provide peak load balancing.

Hydrogen
infrastructure

The existing transmission and distribution networks will be converted to the
transportation of hydrogen. Hydrogen will be produced through electrolysis by
using dedicated renewable power generation sources, also utilising constrained
renewables where available. A network of public hydrogen refuelling facilities will
be developed for both light and heavy transport.

Hydrogen supply chain components
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7.2.3 Integrated energy system scenario
In this scenario, technology progress and government policy will allow to follow a whole energy system
approach based on the concept of sector coupling - integrating the power and gas sectors to develop
a future balanced low carbon energy supply system. Surplus electricity can be stored as hydrogen and
reconverted to power according to demand. Volatile wholesale electricity prices can render the
conversion of electricity into hydrogen economic, provided that the electricity price differences are
sufficiently high to offset the efficiency loss of electrolysis and power generation.

Table 9: Key characteristics defining the integrated energy system scenario
Assumptions

Technological progress will allow for a reduction in the cost of hydrogen.
Additionally, this scenario will require government to introduce policies to support
investment in renewable power generation, hydrogen production and storage, as
well as to facilitate the development of an integrated energy system.

Hydrogen
demand

All current domestic customers will continue to be connected to the gas network
and be supplied with hydrogen, and most existing industrial process heat
consumers will convert to hydrogen. Hydrogen will also play a key role, alongside
electrification, in decarbonising the transport sector, with most heavy transport
applications converting to fuel cell vehicles and a moderate level of penetration
into light vehicles. Hydrogen will also be utilised as a fuel source for power
generation, in a whole energy system approach.

Hydrogen
infrastructure

The existing transmission and distribution networks will be converted to the
transportation of hydrogen. A site for geological storage of hydrogen will be
developed in Taranaki. Hydrogen will be produced through electrolysis of
renewable power generation sources using renewable spill where available. A
network of public hydrogen refuelling facilities will be developed for both light and
heavy transport. There may be a potential for hydrogen exports to other
countries. The existing gas transmission network and connected dedicated
storage infrastructure will provide storage - enabling greater use of intermittent
renewable generation spill as the spilled power can be converted to hydrogen
and stored. Some of the energy stored as hydrogen in the gas system will be
reconverted to electricity to meet demand peaks on the power network and
provide energy security.

Hydrogen supply chain components
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7.3 Projecting energy demand in each scenario
A set of assumptions were developed to describe how fossil fuels in the current energy mix could be
gradually replaced by zero-carbon energy sources (such as hydrogen, electricity and biofuel) for each
scenario. These assumptions were based on the scenario description and allowed us develop estimates
of the conversion of energy to hydrogen by 2050.
The amount of fuel used by type and sector was established based on MBIE Energy balances 19. This
data was reviewed to understand the use of fuel for energy and as feedstock and the potential for
conversion to hydrogen. In making our assessment we assumed that fossil fuels would be replaced in
all sectors, except where it was technically unfeasible. Our assessment was based on the processes
and technologies involved in the fuel consumption in each sector. Finally, the portion of energy demand
to be decarbonised through hydrogen, electrification or biofuels was assigned to each scenario. We
discussed these results with industrial consumers to further refine these fuel conversion estimates.
In particular, it was assumed for all scenarios that:
•
•
•
•
•

There will be no hydrogen demand for the production of methanol.
Hydrogen will replace a portion of the current natural gas for the production of urea and fertilisers.
No hydrogen demand from external networks will be associated with the oil refining sector. Future
hydrogen demand at Marsden Point is likely to be supplied by generation from refinery off-gas.
Tiwai point will not be operating, and its future electricity demand will be zero.
The remaining natural gas is common to all three scenarios.

More details on the final energy demand for each sector and each scenario are provided in Appendix
13.3. A summary of the final energy demand in each scenario is summarised in Figure 9. Despite the
expected increase in population and in the final services provided per person, final energy demand is
projected to reduce in all scenarios by 2050, due to the implementation of appliances and processes
associated with higher energy efficiency (heat pumps, fuel cells, battery electric vehicles, etc.).

Figure 9: Initial and final energy demand for the three investigated scenarios

19

MBIE 2019 Energy balances
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7.4 Our core scenario
For simplicity we chose to model one scenario as our core scenario, to provide clarity in reporting and
to focus effort on the project. The Integrated Energy System scenario was selected as our core
scenario. The results of the other two scenarios are presented in the Appendices 13.2 and 13.3.

Our core scenario:
Integrated energy system
This scenario was chosen out of the three considered scenarios as the one that best performs against
the energy trilemma objectives, being:
•

affordability

•

security

•

environmental sustainability.

All three scenarios perform well on environmental sustainability, achieving deep decarbonisation
through different shares of electrification, hydrogen fuel switching and the use of renewables.
The cost of energy in the three scenarios will depend on a range of variables, such as the cost of
electricity, the integration of renewables and consumer acceptance of technologies. Additionally, the
potential to scale up hydrogen storage to closely match the increasing demand over time contributes to
reducing the cost of energy storage. As a consequence, the cost of hydrogen is expected to be lowest
in the integrated energy scenario, as a result of economies of scale and operational efficiency.
Additionally, in the integrated energy system scenario it will be possible to export excess hydrogen to
other countries, as well as to import hydrogen, further improving security of supply for dry risk years.
Table 10: Assessment of scenarios against the energy trilemma

Affordability

•

Security

•

Sustainability

High
Electrification

High Hydrogen

Integrated Energy
System

Large investment
in system flexibility
/ storage required

Gas system
provides some
flexibility to the
system

Lowest cost
hydrogen and
electricity

Lowest dry year
cover and
predominantly
reliant on single
energy vector

Multiple energy
vectors, greater
energy security

Sector coupling
provides
intermittency and
dry year risk cover;
hydrogen imports

Due to
decarbonisation of
most sectors

Due to
decarbonisation of
most sectors

Due to
decarbonisation of
most sectors
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The integrated energy system scenario performs best among the three also in terms of security of
supply, due to the availability of large-scale interseasonal storage and the integration of the gas and
power networks.
The Integrated Energy System scenario was therefore selected as the focus of the core analysis, as
the implementation of this scenario has potential to bring the greatest economic and operational
benefits for New Zealand’s energy future. Additional information on the high electrification and high
hydrogen scenarios can be found in Appendix 13.2.

7.4.1 2050 energy demand in our core scenario
In our core scenario hydrogen is expected to largely replace natural gas demand in most sectors by
2050. It will also replace a large portion of fossil fuels utilised in transport, especially for heavy vehicles.
Additionally, hydrogen is expected to be able to replace coal in the steelmaking process. Natural gas
demand for the production of methanol in the country is not replaced by hydrogen, due to the reliance
on a large source of CO2 to be used as feedstock in the chemical processes involved. More detailed
information on our assumptions on fuel switching is reported in Appendix 13.2. A comparison of the
energy demand and fuel mix in 2020 and 2050 under the integrated energy system scenario is provided
in Figure 10.
In this scenario, fossil fuels give way to electrification and conversion to hydrogen in relatively equal
proportions. In fact, as a result of the similar cost of electricity and hydrogen, we expect the two energy
vectors to be used according to their technical suitability and assume they are a complementary and
interchangeable.
Two main segments of fuel demand are considered in the study: fuels utilised for energy and fuels
utilised as feedstock (e.g., for methanol production). Natural gas and hydrogen demand in 2050 is
described in Table 11. Hydrogen demand utilised for energy in 2050 amounts to 40 TWh whereas
natural gas demand amounts to 9 TWh, corresponding to a 62% drop from 2020 natural gas demand
for energy.
Table 11: Natural gas and hydrogen demand in 2050
Fuel
destination

Fuel type

Fuel demand

Notes

2020

2050

Natural gas

24 TWh
(85 PJ)

9 TWh
(32 PJ)

Hydrogen

0 TWh

40 TWh
(143 PJ or 1.2 Mt H2)

Natural gas

14 TWh
(51 PJ)

14 TWh
(51 PJ)

Roughly unchanged from
2020. Demand from methanol
and urea production.

Hydrogen

0 TWh

1.2 TWh
(4.3 PJ or 36 kt H2)

New supply for iron reduction
at the Glenbrook Steel Mill.

Natural gas

11 TWh
(41 PJ)

0 TWh

Natural gas CCGTs substituted
by renewable generation.

Hydrogen

0 TWh

0.16 TWh
(0.6 PJ)

Energy
supply

Feedstock

Power
generation

Significant reduction from
2020: -62%. Leftover demand
predominantly from methanol
production.
New supply across all sectors.

Use in hydrogen CCGTs.
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Figure 10: Energy final demand in all sectors in 2020 and 2050 – Integrated system scenario
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7.4.2 Carbon emissions reduction of the core scenario
The impact on carbon emissions of the shift in the fuel mix in the Integrated Energy System scenario is
shown in the figure below. The switch from coal, oil and natural gas to green hydrogen, renewable
electricity and increased use of biofuels, together with the overall demand reduction (largely driven by
the use of electric batteries and hydrogen fuel cells in the transport sector, as well as the utilisation of
heat pumps in industry and the domestic sectors), results in energy sector emissions being reduced to
near zero, with the small amount of residual emissions in 2050 attributable to remaining natural gas use
in industry.

Figure 11: Contribution to carbon emissions reduction from today’s baseline to 2050 (Note that
agricultural, land use, forestry & waste emissions are excluded)

7.4.3 Growth in hydrogen demand prior to 2050
The increase in hydrogen demand is assumed to follow the following order:
•

•

•

Transport demand commencing in the early 2020s – commencing with the Hiringa Energy
refuelling network. Electrolysers will be built at re-fuelling stations connected by road tanker.
The network of refuelling will grow as the hydrogen fleet grows in size. These locations will be
close to transport infrastructure and will act as hubs – not only serving onsite hydrogen
refuellers for vehicles travelling on the highways, but also generating hydrogen to be distributed
by road tanker to a network of smaller refuelling sites.
From the early 2030s we assume blending of gas into the gas network – reaching 20% by
2035. These timescales are dictated by the steps that will be undergone to ensure the safety
of use of hydrogen blends for all consumers, as well as by the technology readiness levels of
various hydrogen appliances.
Between 2035 and 2050 the gas network will convert to 100% hydrogen and large scale
storage of hydrogen will be available from 2045.

The growth in total hydrogen demand over the period from 2020 to 2050 is shown in Figure 12.
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Figure 12: Projection of annual hydrogen demand in New Zealand
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8 Our projections of hydrogen supply
Ramping up hydrogen production capacity to meet the hydrogen demands envisaged in any of our
three scenarios will present a significant challenge. In this section we consider the hydrogen production
infrastructure required to meet the demand in our core Integrated Energy System Scenario, based on
the assumption that the whole hydrogen demand is met with green hydrogen (a discussion of the
infrastructure requirements for ‘blue’ hydrogen, i.e. produced from natural gas with carbon capture and
storage is provided in the Appendices – Section 13.7). We also outline how this interacts with the
electricity system and impacts on water usage.

8.1 Hydrogen supply system
In order to assess the hydrogen production requirements, we developed an hourly model of hydrogen
supply and demand out to 2050. Based on the assumption that hydrogen supply is provided via
electrolysis, a key consideration for the supply infrastructure will be to ensure there is adequate
renewable electricity available to meet the electrolyser demand, while also meeting the anticipated
growth of electricity demand across the economy. The supply and demand model also incorporates an
hourly model of electricity supply and generation to ensure that the interactions between the hydrogen
and electricity systems are captured.
In the following sections we discuss the hydrogen supply infrastructure required to meet our hydrogen
demand projections, focussing on our core scenario (the integrated energy system). This includes
assessment of the electrolyser capacity required to produce adequate quantities of hydrogen and the
appropriate sizing of the large-scale hydrogen storage facility, which is a key part of the conversion to
a 100% hydrogen network in the integrated energy system.

8.1.1 Determining electrolyser and storage capacity
Adequate electrolyser capacity will need to be built to ensure that the demand for hydrogen can always
be met. This will largely be dictated by the growth of hydrogen demand and the amount hydrogen
storage available.
The large-scale demand for green hydrogen, which ramps up in the 2040s in our scenarios, will result
in demand for large amounts of renewable electricity. This will include renewable generation that is
‘spilled’ from the power sector at times of low electricity demand, which we expect to be available at low
cost as it would otherwise be curtailed, as well as generation from additional renewable capacity that
will need to be built to serve electricity demand in the hydrogen sector (i.e. the electricity demand for
electrolysis). Our supply and demand modelling assumes that electrolysers will operate when
renewable generation is available and there is a demand for hydrogen or there is the ability for hydrogen
to be stored, either as line pack in the gas network or in large-scale storage facilities. The availability
of large-scale hydrogen storage will increase the flexibility of electrolyser operation and the amount of
excess renewable generation that can be utilised, reducing the overall cost of electricity for hydrogen
production.
In the Integrated Energy System scenario, a large-scale hydrogen storage facility is constructed and is
assumed to come into operation from 2045. We assume this will be geological storage - potentially
depleted gas fields20 located in the Taranaki area. The timescale for availability of the large-scale
storage, from 2045, is related to the roll-out of the 100% hydrogen network and the timing for conversion
of key pipelines that connect Taranaki to the wider network in the north and south of the North Island

20

Depleted gas fields are considered to be the highest potential option for large scale storage in New Zealand, given the lack of
other geological storage options.
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being converted to 100% hydrogen (the network conversion strategy is discussed further in Section
9.4).
Once large-scale hydrogen storage is available in the Integrated Energy System Scenario, the
electrolysers can operate to fill the store at times of low hydrogen demand. This further decoupling of
hydrogen production from the time of hydrogen demand allows renewable energy generation to be
better utilised, i.e. the levels of ‘spill’ to be reduced. Hydrogen can then be drawn from storage to
supplement production by the electrolysers at times of high hydrogen demand. The availability of
storage therefore reduces the amount of electrolyser capacity and additional renewable energy
generation capacity required to meet the hydrogen sector demand relative to the case without storage.
The operation of the large-scale store to meet demand alongside H2 production by the electrolysers is
shown in Figure 13 below for three timescales: over the year, over the peak demand month and during
the peak day.

Hydrogen sector – daily supply & demand balance
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Operation of electrolysers & storage – Peak month, 2050
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Operation of electrolysers & storage – Peak day, 2050
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Figure 13: Hydrogen production by electrolysers and operation of storage to meet demand –
annual, peak month and peak day timescales (Integrated Energy System Scenario)

8.1.2 Required electrolyser and storage capacity
The electrolyser capacity will be built up over time as hydrogen demand increases. This is relatively
slow over the period to 2040 as hydrogen is only present in the network at up to a maximum 20% blend
(which corresponds to only 7% of energy demand on the network being met by hydrogen) but increases
more rapidly in the decade to 2050 as the network converts fully to hydrogen supply. The supply and
demand model has been used to assess the capacity of electrolysers required to meet hydrogen
demand, while drawing on storage as required.
We assume that the electrolysers operate when there is renewable energy generation available, which
results in electrolysers operating at relatively low utilisation due to the intermittency of wind and solar
energy production. This is a conservative assumption, which will result in a higher estimate of the
required electrolyser capacity than would result if electrolysers were assumed to operate at higher load
factor. For example, we have assumed relatively limited storage in the electricity system provided in
the form of distributed battery storage. If there were larger-scale energy storage in the electricity
system, for example large-scale pumped hydro, this would help to smooth the output of intermittent
renewable generation and could potentially enable higher electrolyser utilisation.
The total electrolyser capacity in the Integrated Energy System Scenario reaches 8.5 GW21 (178
tonnesH2/hr) by 2050. Compared to the current global electrolyser market of around 150 MW, this
clearly represents a very significant electrolyser build programme. However, multiple recent market
studies forecast a rapid ramp-up in the electrolyser market, with a GW per year market expected to
develop in the 2020-2025 period, hence GW-scale installed capacity by 2050 in New Zealand is not
unreasonable. By comparison, electrolyser capacity reaches 9.5 GW in 2050 in the High Hydrogen
Scenario. The larger electrolyser capacity requirement in the High Hydrogen scenario results from the
lack of hydrogen storage, which flattens peaks in hydrogen demand.

21

Note that this is the electrical input to the electrolysers and is equivalent to hydrogen output of 2 million m3/hr.
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The build-up of electrolyser capacity over the period to 2050 in the Integrated Energy System Scenario
is shown in Figure 14 below, together with the utilisation 22 of the installed electrolyser capacity. The
impact of the large-scale storage coming online in 2045 can be seen by the sharp increase in
electrolyser utilisation.

Figure 14: Build-up of electrolyser capacity and utilisation of the installed capacity (Integrated
energy system scenario)
The large-scale storage facility is assumed to be located in Taranaki. The capacity of depleted gas
fields to store hydrogen is large and has not been considered as a constraint on the total storage volume
available. However, the rate at which hydrogen can be extracted from the store to meet demand is
limited by the capacity of the network to transport hydrogen from Taranaki and into the wider network.
Modelling of the transmission network using the Synergi gas network modelling software has identified
a maximum hydrogen flow from Taranaki to the rest of the network of approximately 4 GW (354 Scm3/s)
and so this has been applied as a cap on the maximum rate at which hydrogen can be fed into the
network from the large-scale store.
The storage capacity (i.e. the energy content of the stored gas) and electrolyser capacity in the
Integrated energy system scenario have been assessed on the basis of the dynamics of hydrogen
demand on the network and the availability of renewable electricity to power the electrolysers, with the
objective of minimising the additional renewable generation and electrolyser capacity required to meet
hydrogen demand. The hydrogen storage is also sized such that hydrogen can be used to generate
electricity to meet peak power sector demands and to provide dry year resilience, as discussed further
in Section 8.2.2.
Taking all of these factors into account, the modelling has shown that a hydrogen store of 5 TWh (18PJ)
total useable storage volume and 4 GW (around 15 TJ/h) maximum extraction rate (based on the
Synergi modelling) is appropriately sized for the Integrated energy system scenario in 2050. Increasing
the storage volume beyond this level delivers diminishing returns in terms of improving electrolyser
utilisation and minimising the renewable generation capacity required in the system. The variation in
the level of hydrogen in storage over the year is shown in Figure 15 below for an average year and a
dry year (we assume in both cases that the store is 50% full at the start of the year). The hydrogen
22

Utilisation is the annual output of the electrolysers as a percentage of their maximum annual output if operated continuously.
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store is not fully depleted during the winter period even in the dry year, despite a rapid draw-down on
the stored hydrogen. In an average year the storage level fluctuates, but there is a net increase over
the year, which would allow the level of stored hydrogen to recover following a dry year. This is
discussed further in Section 8.2.2.

Figure 15: Variation of hydrogen storage level for the large-scale storage under Average and
Dry Year conditions

8.1.3 Hydrogen production capacity build-out
We envisage that supply of hydrogen will develop in step with the demand created in different sectors
as they develop according to our scenarios. In the Integrated Energy Scenario (our core scenario) the
order of build out is as follows:
•

•

•

Transport demand commencing in the early 2020s. Electrolysers will be built at re-fuelling
stations connected by road tanker. The network of refuelling stations will grow as the hydrogen
fleet grows in size. These locations will be close to transport infrastructure and will act as hubs
– not only serving onsite hydrogen refuellers for vehicles travelling on the highways, but also
generating hydrogen to be distributed by road tanker to a network of smaller refuelling sites
(these locations are shown in the left panel of Figure 16). This proposed network of refuelling
hubs has been supported by discussions with Hiringa Energy on the likely distribution of
hydrogen demand in the transport sector.
From the early 2030s we assume blending of gas into the gas network – reaching 20% by 2035.
We assume that the locations of the electrolysers would build on the hydrogen transport
infrastructure (as shown in the middle panel of Figure 16).
Between 2035 and 2050 the gas network will convert to 100% hydrogen. The electrolysers
used in the blended network will remain in place and be supplemented to form the network in
the right-hand panel of Figure 16. This assumes large scale storage of hydrogen in Taranaki.

The electrolyser locations have been determined to ensure that the peak demands on the network can
be met without encountering any network constraints, such as unacceptable pressure drops (this is
based on the Synergi modelling, as discussed in more detail in Section 9.2). We assume that the
electrolysers installed for grid injection will produce hydrogen at high pressure, enabling injection into
the transmission network without additional compression. The injection of hydrogen at high pressure
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Refuelling station ‘hub’ locations – sites for onsite
electrolysers to meet transport demands.

Electrolyser locations in 2035 – additional sites for
injection of hydrogen into the transmission
network (20 vol% hydrogen blend).

Electrolysers and hydrogen storage in 2050 –
locations of electrolyser plant and large-scale
storage to feed the 100% H2 network.

Figure 16: Locations of refuelling stations and electrolyser sites through the transition
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at dispersed locations around the network is expected to have a beneficial impact on the requirement
for transmission network compressors. Additional compressor stations will still be required, but the duty
on the compressors should be reduced resulting in reduced operating costs compared to the current
natural gas network.

8.2 Electricity system impacts
The production of ‘green’ hydrogen in the quantities required to meet the demand scenarios described
in this study will have significant implications for the electricity system. We have modelled the
interactions between the hydrogen production system and the electricity system using our supply and
demand model, which includes an hourly representation of supply and demand for both hydrogen and
electricity over the period to 2050. The electricity supply and demand model incorporates electricity
required for electrolysis (the hydrogen sector demand) and electricity demand across other sectors of
the New Zealand economy, including domestic, commercial, industrial and transport demands.
Electricity demand in these non-hydrogen sectors (collectively referred to as the power sector) has been
based on the growth projections in the Whakamana i Te Mauri Hiko (WiTMH) report, modified to reflect
the impact of hydrogen penetration into the sectors where hydrogen and electricity compete, for
example transport and heating.
The supply and demand model has been used to assess the electricity generation capacity required to
meet total electricity demand as the demand for hydrogen ramps up, in particular the capacity of new
renewable generation such as wind and solar. This is described in this section, together with
consideration of the potential benefits for the New Zealand energy system of closer integration of the
hydrogen and electricity systems, as envisaged in our Integrated Energy System scenario.

8.2.1 Electricity generation
In our scenarios, the demand for hydrogen in 2050 ranges from 19.7 TWh in the High Electrification
scenario to 41.4 TWh in both High Hydrogen and the Integrated Energy System Scenario. The
electricity demand in 2050 (excluding demand for hydrogen production) ranges from 79.4 TWh in High
Electrification to 63.2 TWh in High Hydrogen and the Integrated Energy System Scenario, which are
comparable to the electricity demand in the WiTMH ‘Mobilise to Decarbonise’ and ‘Tiwai Exit’ scenarios
respectively.
Table 12: Summary of hydrogen and electricity demands in 2050 in each scenario
Demand in 2050

High Electrification

High Hydrogen

Integrated energy
system

Hydrogen (TWh)

19.7

41.4

41.5

Electricity (TWh)*

79.4

63.2

63.2

*Excludes demand for hydrogen production through electrolysis

Our scenarios assume limited use of bioenergy and some industrial gas use in 2050, but no other fossil
fuels remain in the energy mix (petrol and diesel in the transport sector is entirely replaced by electricity
and hydrogen).

48

New Zealand H2 pipeline feasibility
Technical Report
This represents a significant increase in electricity demand compared to today in all scenarios, requiring
growth in the electricity generation capacity and, over the period to 2050, replacement of the fossil fuel
generating fleet with renewable generating capacity. Production of hydrogen via electrolysis results in
a significant additional demand for electricity, on top of the growth in power sector demand. The growth
in overall New Zealand electricity demand in the Integrated energy system scenario is shown in Figure
17 below over the period to 2050, split into the power sector demand (electricity demand in all sectors
excluding hydrogen production) and the hydrogen sector demand (the electricity demand for
electrolysis).
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Figure 17: Growth of total New Zealand electricity demand (Integrated Energy System Scenario)
We have assumed that the Tiwai Point aluminium smelter is shut down during the period to 2050 in all
scenarios, in line with recent announcements. We can see that in the Integrated energy system
scenario – the most aggressive scenario in terms of hydrogen demand assumptions – the demand from
electrolysers accounts for just under half (44%) of New Zealand’s total electricity demand in 2050.
To meet this rapid growth in electricity demand whilst also decarbonising the power sector will require
a significant increase in renewable generation capacity. The generation capacity required to meet the
total electricity demand in the Integrated Energy System scenario (both power sector and electrolyser
demand) and the corresponding annual generation by each type of plant are shown in Figure 18 and
Figure 19 below, based on our supply and demand modelling.
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Figure 18: Electricity generation installed capacity23 (Integrated Energy System Scenario)
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Figure 19: Electricity generation by source (Integrated Energy System Scenario)

23

The ‘Other’ segment of the generating fleet is not explicitly identified, the WiTMH report describes this segment as follows:
‘Meeting peaks will require a mix of firming technologies including distributed and utility batteries, cogeneration, pumped storage,
hydrogen based thermal plants, or gas with carbon capture and storage’
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The capacities of hydro and geothermal generation are taken from the Whakamana i Te Mauri Hiko
(WiTMH) report projections. The capacity of wind, solar and other generating plant is then sized to
meet the power sector demand before the additional wind and solar capacity required to meet the
hydrogen sector demand is calculated. ‘Other’ generating capacity includes fossil fuel plant in the
earlier years, e.g. gas and coal generating plants that are assumed to be retired over the period to 2050.
Any ‘Other’ generating plant in 2050 is that required to meet the peak power sector demand, which will
need to be met by dispatchable renewable generation such as biomass. In the Integrated Energy
System Scenario there is no requirement for ‘Other’ generating capacity in 2050, as the peaks in power
sector demand can be met by hydrogen-fuelled generating plant.
The capacity of renewable electricity generation required to meet the combined power and hydrogen
sector demand is large – 18 GW of wind and 13.5 GW of solar in the Integrated energy system scenario
by 2050. While substantial, this is less than the generating capacity required in the other two scenarios,
as the availability of hydrogen storage allows more efficient use of the inflexible output from wind and
solar plant, reducing the amount of ‘spill’ of renewable generation. We have assumed a cap on the
total capacity of wind generating capacity that can be installed in line with the MBIE Wind Generation
Stack Update 2020, which identifies a technical potential for onshore and offshore wind in New Zealand
of around 18.5 GW. Due to the wind capacity limit, the High Electrification and High Hydrogen scenarios
require 14.7 GW and 20.5 GW of solar generation respectively. Clearly this corresponds to a substantial
programme of renewable capacity build across all scenarios in order to meet power and hydrogen
sector electricity demands in 2050. The generation capacity for each scenario is shown in Figure 20.
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Figure 20: Installed electricity generation capacity in 2050 for each scenario
The amount of generation capacity required in our scenarios is significantly larger than the generation
capacity forecasts in the Whakamana i Te Mauri Hiko report. This is because we include a significantly
larger final energy demand in our scenarios, which is supplied either directly or by hydrogen generated
by electrolysis. In the WiTMH Accelerated Electrification scenario, the demand for electricity is 70 TWh
in 2050, requiring 21.8 GW of generation capacity. By comparison, in our Integrated Energy System
scenario, total final energy demand is 107.6 TWh in 2050 - 63.2 TWh is met directly by electricity and
a further 41.4 TWh is met by hydrogen (requiring around 50 TWh of additional electricity for electrolysis).
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The additional final energy demand that is met in our Integrated Energy System scenario is due to
greater penetration of hydrogen into the transport sector (particularly heavy-duty vehicles), hydrogen
demand in the industrial sector as well as switching of residential and commercial heating demands
from natural gas to hydrogen. This results in greater decarbonisation of our energy in our scenario than
in the WiTMH scenario.

8.2.2 Integration between hydrogen and power sectors
In all hydrogen scenarios there are interactions between the power sector and the hydrogen sector.
The electricity generation stack required to meet power sector demands (i.e. the demand for electricity
across all sectors, but excluding electricity for hydrogen production) has been based on the generation
capacity projections given in the WiTMH report for scenarios that have similar levels of overall electricity
demand to our scenarios (the penetration of hydrogen in certain sectors in our scenarios means that
the power sector electricity demand does not perfectly map to the WiTMH scenarios). Typically, the
WiTMH projections include a certain amount of annual demand that is met by generating capacity
labelled as ‘Other’ or ‘Firming’ capacity, but the generation technology is not identified. As further
renewable generation capacity is built to meet hydrogen sector demand, the output of this plant could
be available to meet coincident peak power sector demands, displacing ‘Other’ and ‘Firming’ capacity
in the generating stack. At times of surplus generation from the power sector, for example overnight
when electricity demands are lower, the electrolysers will run to produce hydrogen. These interactions
between power and hydrogen sectors occur in all our scenarios.
In the Integrated Energy System Scenario we consider further coupling between the power and
hydrogen sectors, particularly once the large-scale hydrogen storage facility is available. Here we
consider the potential for hydrogen to be used to generate electricity via hydrogen-fuelled thermal plant,
such as combined-cycle gas turbines (CCGT), at times of peak power sector demand. These could be
new plants or conversion of existing plant. As shown in Figure 18 generation by hydrogen CCGTs can
meet all peaking plant requirements in the power sector in 2045 and 2050 in the Integrated Energy
System Scenario (the H2 CCGT capacity required in 2050 reaches 2.75 GW in order to meet peak
power sector demands). Large-scale hydrogen storage and hydrogen CCGTs could play a further
beneficial role in the energy system by contributing toward the management of dry year risk.
The dry year is a periodic and unpredictable feature of New Zealand’s weather system, which manifests
as lower than average winter rainfall and snow melt. This reduces the inflows into the lakes and results
in a corresponding reduction of the available hydro generation. Transpower estimate the dry year risk
to be a shortfall of available generation of around 8 TWh compared to power sector demand over the
winter period. Note that there may be some surplus generation in the summer period, however, the
lack of inter-seasonal electricity storage means that the summer surplus cannot be used to reduce the
winter shortfall. We have modelled the dry year as a 20% reduction of the inflows from rainfall into the
lakes, which corresponds to approximately a 5 TWh reduction of available hydro generation over the
winter.
One potential means of managing the dry year risk is to increase the build of non-hydro renewable
generating capacity, such as wind and solar. The additional capacity of renewables built to meet the
requirements of the hydrogen sector can contribute to managing the dry year problem, although this
does not fully address the issue as some additional dispatchable generation is also required. This
dispatchable capacity could be provided by hydrogen CCGTs. Our modelling has shown that under dry
year conditions, the combination of additional renewable generating capacity and hydrogen CCGTs
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could potentially fully address the dry year issue, although this requires a significant increase in the
capacity of hydrogen CCGTs, calculated in a worst-case scenario to be 8.2 GW24.
In a typical year, we assume that the quantity of hydrogen in storage at the end of the year should be
at least equal to that at the start of the year, so that the storage is not gradually depleted year on year
(if the hydrogen storage level is greater at the end of the year than at the start, as shown Figure 15, this
implies there is an opportunity to serve additional hydrogen demands or potentially export markets). In
a dry year, we allow the hydrogen store to become depleted over the year (i.e. more hydrogen drawn
from storage than is put into the store) but size the overall generation stack such that the hydrogen
storage level could be replenished in the following year25.
Note that our modelling does not assume any additional electricity storage is available, over and above
the levels of battery storage that are consistent with the WiTMH scenarios. Batteries do not contribute
significantly to the dry year issue, but large-scale electrical energy storage such as a pumped hydro
facility could play a substantial role in managing the dry year risk.

8.3 Water consumption
Water demand for the operation of PEM electrolysers is around 12 litres of drinkable water per kg of
hydrogen, although this figure could be higher when using non-drinkable water. An assessment of the
potential environmental footprint of an increased freshwater demand in locations where this may be a
limited resource therefore needs to be undertaken. The management and preservation of the freshwater
ecosystem in New Zealand is not only motivated by environmental concerns, but also by Māori
freshwater values.
Despite the freshwater resource in New Zealand being vast, the nation is also a large consumer with
significant irrigation. National freshwater demand allocation amounted in New Zealand was around 12.8
billion cubic meters in 2017-2018, with demand allocation for the main sectors shown on more detail in
Figure 21.

24

This assumes peak electricity demand coinciding with minimum renewable generation and hydro availability. In practice this
combination of supply and demand is likely to be infrequent and short duration and could be managed more cost-effectively using
techniques such as demand management, rather than investing in low utilisation CCGT capacity.
25 Note that we haven’t modelled consecutive dry years, which could place a strain on the ability of the system to meet demands
across both the power and hydrogen sectors.
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Figure 21: Consented maximum water take per sector (2017-2018)26
The water demand required for the electrolysis of hydrogen in our Integrated Energy System Scenario
is shown in Figure 22, with annual demand increasing up to 13 million cubic metres of water per annum
by 2050.

Figure 22: Annual water consumption for electrolysis in the Integrated Energy System Scenario
By comparison, annual water demand of 13 million cubic metres is equivalent to:
•

2/3 of the current freshwater demand of the city of Hamilton 27, or

•

~8% of the current freshwater demand of the city of Auckland27, or

•

~0.1% of the current national maximum freshwater demand allocation for all sectors26.

26
27

New Zealand Ministry for the Environment Our freshwater 2020
Water New Zealand Water supplied to participant systems
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9 Technical and regulatory assessment
To enable policy makers and regulators to have confidence in the safe operation of a future hydrogen
gas network the following will need to be proven:
1. Safe operation of customer appliances on blends of hydrogen / natural gas and the ability to adapt
to safe operation on 100% hydrogen
2. Existing transmission and distribution networks have the capacity to meet projected demands
3. The components that make up the transmission and distribution networks (e.g. valves and
compressors) are suitable for conversion to hydrogen duties and the materials that make up the
networks will not be adversely impacted by hydrogen
4. There is a credible conversion strategy that minimises impacts on consumers
5. The changes required to regulation to allow conversion to hydrogen blends, and ultimately 100%
hydrogen operations can be made.
This section outlines the work undertaken during this study into the suitability of New Zealand’s natural
gas networks for conversion to hydrogen blends and 100% hydrogen operation. In making our
assessment we have called on international RD&D projects that are applicable to the New Zealand
context, and specific modelling and investigation of the New Zealand gas networks.

9.1 Safe operation of customer appliances
Gas network operators do not have control over the appliances connected to the network. However,
we will need to understand the impacts of converting the network to hydrogen blends, and 100%
hydrogen on our customers.
We will therefore need to establish the full extent of the different types and models of appliances used
by our industrial, commercial and residential customers. The types of appliances include:
o
o
o
o
o
o
o
o
o

Larger boilers (which may be producing steam or high-temperature high pressure water)
Combined Heat and Power (CHP) plants
Gas Turbines
Process burners
Domestic boilers
Central heating systems
Instant hot water heaters
Cookers
Gas fires

To establish the full extent of the types of appliances, Firstgas will need to engage with their customers
and equipment manufacturers to undertake a full assessment of the types of existing appliances to
assess their suitability for operation on hydrogen blends.
Global research to date is demonstrating that most appliances will not be affected by blends of hydrogen
up to 20%. However existing appliances will not operate with 100% hydrogen and will therefore need
to be replaced as part of the conversion strategy.
As sections of the networks are converted to 100% hydrogen, existing appliances will need modification
or replacing. Due to the anticipated future market for hydrogen, appliance manufacturers around the
world are developing product ranges for hydrogen operation. We expect that hydrogen product ranges
will be commercially available ahead of conversion.
Most appliances have a typical life cycle of about 10 years. This means that most of the appliances
connected to the networks will need replacing before conversion to 100% hydrogen starts.
Manufacturers are also developing product ranges of “hydrogen enabled” appliances. Hydrogen
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enabled appliances will need minimal intervention to switch to 100% hydrogen (e.g. a technician visit)
which will reduce cost to appliance owners and minimise disruption on conversion of the network.
In our conversion scenarios we therefore assume that most existing appliances are able to operate on
a 20% blend of hydrogen and that hydrogen enabled appliances will be in place on conversion to 100%
hydrogen.

9.2 Network capacity
We have modelled the transmission and distribution networks to assess if there is sufficient capacity to
transport the volumes of hydrogen required to meet our future hydrogen demand projections from an
energy perspective. To assess the capacity of the transmission network against our demand scenarios
we have used a network modelling tool, Synergi. To assess network capacity, we have considered the
following:
•

Can enough gas be delivered to customers?

•

Can pressure be maintained at a safe operating level – i.e. under the Maximum Allowable
Operating Pressure (MAOP)?

•

Can gas velocities within the network be controlled within acceptable limits?

We have used our Synergi Gas hydraulic modelling software to model our transmission and distribution
networks against our developed demand scenarios.

9.2.1 Transmission Network Capacity
In modelling the transmission network, we needed to ensure the following criteria were met:
•
•
•
•

Transmission pipelines are able to operate within their certified Maximum Allowable Operating
Pressure (MAOP)
Gas velocity within the transmission network does not exceed acceptable levels
Gas compressors are able to operate within their declared performance envelope in respect of
speed, flow and pressure
Transmission system extremity pressures do not reduce below agreed minimum pressures
declared nationally

All Firstgas transmission network pipelines are made of steel. Current research on converting existing
natural gas pipelines to hydrogen is focused on determining if steel transmission pipelines can operate
at their existing Maximum Allowable Operating Pressure (MAOP). A pipeline’s MAOP may have to
change when operating with hydrogen as higher pressures may increase the likelihood of hydrogen
embrittlement. Details of hydrogen embrittlement on transmission network components are explained
in Section 9.3.1. To mitigate the effects of hydrogen embrittlement, operating pressures may need to
be reduced which would impact the capacity of the pipeline to transport hydrogen. Initial research in
this area is likely to be complete in 2024.28
To accommodate this uncertainty, we have modelled both the current pipeline MAOPs and constrained
MAOPs for the repurposed transmission pipeline. In the “best case” scenario we have assumed that
the transmission network will be able to operate at its current MAOP. In the predicted “worst case”
scenario we have calculated a constrained MAOP, based on the application of design criteria set out in
ASME B31.12 (Hydrogen Piping and Pipelines). This is the current design code that addresses the
construction of new hydrogen pipelines. Our assumption accepts that there may be gaps relating to
material quality, construction quality, pipeline condition, and cleanliness for conversion of existing

28

Reference projects – UK HyNTS programme, Ghent University hydrogen - materials interaction study, European Hydrogen
Backbone pipeline, FFCRC testing in Australia the Australian future fuels CRC programme.
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pipelines as the code is written for construction of new pipelines. These gaps in the existing standard
will be addressed in future research or testing programmes.
For hydrogen pipelines, ASME B31.12 adopts additional factors of safety on top of those for natural
gas duty which is based on the current status of research into the effect of hydrogen on pipeline
components and operation. The additional safety factors are dependent on material type, material
quality control, operating temperature and location class. The safety factors required by ASME B31.12
for hydrogen pipelines can be up to 80% higher than for natural gas pipelines.
ASME B31.12 requires material toughness testing for pipelines operating with a hoop stress greater
than 40% specified minimum yield strength (SMYS). At this point we have not undertaken this testing.
Therefore, as a conservative assumption for the reduced MAOP case capacity modelling, the hoop
stress has been limited to 40% SMYS or the limits prescribed by ASME B31.12. In some sections of
pipeline there were no reductions in the existing MAOP, and in other sections the MAOP was reduced
to 50% of the existing MAOP.
We expect that, as more pipelines are converted to hydrogen and standards are developed, the safety
criteria in ASME B31.12 will evolve. Moreover, as we undertake full technical assessment of the
network, we will develop a much more nuanced view of the available pressure ranges than has been
possible with a desktop study.
The blended network
For operation of the pipeline at 20% blend, the modelling has demonstrated that in both current MAOP
and reduced MAOP scenarios, capacity is available in the transmission network to meet the demand
projected in our Integrated Energy Scenario (the highest demand of our three developed scenarios).
This modelling has shown that to achieve a 20% blend, hydrogen injection is required at three locations
– Rotowaro, Pokuru and Kapuni. Hence electrolysers would need to be located at these points.
The 100% hydrogen network
For the 100% hydrogen network scenario modelling of the current MAOP and reduced MAOP scenario
our modelling has demonstrated that the transmission network has capacity to meet the demand
projected in our highest demand scenario. In the 100% model we have modelled a storage facility with
an 18 PJ (5 TWh) capacity in the Taranaki region. Our modelling showed for the reduced MAOP
scenario that capacity constraints in the transmission network reduced the amount of hydrogen that
could be delivered from storage from 56% to 39% of the peak week energy demand. This does not
impact the capacity of the network to meet the peak week demand but means that more hydrogen
would need to be supplied directly from electrolysers, which has implications for electrolyser operation,
the capacity of renewable generation required to power the electrolysers and the cost of hydrogen
required to meet peak demand. In this model we have assumed that electrolysers discharge at
transmission network pressures (up to 80 barg 29).

9.2.2 Distribution Network Capacity
Due to the different size and complexities of New Zealand’s distribution networks, it was not considered
practical to model all of the low-pressure networks. To provide an assessment of whether distribution
networks could deliver the energy required to meet our highest demand projections we selected the
Firstgas owned Hamilton distribution network as a typical representative distribution network. We then
modelled the impact of conversion to a 20% hydrogen blend and a 100% hydrogen network.
To assess whether the Hamilton network could transport enough energy to meet our highest projected
demand scenario, we modelled the network with a 20% hydrogen blend and with 100% hydrogen using
our Synergi modelling software. The Synergi model calculates whether there is sufficient capacity within
the various pressure tiers in the network to transport the required amount of energy, identifying locations
29

Assumption based on ITM electrolyser technology development programme.
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which require reinforcement, either with the addition of new pipelines or new District Pressure
Regulators (DRS). Most of the distribution network pipelines are Polyethylene (PE), however there are
some steel pipes. Due to the lower operating pressures in the distribution network compared to the
transmission network, and the fact that they are constructed in lower strength grade materials we do
not anticipate that hydrogen embrittlement will impact their structural integrity.
The results from our modelling have demonstrated that the network has sufficient capacity for the 20%
blend scenario in our Integrated Energy System scenario.
Modelling of 100% hydrogen scenario shows that the Hamilton network will require some modifications
and reinforcement to meet the peak week demand. An additional 34km of new distribution pipeline
(<7% of the existing total network pipe), and to optimise the pressure tiers nine new District Regulator
Stations (DRS)30 are required to provide cross connections between pressure tiers in the network for
100% hydrogen. This will provide the additional capacity needed to meet demand in the Integrated
Energy System Scenario.
To assess the total reinforcement requirements associated with converting New Zealand’s distribution
networks to 100% hydrogen, we have extrapolated from the Hamilton network case study to other
distribution networks on the basis of total pipeline length. This results in an estimate of 400 km of
reinforcement, and an additional 41 District Regulator Stations (DRS) are likely to be required across
New Zealand’s distribution networks. The assessment is based on the capacity modelling of the
Hamilton network, extrapolated using the meterage of pipelines, and the number of District Regulator
Stations (DRS) within the rest of New Zealand’s distribution network. We have used this to estimate
the total cost of reinforcement for distribution networks in our economic analysis in Section 10.1).
Full details of the transmission and distribution models are contained in appendix 13.10 to this report.
It should be noted that detailed network modelling will be required for all New Zealand’s distribution
networks to fully assess the scale of modifications required for conversion to hydrogen.

9.3 The impact of hydrogen on network components
The key criteria that need to be addressed in terms of network components are:
•
•
•
•

Materials – will there be an impact on the materials themselves (e.g. hydrogen embrittlement)?
Performance – will the performance of the components be different?
Safety – are there safety implications for the components?
Operation – Do we need to operate the system differently due to this component?

9.3.1 Transmission network impacts
The following sections set out our assessment of the impacts of hydrogen and hydrogen blends on the
transmission network components.
Transmission pipelines
The transmission network consists of a network of welded steel pipelines, ranging in size from 50mm
to 850mm, operating at pressures up to 86.2 barg. The first section of transmission pipeline was
constructed in 1969 and the network has been expanded since then to its current overall length of over
2,500km.
30 A DRS automatically controls the pressure of distribution mains between pressure tiers and includes safety features such as
shutoff valves, filters, and over pressure protection devices
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The typical design life for a steel transmission gas pipeline is 60 years. Firstgas performs remaining life
reviews according to AS NZS 2885.3 s10.3 to consider all aspects of operational history of their
pipelines and recommend an appropriate remaining life based on condition and operational risk.
Typically, if operated and maintained within permitted parameters, natural gas transmission pipelines
can operate safely for over 100 years.
The key challenge that needs to be addressed in repurposing the transmission pipelines for 100%
hydrogen and blends of hydrogen / methane is Hydrogen Embrittlement (HE). This can impact the
structural integrity of the transmission pipelines and associated metallic components. Therefore
mitigation measures will need to be adopted to address this potential risk.
Hydrogen embrittlement is the permeation and diffusion of hydrogen molecules into the crystalline

lattice structure of the pipeline material through the internal pressure applied on the pipeline wall.
Hydrogen embrittlement can lead to a decrease in the ductility (toughness) of the pipeline wall,
which can cause mechanical failure of the pipeline.
The European Industrial Gases Association (EIGA) has produced guidance on the re-purposing of
transmission pipelines for hydrogen operation greater than 10% blends (IGC 121/14). The document
concludes that (subject to a satisfactory assessment of the pipeline condition):
“the common carbon steel piping grades such as API 5L X52 (and lower strength grades) and ASTM A
106 Grade B have been widely used in hydrogen gas service with few reported problems. This good
service is attributed to the relatively low strength of these alloys, which imparts resistance to hydrogen
embrittlement and the other brittle fracture mechanisms”.
Over two thirds (1,800km) of the transmission network is constructed of steel grades of X52 or lower –
meaning that, subject to a satisfactory assessment of the pipeline condition it is at lower risk of hydrogen
embrittlement.
New Zealand’s transmission network is of a similar age, materials and operating conditions to the UK.
National Grid, the owner/operator of the UK’s National Transmission System (NTS), is currently
embarking on a research programme to assess the impact of HE on their network. Initial research has
identified that the introduction of slightly increased levels of oxygen (O 2) (within the gas specification
limits in the Gas Management Safety Regulations (GMSR)) can significantly reduce hydrogen entering
micro-fissures found in steel pipelines. This inhibits crack growth rates and restores fracture toughness,
which mitigates the impacts of hydrogen embrittlement on the integrity of the pipeline.
Should the current research demonstrate that HE will have a detrimental impact on sections of the
transmission network constructed in grades of steel above X52, mitigation options could include:
• Operating the pipeline section at a reduced MAOP (as accounted for in our capacity modelling)
• Application of internal coatings / linings
• Introducing slightly elevated levels of oxygen (should global RD&D programmes show this to
be a viable mitigation measure)
A summary of the transmission pipeline assessment is given in Table 13.
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Table 13: Transmission system pipeline assessment

Other
API 5L GrB

Performance

Safety

Operations

Hydrogen
embrittlement /
Weld integrity

Capacity

Risk of
major
rupture

Maintenance
activities

Comments

20
1,157

Steel grade X42

623

Steel grade X46

17

Steel grade X52

50

Steel grade X56

5

Steel grade X60

346

Steel grade X65

296

Total

Materials

Changes to operating procedures

Pipeline material

Length
(km)

Current research is testing the potential
for increased oxygen levels to mitigate
against hydrogen embrittlement. If this is
not successful modifications to operating
regimes (e.g. reduced MAOP) may be
required. Modifications to SOPs

2,514

Legend:
Low / No Impact
Medium / Potential Impact
High / Not Technically Feasible
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Other transmission system components
In addition to the physical pipelines making up the transmission network there are 252 stations
connected to the network. Excluding compressor stations (which are specifically discussed below),
these stations provide a variety of functions:
• Pigging stations
•

Delivery points

•

Pressure reduction installations (PRIs)

•

Isolation valves

Typical components within the stations include:
• Pressure relief valves (PRVs)
•

Pressure regulators

•

Filters

•

Pre-heating systems

•

Metering systems

•

Gas chromatographs

•

PIG launchers / receivers

Many individual components make up the design of each station. Components are made up of a large
variety of compounds and metals and metallic compounds, including:
• Valves
•

o Forged steel bodies, weld overlays and austenitic stainless steels
Flow Control valves

•

o Martensitic steels, cast iron, copper and nickel alloys
Regulators

•

o Forged carbon steel bodies, brass and zinc-plated steels
Other Materials found in components
o
o
o
o
o

Nylon
Viton
Nitrile synthetic rubber
Zinc
Other compounds

Like pipelines, some metals and alloys found in the components are susceptible to hydrogen
embrittlement. Furthermore, there is an increased risk of hydrogen leakage at joints in comparison with
natural gas due to the size of the hydrogen molecule. As a result, some sealing arrangements / sealing
compounds may not perform to the same standard in operation with hydrogen as they do with natural
gas.
To address the risks of leakage, there will need to be changes in the hazardous area assessments and
zoning of Firstgas operational sites. This means Firstgas will need to reassess the electrical equipment
in installations to ensure it is fully compliant with IECEx regulations.31

31

IECEx Regulations - equipment and services intended for use in explosive atmospheres
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Global research projects are assessing the impacts of hydrogen on the types of assets found in the
transmission network. We envisage that there will be gaps in technical evidencing delivered from the
current global R&D programmes. In section 11 we consider the potential technical evidence gaps
remaining to make the network ready for transporting hydrogen.
A summary of the assessment of transmission system components is given in Table 14.

9.3.2 Compressor Stations
Compressor stations are critical to the operation of the transmission network. They push gas through
the network by boosting the pressure in the pipeline to allow the right volume of gas to be delivered to
customers. Compressors consist of two primary components: a compressor to compress the gas and
a drive unit to drive the compressor. Compressor stations also include ancillary components such as,
suction and discharge pipework, control systems, valves, filters and coalescers.
Compressor Units
There are two types of compressor:
-

Reciprocating, which use pistons in cylinders to compress gas
Centrifugal, which use a rotating wheel to compress gas

Both types of compressor are considered suitable for hydrogen blends (up to 20%). Due to the
compression characteristics of hydrogen, direct compression through reciprocating compressors is
preferred for 100% hydrogen duty. This type of compressor is already in operation on hydrogen
pipelines in America.
Compressor Drive Units
There are three main types of drive units used to drive the compressor units:
• Gas engines – reciprocating internal combustion engines which use the gas in the network as
fuel. The type and model of drive planned to be installed in the Fisrtgas compressor strategy is
already certified by the manufacturer to operate on blends up to 12% hydrogen, and with minor
modifications will be able to handle blends up to 20% hydrogen. The existing gas engines will
not be able to operate on 100% hydrogen and will require major modifications or replacement.
• Gas Turbines - internal combustion engines that operates with rotary rather than reciprocating
motion using the gas in the network as fuel. Gas turbine manufacturers are currently assessing
the implications of hydrogen blends on fuel gas. However, they expect that this type of drive
will be able to operate satisfactorily on blends up to 20% hydrogen with minor modifications.
Existing gas turbines will not be suitable for 100% hydrogen and will need major modification
or replacement.
• Electric Variable Speed Drives (VSD) – VSD’s are electric drives which draw their power from
the electric grid. This type of drive doesn’t rely on the gas in the network for fuel and is therefore
suitable for operation on blends and 100% hydrogen without any modification.
Currently the transmission network has 16 gas engines, 2 gas turbines and 2 electric-driven
compressors.
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Table 14: Transmission system component assessment based on current status of global R,D&D

Transmission Assets

Number
of Units

Pipelines

Pipeline
materials (X52
grade steel
and below)

1847 km

Pipelines

Pipeline
materials
(above X52
grade steel)

690 km

Pipeline
fittings

Pipeline
fittings
(weldolets,
forged bends
and tee's)

N/A

Compression

Reciprocating
compressors

18

Compression

Centrifugal
compressors

2

Compression

Gas engine
drives

16

Compression

Gas turbine
drives

4

Compression

Electric drives

Materials

Blends (up to 20% hydrogen)
Performance
Safety
Operations

Materials

100% hydrogen
Performance
Safety

Comments
Operations
Modification to SOPs
Current research demonstrates that steel grades X52
and below are suitable for hydrogen duty, however
we anticipate that in demonstrating their suitability
material sample testing in addition to record
assessments will be required
Current research is testing the potential for increased
oxygen levels to mitigate against hydrogen
embrittlement. If this is not successful modifications
to operating regimes (e.g. reduced MAOP) may be
required.
Modifications to SOPs
Current research is testing the potential for increased
oxygen levels to mitigate against hydrogen
embrittlement. If this is not successful modifications
to operating regimes (e.g. reduced MAOP) may be
required.
Modifications to SOPs
20% blends - electrical equipment in hazardous areas
may need changing to be compliant (IECEx),
modifications to SOPs
100% hydrogen - potential modification to piston and
cylinders, electrical equipment in hazardous areas
may need changing to be compliant
(IECEx).Modifications to SOPs
20% blends - electrical equipment in hazardous areas
may need changing to be compliant (IECEx),
modifications to SOPs
100% hydrogen - replacement of compressor wheels,
electrical equipment in hazardous areas may need
changing to be compliant (IECEx). Modifications to
SOPs
20% blends - modifications required to fuel gas
systems, electrical equipment in hazardous area
may need changing to be compliant (IECEx).
Modifications to SOPs
100% hydrogen - Current engines not suitable for
100% hydrogen, new units required
20% blends - modifications required to fuel gas
systems, electrical equipment in hazardous areas
may need changing to be compliant (IECEx).
Modifications to SOPs
100% hydrogen - Current gas turbines not suitable for
100% hydrogen, new units required
Suitable for blends and 100% hydrogen without
modification
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Transmission Assets

Valves and
Impulse lines

Pressure
Reduction
Pig
Launchers /
Receivers
stations

Metering

Mainline
valves
Pressure
reduction
streams at
delivery points
Pig launchers /
receivers and
associated
pipework
Mixture of
ultrasonic,
turbine and
orifice plate
meters

Number
of Units

Materials

Blends (up to 20% hydrogen)
Performance
Safety
Operations

Materials

100% hydrogen
Performance
Safety

119

120

Comments
Operations
Current research is testing the potential for increased
oxygen levels to mitigate against hydrogen
embrittlement. If this is not successful modifications
to operating regimes may be required.
Modifications to SOPs
20% blends - modifications to SOPs
100% hydrogen - existing pressure regulators are not
suitable for 100% hydrogen and will need to be
replaced with compatible units. Modifications to SOPs
Modification to SOPs

73

116

20% blends - recalibration required on all meter
types, electrical equipment in hazardous areas may
need changing to be compliant (IECEx). Modifications
to SOPs
100% hydrogen - recalibration required on all meter
types, electrical equipment in hazardous areas may
need changing to be compliant (IECEx). modifications
to SOPs

Suitable without
modification
Suitable with minor
modifications
Would require replacement
/ major modifications
Not technically feasible at
present

The key findings from our assessment, based on the current status of global research are:
•
•
•
•

The transmission network has sufficient capacity to transport the energy required to meet forecast demand for hydrogen
Reciprocating compressors are suitable for operation with hydrogen, however existing gas engines will need to be replaced with hydrogen engines or
Variable Speed Electric Drive’s (VSD’s)
Most of the ancillary equipment found in the transmission network, such as valves, pressure reduction equipment, meter streams, scraper stations etc.
will be suitable for hydrogen operation with modification
Hazardous areas will need to be reassessed for electrical equipment certification
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Different characteristics of hydrogen compression
Natural gas and hydrogen differ in their physical characteristics which impacts the operation of the
compressor fleet. We have modelled the impacts of blends and 100% hydrogen and the key differences
are:
• Volumetric Flow – Our modelling has shown that the volumetric flow of gas would increase for
blends and 100% hydrogen, meaning the same compression power will be capable of moving
more gas through the network on a volumetric basis.
• Energy Flow - While volumetric flow is important, the overall energy moved by the equivalent
compression power is more important. Although the same compressors will be able to move a
higher amount of gas, due to the lower calorific value on a volumetric basis the amount of
energy moving through the network will decrease.
• Pressure Loss – Hydrogen has a lower friction coefficient than natural gas. This means that
there is lower pressure drop for hydrogen blends and 100% hydrogen than occurs with natural
gas. The effect on transmission compression is that less power is required to boost the pressure
further along the network.
Firstgas has instigated a compression upgrade project programme which will standardise the
compression fleet over the next decade as the current fleet reach the end of their design life. The
programme will enable Firstgas to specify the types of compressors and drive units that will be
compatible with a future hydrogen network. The programme will allow Firstgas to “future proof” their
compressor fleet to ensure the network is ready for conversion to blends, and 100% hydrogen.
Current compressor configuration
The transmission network currently has 20 operational compressors at 8 strategic locations around the
network. Table 15 shows the current locations and configuration of our compressor fleet.
Table 15: Current compressor locations and types
Compressor
Station Locations

Current Installed and Operable Compression

Henderson

2 x electrically driven (VSD) reciprocating compressors

Rotowaro

2 x gas engine driven reciprocating compressors / 2 x gas turbine driven
centrifugal compressors

Pokuru

2 x gas engine driven reciprocating compressors

Kawerau

2 x gas engine driven reciprocating compressors

Mahoenui

3 x gas engine driven reciprocating compressors

Mokau

2 x gas engine driven reciprocating compressors

Kapuni (KGTP)

3 x gas engine driven reciprocating compressors

Kaitoke

2 x gas engine driven reciprocating compressors

Derby Road

Not operational

Total

2 x electrically driven (VSD) reciprocating compressors / 2 x gas turbine driven
centrifugal compressors / 16 x gas engine driven reciprocating compressors

Compressor configuration for 20% hydrogen blend

65

New Zealand H2 pipeline feasibility
Technical Report
We have modelled the transmission network compression requirements against our integrated energy
demand scenario and the results are shown in Table 16 below. The modelling shows there is no longer
a need for compression at Mahoenui (reduction of 3 compressors) due to the additional compression
delivered from the from the electrolysers.

Table 16: Required compressor locations for 20% hydrogen blend
Compressor
Station Locations

Compression required for 20% hydrogen blend

Henderson

2 x electrically driven (VSD) reciprocating compressors

Rotowaro

2 x gas engine driven reciprocating compressors + 1 standby

Pokuru

1 x gas engine driven reciprocating compressors + 1 standby

Kawerau

2 x gas engine driven reciprocating compressors

Mahoenui

Not required

Mokau

3 x gas engine driven reciprocating compressors + 1 standby

Kapuni (KGTP)

1 x gas engine driven reciprocating compressors + 1 standby

Kaitoke

2 x gas engine driven reciprocating compressors

Derby Road

Not operational

Total

2 x electrically driven (VSD) reciprocating compressors / 11 x gas turbine
driven centrifugal compressors / 4 x gas engine driven reciprocating
compressors (stand by)

Compressor configuration for 100% hydrogen modelled with worst case reduction to pipeline
MAOP
In this model we have assessed the compression requirements to meet the energy demand in in our
integrated energy scenario, assuming we need to reduce the maximum allowable operating pressure
(MAOP), as detailed in Section 9.2.1 as our reduced MAOP scenario. The modelling demonstrates
that we no longer need compression at Kawerau, Mahoenui and Mokau. This results in a reduction
from the current 20 to 9 compressors. This is because we assume that the electrolysers supplying the
network operate at high pressure and reduce the need for compression. Table 17 shows the location
and configuration of compression for this scenario.
Table 17: Compression requirements with 100% hydrogen and worst case reduced MAOP
Compressor
Station Locations

Compression required for 100% hydrogen (reduced MAOP)

Henderson

Not required – replaced with PRS

Rotowaro

2 x gas engine (h2) / VSD driven reciprocating compressors + 1 standby

Pokuru

1 x gas engine (h2) / VSD driven reciprocating compressors + 1 standby

Kawerau

Not required

Mahoenui

Not required

Mokau

Not required - bypassed
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Kapuni (KGTP)

1 x gas engine (h2) / VSD driven reciprocating compressors + 1 standby

Kaitoke

2 x gas engine (h2) / VSD driven reciprocating compressors

Derby Road

Not operational

Total

6 x gas engine (h2) / VSD driven reciprocating compressors / 3 x gas engine
(h2) / VSD driven reciprocating compressor (stand by)

Compressor configuration for 100% hydrogen (modelled assuming no reduction to pipeline
MAOP)
As in the other models we have assessed the compression requirement to meet the integrated energy
scenario demand forecast. This model assumes no restrictions to the current pipeline MAOP.
The modelling demonstrates that, as with the previous model, we no longer need compression at
Kawerau, Mahoenui and Mokau. However, this model shows we also no longer need compression at
Kaitoke. While there is the same reduction in the number of compressor units in this model (from the
current 20 to 9) the compressor locations differ. Table 18 shows the location and configuration of
compression for this scenario.
Table 18: Compression requirements with 100% hydrogen and best case no reduction in MAOP
Compressor
Station Locations

Compression required for 100% hydrogen (full MAOP)

Henderson

Not required – replaced with PRS

Rotowaro

1 x gas engine (h2) / VSD driven reciprocating compressors + 1 standby

Pokuru

3x gas engine (h2) / VSD driven reciprocating compressors + 1 standby

Kawerau

Not required

Mahoenui

Not required

Mokau

Not required - bypassed

Kapuni (KGTP)

2 x gas engine (h2) / VSD driven reciprocating compressors + 1 standby

Kaitoke

Not required

Derby Road

Not operational

Total

6 x gas engine (h2) / VSD driven reciprocating compressors / 3 x gas engine
(h2) / VSD driven reciprocating compressor (stand by)

Conclusion
In conclusion, the modelling shows that the existing compressor locations are suitable to meet the 20%
blend and 100% hydrogen demand projections in the integrated energy demand forecasts. Due to the
hydrogen entering the network at high pressure from the electrolysers and storage at high pressure,
the total number of compressor units will be reduced. It should be noted that as future demand forecasts
are updated the models will need to be rerun.
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9.3.3 Distribution Network impacts
New Zealand has eleven gas distribution networks owned and operated by:
•

Firstgas (Northland, Waikato, Bay of Plenty, Gisborne, Kapiti Coast)

•

Vector (Auckland)

•

Powerco (Hawke's Bay, Taranaki, Manawatu, Wellington)

•

GasNet (Wanganui)

Each network is made up of High Pressure (HP), Intermediate Pressure (IP) and Low Pressure (LP)
pipelines and associated assets.
This assessment has been undertaken based on information on the Firstgas network. It has been
assumed that the results of this assessment are typical of all networks. Detailed assessment of
networks owned by others will need to be undertaken.

Distribution pipelines
Distribution network pipelines are largely comprised of the following:
• Polyethylene pipelines, branch tees and fittings
•

Low strength grade steel pipelines, branch tees and fittings

Polyethylene gas pipes (MDPE and HDPE) are widely accepted as suitable for hydrogen duty. Section
11 details the research programs in Europe and Australia that aim to provide the technical evidence
and operational data to demonstrate that existing polyethylene pipeline networks can be safely
converted to hydrogen duty. However, the New Zealand networks contain a small proportion of pre1975 polyethylene pipes that are known to be become brittle and susceptible to leaking. A programme
of replacement is currently underway to replace the pre-1975 pipes. It may be necessary to undertake
research to assess the operation of this portion of the network, should the replacement programme not
be completed before conversion of the network to hydrogen.
The steel pipe within the network is made up of low strength steel materials. Research already
completed has demonstrated that HE is unlikely to impact the integrity of lower grade steels. Steel pipes
within the distribution networks are predominantly welded joints, however, a portion of the steel pipes
are jointed with mechanical joints. The impact of hydrogen on this type of connector is not known and
will require further investigation.
A summary of the assessment undertaken for Firstgas distribution system pipelines is given in Table
19 and Table 20.
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Table 19: Firstgas distribution system pipeline impact for up to 20% blends assessment based on current global R,D&D
Pressure
Tier

Length
(km)

Pipeline material

LP, MP, IP

Steel main

LP, MP, IP

PE main

LP, MP, IP

Steel service pipe

LP, MP, IP
Total

PE service pipe

Materials
Hydrogen
embrittlement /
Weld integrity

Performance

Safety

Operations

Capacity

Risk of leakage

Maintenance
activities

Comments
Low strength steel, therefore, should not be
impacted by hydrogen embrittlement
Potential impact on pre-1975 PE pipelines
Low strength steel, therefore, shouldn’t be impacted
by hydrogen embrittlement

325
3,075
15
1,371
4,786

Low / No Impact
Medium / Potential Impact
High / Not Technically Feasible

Table 20: Firstgas distribution system pipeline impact for 100% hydrogen assessment based on current global R,D&D
Pressure
Tier

Pipeline material

Length
(km)

LP, MP, IP

Steel main

325

LP, MP, IP

PE main

3,075

LP, MP, IP
LP, MP, IP
Total

Steel service pipe
PE service pipe

15
1,371
4,786

Materials
Hydrogen
embrittlement /
Weld integrity

Performance

Safety

Operations

Capacity

Risk of
leakage

Maintenance
activities

Comments
Low strength steel, therefore, should not be impacted by hydrogen
embrittlement.
Potential for increased leakage from mechanical joints.
Capacity may need be increased through reinforcement / additional DRS's to
meet projected demand
Capacity may need be increased through reinforcement / additional DRS's to
meet projected demand
Potential impact on pre-1975 PE pipelines
Risk of greater leakage from mechanical joints
Risk of greater leakage from mechanical joints

Low / No Impact
Medium / Potential Impact
High / Not Technically Feasible
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Other distribution network components
Gas distribution networks consist of several components, including:
•

District regulator stations (DRS)

•

Valves

•

Metering (network / commercial / domestic)

•

Service connections

•

Repair collars

District regulator stations are utilised to reduce the pressure across the pressure tiers that make up the
distribution networks. Global R,D&D completed to date suggests that the components that are found in
most of our district regulator stations are suitable for operation with hydrogen blends, up to 20%.
However, some components will not be suitable for conversion to 100% hydrogen and will require
modification. Research has shown that the regulators, slam-shuts, flow control and relief valves will
need modification and/or replacement with components compatible with pure hydrogen.
A summary of the assessment of the other distribution components is given in Table 22.
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Table 21: Distribution system component assessment
Distribution Network Assets

No. of
Units

Pipelines

Metallic mains

325 km

Pipelines

PE mains

3075 km

Pipelines

Metallic service pipes

Pipelines

PE services pipes

Pipeline
fittings

Pipeline
fittings

Valves

Metallic mains (tee's,
weldolets, service
connections, mechanical
joints, repair collars)
PE mains (tee's, service
connections, mechanical
joints, fusion couplers,
repair collars)
Isolation valves
(IP & MP)

Pressure
reduction

District Regulator
Stations (IP & MP)

Meters

Connected customers Mixture of ultrasonic,
turbine and bellow
meters

15
km
1371 km

N/A

N/A

238 (IP)
1038 (IP)

102 (IP)
24 (MP)

61,500

Materials

Blends (up to 20% hydrogen)
Performance
Safety

Operations

Materials

100% hydrogen
Performance
Safety

Operations

Comments
20% blends - no issues identified
100% hydrogen - Potential capacity constraints
requiring additional reinforcement. Potential for
leaks from mechanical joints and repair clamps
20% blends - no issues identified
100% hydrogen - Potential capacity constraints
requiring additional reinforcement. Potential
impacts on pre-1975 PE mains if still present in
the network after conversion
20% blends - no issues identified
100% hydrogen - Potential for leaks from
mechanical joints and repair clamps
20% blends - no issues identified
100% hydrogen - no known issues with butt fusion
jointed service pipes
20% blends - no issues identified
100% hydrogen - Potential for leaks from
mechanical joints and repair clamps
20% blends - no issues identified
100% hydrogen - no known issues with butt fusion
joints
20% blends - no issues identified
100% hydrogen - further research required to
assess the suitability of valve seals when
operating on pure hydrogen
20% blends - electrical equipment in hazardous
areas needs to be assessed and may need
changing to be compliant (IECEx)
100% hydrogen - existing pressure regulators are
not suitable and will need to be replaced with
compatible units. Electrical equipment in
hazardous areas needs assessment and may
need changing to be compliant (IECEx)
20% blends - recalibration required on all meter
types, electrical equipment in hazardous areas
may need changing to be compliant (IECEx)
100% hydrogen - recalibration required on meter
types recertified for 100% hydrogen, replacement
of unsuitable meter types, electrical equipment in
hazardous areas may need changing to be
compliant (IECEx)

Suitable without modification
Suitable with minor modifications
Would require replacement / major
modifications
Not technically feasible at present
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9.4 Conversion strategy
Our conversion strategy is based on the growth in hydrogen demand laid out in Section 7.4.3 and shown
in Figure 23. The key elements are:
•
•
•

Transport demand commencing in the early 2020s
Gas blending into the network from the early 2030s – reaching 20% by 2035
100% hydrogen and large-scale storage of hydrogen from 2040

Figure 23: Conversion strategy timeline

9.4.1 Blended network prior to 2035
To deliver the hydrogen required to meet the 20% blend, hydrogen production would be required at the
following locations:
• Kapuni
• Pokuru
• Rotowaro
Details of the electrolyser capacity and duties are detailed in section 8. To accommodate the existing
power generation at Huntly power station, and major hydrogen sensitive consumers (such as Methanex)
during the initial transition, a section of the transmission network will remain on natural gas. The 20%
blended network and hydrogen injection points are shown in Figure 24.
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Figure 24: Map of 20% blend conversion area
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9.4.2 Conversion to 100% hydrogen network
In our modelling we have also developed a conceptual conversion strategy to move from a 20%
hydrogen gas blends, to a 100% hydrogen network. The strategy entails converting isolated sections of
the network from blended gas to 100% hydrogen. This is achieved by converting sub-sections of the
isolated network to pure hydrogen (based on the locations of existing network valves). The pure
hydrogen is fed from the electrolyser located at the extremity of the isolated section, whilst the remainder
of the network is fed with a hydrogen blend, fed from the main transmission network. This process is
repeated sub-section by sub-section until the entire isolated section is fully converted. Once each
isolated section is fully converted the next section is isolated for conversion working inwards from the
extremities of the transmission network, Natural gas enters New Zealand in the Taranaki area, therefore
this is the region being the final area for conversion.
We estimate that conversion of the entire network from blends to pure hydrogen will take approximately
15 years, starting in 2035. The time taken to convert each individual section will depend on the network
configuration, location of isolation valves and customer conversions within the conversion area and will
require detailed conversion plans to be developed.
Figure 25 and Figure 26 demonstrate a sequential process of how the network could be converted from
blends to a 100% hydrogen.
A detailed conversion strategy will need to be developed for each section to accommodate conversion
of each section to a 100% hydrogen network. The switch from hydrogen blends to a 100% hydrogen
network will require extensive customer consultation and coordination to ensure minimal impact on
consumers.
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1

2

3

4

Figure 25: Conversion of the network from 20% blend to 100% hydrogen, stages 1-4
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5

6

7

8

Figure 26: Conversion of the network from 20% blend to 100% hydrogen, stages 5-8
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9.5 Conversion requirements
Based on the assessment of capacity, network components and the conversion strategy, we have
compiled the list of required changes to the network shown in Table 22 and Table 23.
Table 22: Estimated changes required to Transmission network components
Transmission network
Component

Changes for 20% blend

Changes for 100% hydrogen

Pipelines

Pipeline
materials (x52
grade steel and
below)

No changes identified
(based on current global
R,D&D)

Pipelines

Pipeline
materials
(above x52
grade steel)

May require reduced MAOP.
No reinforcement required

Reciprocating
compressors

No longer need the
compression at Mahoenui
(reduction of 3
compressors)
Modifications required to
electrical equipment in
hazardous areas (IECEx)

No longer need compression at
Kawerau, Mahoenui, Mokau and
Kaitoke (reduction of 11
compressors).
Modifications required to
electrical equipment in hazardous
areas (IECEx)

No changes identified

Modifications may be required to
mitigate hydrogen embrittlement
and impact of hydrogen on soft
seals (subject to the outcome of
R,D&D programmes)

Compression

Valves

Mainline valves

Pressure
reduction at
delivery
points

Pressure
reduction
stream
components at
delivery points

Pig launcher/
receiver
stations

Pig launchers /
receivers and
associated
pipework

No changes identified

Metering

Mixture of
ultrasonic,
turbine and
orifice plate
meters

Recalibration required on all
meter types.
Electrical equipment in
hazardous areas may need
to be changed (IECEx)

No changes identified

No changes identified (based on
current global R,D&D)

May require reduced MAOP. No
reinforcement required

Replacement of regulators,
modifications to soft seals in slam
shuts valves (subject to the
outcome of R,D&D programmes)
No changes identified

Recalibration required on all
meter types.
Replacement of meters not
suitable for pure hydrogen.
Electrical equipment in hazardous
areas may need to be changed
(IECEx)
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Table 23: Estimated changes required to Distribution network components
Distribution network
Component
Pipelines

Valves

Pressure
reduction

Meters

Metallic mains
/ PE mains

Isolation
valves

District
Regulator
Station’s

Connected
customers mixture of
ultrasonic,
turbine and
bellow meters

Changes for 20% blend

Changes for 100% hydrogen

No changes identified

We estimate other networks will
require a total of 400km of
reinforcement.

No changes identified

No additional valves identified.
Potential modifications to soft seals if
research proves them unsuitable for
pure hydrogen.
We expect that this will be replicated in
other networks

Electrical equipment in
hazardous areas may
need changing to be
compliant (IECEx)

Our modelling shows that an additional
9 DRSs will be required on the
Hamilton distribution network.
Extrapolating this for other networks
would create a need for 32 additional
DRSs. (41 in total).
Pressure regulators may need to be
replaced with hydrogen compatible
units.
Electrical equipment in hazardous
areas may need changing to be
compliant (IECEx)
We expect that this will be replicated in
other networks

Recalibration required on
all meter types.

Recalibration required on meter types
recertified for 100% hydrogen.
Replacement of meters identified as
unsuitable following completion of
R,D&D programmes.
Electrical equipment in hazardous
areas (IECEx)
We expect that this will be replicated in
other networks

9.6 Regulatory assessment
Alongside changes to the network to allow injection 20% hydrogen blend or 100% hydrogen, there will
need to be changes to our regulations. A high-level assessment of the regulations involved in gas
production, transportation and use has been undertaken to understand the relevant regulation and the
requirement for change. We have not attempted to design the required change but have limited our
comment to where we see the current regulation not accommodating hydrogen or hydrogen blends.
A summary of the analysis is given in Table 24, while a broader discussion of the policy and regulatory
framework is given in Appendix 13.9.
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Table 24: Relevant New Zealand Gas Regulations and potential areas for change
Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

The Gas Act (1992)

The purposes of this Act are—
(a) to provide for the regulation, supply, and use of gas in New Zealand; and
(b) to provide for the regulation of the gas industry in New Zealand; and
(c) to protect the health and safety of members of the public in connection with the supply
and use of gas in New Zealand; and
(d) to promote the prevention of damage to property in connection with the supply and use
of gas in New Zealand.
Inter alia, it:
• sets out the roles and responsibilities of MBIE, including its powers to carry out enquiries,
tests, audits or investigations to determine compliance with the Gas Act and to ensure the
safe supply and use of gas.
• grants owners, operators and other relevant persons powers such as rights of entry and
prescribes conditions in respect of the exercise of those powers.
• establishes duties, such as requirements to inform MBIE of key gas activities, especially
in respect of gas operators and other owners of gas fittings.
• allows for the issuance of industry codes of practice.
• includes various arrangements in respect of the governance of the gas industry, including
mandating the co-regulatory model.
• mandates various requirements in respect of gas safety, including a requirement for all
owners or operators of gas supply systems to have a safety management system that
addresses the prescribed requirements.
• includes broad regulation-making powers.
• establishes various offences for breaches of the Gas Act.

As the key piece of legislation providing for
regulation of the gas industry in New Zealand,
the Gas Act will need to be reviewed and
potentially amended to ensure it legislates
appropriately for the production, transport, supply
and use of hydrogen and hydrogen blends.

Gas (Safety and
Measurement) Regulations
2010

These Regulations set out responsibilities and obligations for the safe supply of gas and
include:
• generic rules and requirements for safety.
• the point of supply for the delivery of gas.
• requirements for safety management systems (SMS).

Will require review and potentially amendment to
ensure the regulations are applicable to the
supply of hydrogen and safety and certification of
hydrogen appliances.
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Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

• the third-party certification regime for gas appliances.
• the joint New Zealand/Australian gas appliance label.
• Offences
Health and Safety at Work
Act 2015, which covers
hazardous activities,
workplaces and facilities.

The Health and Safety at Work Act 2015 replaces the Health and Safety in Employment
Act 1992 (HSE Act) and is part of a formal ‘Working Safer: a blueprint for health and safety
at work’ programme that substantially reforms New Zealand health and safety system. It
follows the recommendations of an Independent Taskforce on Workplace Health and
Safety and took effect in April 2016 following the development of supporting regulations.
Oil and gas sector-related regulations previously introduced under the HSE Act include the
Health and Safety in Employment (Pipelines) Regulations 1999 and the Health and Safety
in Employment (Petroleum Exploration and Extraction) Regulations 2013.

Gas sector-related regulations introduced under
the Health and Safety at Work Act or its
predecessors will require review and potential
amendments to ensure they adequately cover the
production, injection, transportation and use of
hydrogen and hydrogen blends.

Hazardous Substances
and New Organisms Act
1996, which covers
storage and use of gas
containers.

The Hazardous Substances and New Organisms (HSNO) Act 1996 aims to protect the
environment and the health and safety of communities, by preventing or managing the
adverse effects of hazardous substances and new organisms. The provisions of the Act
apply to gas, as a flammable and potentially hazardous substance, and dovetail with the
safety requirements in the Gas Act.

The provisions of this Act would apply to
hydrogen, as they do to gas, as a flammable and
potentially hazardous substance. The Act will
require review and potential amendments to
ensure the provisions adequately cover the use
of hydrogen and hydrogen blends and remain
consistent with the safety requirements of the
Gas Act (including any amendments relating to
hydrogen production, supply and use).

Gas (Levy of Industry
Participants) Regulations
2020

These Regulations allow Gas Industry Co to collect levies from the gas industry to fund its
work. Gas Industry Co is required to consult annually on the development of a work
programme and associated costs, and to publish an annual Statement of Intent (SOI). Its
costs are met through a combination of levies applied to wholesale and retail participants,
and market fees associated with the ongoing administration of specified rules and
regulations.

The transition of the gas networks to supply
hydrogen may involve new industry participants,
not covered by the current regulations.
Amendments may be required to ensure the
scope of the regulations include all potential
participants in the hydrogen supply chain.
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Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

Gas (Downstream
Reconciliation) Rules
2008

These Rules superseded the Reconciliation Code and provide a set of uniform processes
to enable the fair, efficient, and reliable allocation and reconciliation of downstream gas
quantities. The Rules took effect from 2 October 2009, and allow for an Allocation Agent to:
• gather information about gas injection and consumption.
• allocate daily gas quantities to retailers at gas gates.
• reconcile downstream gas quantities.

The Gas (Downstream Reconciliation) Rules will
require review and potential amendments to
ensure they adequately account for changes to
direction of gas flows in a fully hydrogen or
blended gas system. For example, increased
injection of gas into the downstream network, gas
mixtures in the network (differing CV) and
deblending may necessitate changes to
procedures for allocation and reconciliation of
gas quantities.

Gas (Switching
Arrangements) Rules
2008

These Rules codified existing arrangements that enable consumers to choose, and
alternate efficiently between competing retailers. They provide for a centralised Gas
Registry that stores key information about every consumer installation, facilitates the
switching process, and monitors switching timeframes from initiation through to completion.

Switching rules may not be affected by changes
to the gas supplied.

Gas Governance
(Compliance) Regulations
2008

These Regulations establish a number of compliance processes and key compliance roles,
including the Market Administrator, an Independent Investigator and a Rulings Panel, and
allow for the following rules and regulations to be monitored and enforced to ensure the
integrity of key markets:
• Gas (Switching Arrangements) Rules 2008
• Gas (Downstream Reconciliation) Rules 2008
• Gas Governance (Critical Contingency
Management) Regulations 2008 The role of Market Administrator is performed by Gas
Industry Co. The Independent Investigator function has a range of powers to investigate
and report on allegations of breaches of the rules and regulations. The Rulings Panel, an
independent body appointed by the Minister of Energy and Resources, approves or rejects
settlements referred to it by the Investigator and determines breach allegations that are
unable to be settled, or in respect of which a settlement has not been approved.

The Gas Governance (Compliance) Regulations
will require review and potential amendments to
ensure that they remain up-to-date given
potential amendments to the rules and
regulations that they govern.

81

New Zealand H2 pipeline feasibility
Technical Report

Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

Gas Governance (Critical
Contingency Management)
Regulations 2008

The purpose of these Regulations is to achieve the effective management of critical gas
outages and other security of supply contingencies without compromising long-term
security of supply. They provide for the appointment of a Critical Contingency Operator
(CCO), which is responsible for determining, managing, and terminating critical
contingencies, as well as associated activities, such as training and conducting exercises.

Review and potential amendments required to
ensure gas outages and security of supply
contingencies can be effectively managed, given
the changes to flows in the network, potential
increase in number of producers (including
increased supply variability) and injection points
and the potential for large-scale hydrogen
storage.

Retail Gas Contracts
Oversight Scheme

Ensure retailers’ supply contracts with small consumers are in the long-term best interests
of those consumers.
Ensures an efficient market structure for the provision of gas metering, pipeline and energy
services.
Requires that industry contracts provide clear information regarding the respective roles of
gas metering, pipeline and gas retail participants.

Requires review to determine whether
amendments are required to cover the supply of
hydrogen and hydrogen blends.

Gas Distribution Contracts
Oversight Scheme

Principles for contract arrangements between gas distributors and retailers, including an
assessment regime by independent assessors.
The Gas Distribution Contracts Oversight Scheme and its associated contract assessments
contribute to ensuring consistent standards and protocols, and that the terms for retailers
using distribution networks are fair and reasonable.
Ensures an efficient market structure for the provision of gas metering, pipeline and energy
services.
Requires that industry contracts provide clear information regarding the respective roles of
gas metering, pipeline and gas retail participants.

Requires review to determine whether
amendments are required to cover the supply of
hydrogen and hydrogen blends.
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10 Economic analysis
Based on the assumptions and infrastructure requirements of the Integrated Energy System Scenario,
a detailed economic assessment has been performed to evaluate the role of hydrogen in New Zealand’s
energy system from an economic perspective.
Total capital and operating costs of the conversion of the infrastructure for hydrogen delivery were
estimated, together with an indicative unit cost for the supplied hydrogen across the years of
implementation and operation of the system. We have also produced a forecast of the cost of electricity,
as this is the main contributor to the final cost of hydrogen. The cost of hydrogen was then compared
with the cost of hydrogen from relevant literature and with the cost of natural gas.
All prices included in this section are expressed in real NZ$ prices for the year 2020.

10.1 Cost of hydrogen production
The introduction of hydrogen in New Zealand’s energy system requires the construction and installation
of a variety of infrastructure components across the hydrogen supply chain. In this section we consider
the costs associated with the supply of hydrogen in the Integrated Energy System scenario, including
the substantial production capacity and hydrogen storage facility, in order to calculate a unit cost of
hydrogen supplied to the network. The costs associated with the changes to the network infrastructure
required to transport hydrogen to end-users are considered in Section 10.2.
The main components of the hydrogen supply infrastructure in the Integrated Energy System scenario
are:
•

Electrolysers
Based on our analysis, a total capacity of 1.9 GW of electrolysers will need to be installed by 2035
to produce roughly 200 kt of hydrogen per year to supply the network with a blend of 20% hydrogen.
This will have a total capital cost of around NZ$ 3.3 billion. Additional electrolyser capacity of 6.6
GW would be installed by 2050 to produce 1.25 Gt/yr of hydrogen to supply the 100% hydrogen
network, contributing to an additional cost of NZ$ 11.6 billion.

•

Storage
Dedicated inter-seasonal hydrogen storage with capacity of about 18 PJ (or 5 TWh) will be provided
by geologic storage in the Taranaki area from 2045. The cost of storage infrastructure is estimated
to be of the order of NZ$ 200 million. Additional NZ$ 200 million are expected to be required for
~9 PJ (or 2.5 TWh) of cushion gas and NZ$ 600 million for compressors of total capacity of 11GW.

An overview of the key expenditure components in this project is provided in Table 25. More detail on
the on the development of these costs is given in Appendix 13.8.
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Table 25: Key expenditure components in our core scenario
Item

Quantity

Capex (NZ$ Million)

Opex (NZ$ Million/yr)

Hydrogen generation
Electrolysers

8.5 GW capacity

14,900

427 (at full capacity)

Hydrogen storage
Storage wells
infrastructure

5 TWh (18 PJ)
capacity

200

8

Storage compressors

11 GW capacity

600

35

Cushion gas

2.5 TWh (9 PJ) H2

200

0

15 (single unit),
25 (two units)
33 (three units)

0.9 (per unit)

Hydrogen network
Transmission
compressors

Depending on
replacement
schedule32

New distribution pipeline

400 km new
pipeline

250

0

New District Regulator
Stations

140 new stations

21

0

10.1.1 Electricity costs
The cost of electricity is the major input to the delivered cost of green hydrogen in all scenarios. A
projection of future electricity costs was produced for a set of options, related to the type of infrastructure
supplying electricity to the electrolysers. The following options were investigated:
•

Grid connection: Referring to the cost of electricity for electrolysers connected to the grid and
supplied with electricity purchased on the wholesale market.

•

Dedicated renewable energy sources (RES): Considering dedicated wind and solar away from
the grid and directly connected to one or multiple electrolysers

•

Mixed supply: Average cost of electricity for a system of electrolysers able to connect to the grid
and dedicated RES.

In the early years of the transition of the gas network to hydrogen (when the hydrogen volumes are
lower) we assume that the electrolysers are supplied from the grid, as this is likely to enable them to
operate at the highest capacity factor. As hydrogen demand increases through the 2040s (and
particularly once the large-scale hydrogen storage is in operation from 2045) an increasing contribution
from dedicated renewables to hydrogen production is likely and could have a beneficial impact on
hydrogen cost.
By 2050, we assume that the ‘Mixed Supply’ is the most likely case. The operational flexibility afforded
by large-scale storage means that electrolysers can be operated to use electricity at times that it would
otherwise be curtailed due to lack of demand in the power sector. This electricity would therefore be
available at very low cost. However, as was shown in Section 8.2, a large proportion of New Zealand’s
32

Depending on the number of compressors that will be installed, this component could represent a saving,
compared with the cost of the current natural gas network.
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electricity generating capacity in 2050 is needed to generate electricity for electrolysis. We assume that
this is essentially ‘dedicated renewables’ and will be available at a price equivalent to the levelized cost
of generation for large-scale wind and solar. Our analysis suggests that these dedicated renewables
could supply as much as 90% of the overall demand for electrolysis in the Integrated energy system
scenario, with 10% supplied by low-cost electricity from the wholesale market (when wholesale prices
are low). We assume that electrolysers are located near to the dedicated renewables. Hence there is
no additional investment required in the electricity transmission network, as the electricity produced by
this generating capacity is not fed into the electrical grid.
An alternative assumption would be that the electrolysers purchase all electricity from the wholesale
market, rather than from dedicated renewables. Electricity market modelling has not been undertaken
but given that the system would be fundamentally the same, i.e., the same demand for electricity (both
from the power sector and for hydrogen production) and therefore the same generation required, it
seems likely that average wholesale price would need to be similar to the average price in the mixed
supply case. However, if electrolysers and generation were not co-located and all electricity was
obtained from the wholesale market, then additional charges may apply, such as transmission and
electricity market charges.
The 2050 electricity cost for the dedicated renewables was forecast at 61 NZ$/MWh. The projection is
based on the LRMC cost of wind generation.
The 2050 electricity cost for mixed supply option was estimated at 55 NZ$/MWh, with a 10% reduction
on the average electricity price from dedicated renewables. This estimate assumes that electricity is
supplied by the grid only at off-peak times when the cost of electricity is very low (based on curtailment
of grid-connected renewables) or near-zero. Any additional supply is provided by dedicated wind and
solar generation.

10.1.2 Unit cost of hydrogen
Our economic analysis generated a cost of hydrogen based on the capex, opex and cost of capital for
the infrastructure, and the cost of electricity and water required to produce hydrogen. The unit cost of
hydrogen has been estimated for each year of the system conversion from 2025 until 2050, based on
the annual costs and annual hydrogen demand. The cost of hydrogen between 2051 and 2060 also
includes the cost of rebuild of the aging electrolysers, assuming steady hydrogen demand and fuel cost
as in 205033. It is important to note that all costs calculated though this economic analysis represent the
cost of hydrogen supply to the network, not a delivered cost to the end-user.
As described above, when assessing the cost of hydrogen over the years prior to 2050, we initially
assume the grid supply of electricity, but as the hydrogen demand on the network ramps up in the
2040s and once the large-scale hydrogen storage facility is operating, we assume that electrolysers
can access a mixed supply of low-cost grid electricity and generation from dedicated renewables (up to
90% dedicated renewables and at least 10% low-cost grid electricity in 2050).
A breakdown of the annual cost of hydrogen for all years of the project is shown in Figure 27 and Figure
28 with costs expressed in NZ$/MWh and NZ$/kg respectively.

33

Note that the costs of hydrogen production and storage presented here assume the transmission network operates at current
MAOP (see Section 9.2 for a discussion of the full and reduced MAOP cases). If the transmission system is not able to operate
at the current MAOP, costs would be higher, due to more limited storage operation.
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Figure 27: Annual hydrogen cost in the core scenario in NZ$/MWh

Figure 28: Annual hydrogen cost in the core scenario in NZ$/kg
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The average cost of hydrogen over the course of the conversion of the energy system between 2025
and 2050 is 120 NZ$/MWh or 4.0 NZ$/kg. The cost of hydrogen produced in 2050 is lower, amounting
to 98 NZ$/MWh or 3.26 NZ$/kg.
The largest contributor to the cost of hydrogen is the cost of electricity, followed by capex and opex
costs of the electrolysers. “Other” costs including the cost of implementation and operation of the interseasonal storage and the cost of water for the electrolysers are in comparison marginal.
In the earlier years, while the new hydrogen system is still in partial implementation, the cost contribution
for capex and opex of the electrolysers is higher than from 2050 onwards, when the hydrogen system
is complete and running at full capacity. In fact, in the earlier years the electrolysers are intentionally
temporarily oversized for the annual demand, as they are built to supply higher demand in the years to
come. As a result, annual infrastructure cost per unit of hydrogen produced is higher than in the following
years.
The cost contribution for the use of electricity is also significantly reduced in the later years. This is both
due to the gradual reduction in the cost of renewable electricity over time, and due to the change around
2045 from the electricity supply through grid connection towards a mixed supply from dedicated
renewables and grid connection.

10.1.3 Hydrogen cost comparison
Our projections for the cost of hydrogen produced in 2050, based on the infrastructure costs and
electricity price assumptions described above, have been compared with hydrogen cost projections for
Australia and New Zealand derived from literature:
•

Australia Roadmap 203034: Outlining a general cost target for hydrogen produced in Australia by
2030.

•

Castalia 2020-2050 Grid35: New Zealand projection, assuming electricity is supplied by the grid and
dedicated wind generation. Average electrolyser load factor 90%.

•

Castalia 2020-2050 Dedicated wind35: New Zealand projection, assuming electricity is supplied by
dedicated wind generation. Average electrolyser load factor 37%.

The results of this comparison are shown in Figure 29.

34
35

CSIRO National Hydrogen Roadmap
Castalia - Modelling hydrogen pathways for MBIE: Model results
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Figure 29 :Cost of hydrogen in our core scenario compared with other hydrogen cost estimates
in NZ$/kg. The exchange rate utilised to convert from AU$ to NZ$ is 1.10.
From this analysis, the hydrogen costs projected for the Integrated Energy System Scenario appear to
be comparable with sources from other literature but higher than the target cost set in the Australia
Hydrogen Roadmap.
A comparison between the cost of hydrogen in 2050 in our Integrated Energy System Scenario and the
cost of natural gas in 2050 is provided in Figure 30. The three projections for the cost of hydrogen refer
to natural gas produced in New Zealand under different commercial scenarios and values of carbon
price:
•
•
•

Natural gas 2050 High: High cost of gas (19.5 NZ$/GJ) and high carbon price (200 NZ$/tCO 2)
Natural gas 2050 Mid: Medium cost of gas (6.7 NZ$/GJ) and medium carbon price (100
NZ$/tCO2)
Natural gas 2050 Low: Low cost of gas (5 NZ$/GJ) and low carbon price (50 NZ$/tCO 2).

The low, mid and high values of cost of gas are based on historic wholesale costs of gas in New Zealand
(no carbon price included). In particular, the low value refers to pre-2018 typical wholesale gas prices,
the mid value refers to the 2019 wholesale price of natural gas and the high value represents the highest
peak price of natural gas from October 201836,37.
The low, mid and high values of carbon price are based on relevant carbon price scenario projections
for the gas industry37.

36
37

MBIE 2020 Energy prices
Concept 2019 Long term gas supply and demand scenarios – 2019 update
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Figure 30: Cost of hydrogen in our core scenario and other fuels in NZ$/GJ
There is a high uncertainty on the future cost of natural gas and on the amount of the associated carbon
price. However, the cost of natural gas appears to be generally lower than the cost of hydrogen in our
core scenario, except in the high price scenario for natural gas.
A further relevant comparator for the price of hydrogen in our core scenario is the price of electricity in
a net-zero system achieved through electrification. The implication of a highly electrified system is that
most of the energy demands met by hydrogen in our core scenario would need to be met with low
carbon electricity. A detailed analysis of a highly electrified energy system has not been undertaken in
this study. However, such a system would also require a large amount of additional renewable electricity
generation.
The required generation capacity in a highly electrified scenario may be less than in our Integrated
energy system scenario, as energy losses during electrolysis are avoided. Conversely, however, the
lack of storage and the peakiness of the electricity demand would likely result in high levels of
curtailment: increasing the generation capacity required (it is likely in a highly electrified system that
some additional form of long-term electricity storage would be required in the system, for example the
proposed pumped hydro facility at Lake Onslow).
Additionally, in a highly electrified system there would be a requirement for significant investment in
electricity transmission and distribution networks to meet the increased peak electricity demands, which
is not required in the Integrated energy system scenario (under the assumption that electrolysers are
located close to renewable generating plants, i.e., not using the transmission grid to connect between
them). Indeed, a number of studies that have compared the costs of highly electrified systems versus
systems involving a large contribution of green hydrogen in the energy mix, similar to our core scenario,
have shown that the green hydrogen systems have potential to be lower cost overall for an equivalent
level of carbon reduction. For reference see a recent study on the benefits of gas infrastructure to costeffective decarbonisation of New Zealand’s energy system.38

38

Gas infrastructure futures in a Net Zero New Zealand, 2018, Vivid Economics
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10.2 Hydrogen delivery costs
The delivery of hydrogen to all customers on the network will require upgrades to repurpose the existing
transmission and distribution networks for the transport of hydrogen. Compared with the cost of
hydrogen production, these costs are relatively small and are expected to have only a minor impact on
the final cost of hydrogen to the customers.
•

Transmission network: Compressors
By 2035 electrolysers are expected to be able to provide an injection pressure of around 80 bar.
Consequently, in our core scenario the new 100% hydrogen network in 2050 will require only 9
compressors to maintain adequate pressure in the transmission network, compared with 20
compressors that are currently installed and 13 compressors that are expected to be required in
future in a business-as-usual scenario of a continued natural gas network (see section 9.3.2). This
would result in an overall reduction in capex and opex of the transmission network.

•

Distribution network: Additional pipeline
Roughly 400 km of new distribution network pipeline has been estimated to be needed to reinforce
the current networks in most urban areas, extending the current total length of the networks by
around 2%. The upgrade will need to be performed before the transition of the local network from
20% hydrogen blend to 100% hydrogen, occurring between 2035 and 2050. The cost of this
additional pipeline is estimated at around NZ$ 250 million. The estimation of additional pipeline
requirement was based on detailed modelling of the Hamilton network using the Synergi modelling
packages, which estimated that around 34 km of additional distribution pipeline would be required,
corresponding to 2.3% of the local network. This result was extrapolated to estimate the
requirement in other distribution networks on the basis of a total length of all distribution networks
in the North Island of ~18,000 km.

•

Distribution network: Additional District Regulating Stations (DRSs)
Around 140 additional District Regulating Stations (DRSs) will be required across all gas distribution
networks, contributing to an additional cost of NZ$ 21 million. The number of stations required was
estimated from detailed modelling of the Hamilton network using the Synergi modelling packages.
The model results show that 9 DRSs will be required in the Hamilton distribution network in addition
to the current 38 stations. The number of additional stations for New Zealand was estimated by
scaling up the Hamilton results proportionally with the current number of DRSs in the country.
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11 Next steps for a hydrogen gas network
This section sets out the activities that need to be undertaken prior to introducing either a blend of
hydrogen or 100% hydrogen into the networks to deliver the scenarios we have outlined in previous
sections.
Many of these activities rely on the outcomes of research and development (R&D) and demonstration
projects ongoing overseas. We have therefore undertaken a review of this overseas work to identify the
gaps in the research or where activities require demonstration projects in New Zealand or research
specific to the New Zealand context. We also considered the timing of these overseas projects to
understand when we might have more data to inform the trial programme.
We have assessed and analysed the status of global research against New Zealand’s transmission and
distribution networks to determine which areas of technical evidencing have already, or we expect will
be satisfied through global research, and which areas will require demonstration through “in country”
trial programmes Table 26 and Table27 summarise global R&D, identifying the areas that “in country”
programmes will need to address.
We have used this assessment to inform our recommendations to Firstgas and the wider industry of
the structure and content of a potential trial programme to fulfil the remaining knowledge gaps and help
raise public awareness. In section 11.4 Firstgas has identified existing network facilities that may be
suitable to support these trials and where these may be located on the network.
Status of Research, Development and
Demonstration
Transmission Network Components

Hydrogen blends
(up to 20% H2)

Pure hydrogen

Steel transmission pipelines (X52 and below)
Steel transmission pipelines (above X52)
Pipeline fittings - tee's / bends / flanges (X52 and below)
Pipeline fittings - tee's / bends / flanges (above X52)
Reciprocating compressors
Mainline valves
Pressure reduction stream components at delivery points
Pig launchers / receivers and associated pipework
Ultrasonic meters
Turbine meters
orifice plate meters
Industrial end user combustion equipment
Legend:
Demonstrated through global R,D&D programs
Demonstrated through global R,D&D, requiring demonstration
Anticipated to be demonstrated through global R,D&D programs
Anticipated to be demonstrated through global R,D&D programs, requiring demonstration
Not covered by global R,D&D programs, requiring demonstration
Table 26: Transmission Network Assessment
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Status of Research, Development and
Demonstration
Distribution Network Components

Hydrogen blends
(up to 20% H2)

Pure hydrogen

Steel pipelines
Mechanical joints
Polyethylene pipelines (MDPE / HDPE)
Polyethylene pipelines (pre-1985)
Valves
Steel pipeline fittings- tee's / bends / flanges
Repair collars
MDPE / HDPE pipeline fittings - tee's / bends / flanges
MDPE / HDPE pipeline fittings - tee's / bends / flanges (pre-1985)
District Regulator Station’s
Meters – Ultrasonic
Meters – Turbine
Meters - Bellow type
Industrial / Commercial end user combustion equipment
Domestic appliances
Legend:
Demonstrated through global R,D&D programs
Demonstrated through global R,D&D, requiring demonstration
Anticipated to be demonstrated through global R,D&D programs
Anticipated to be demonstrated through global R,D&D programs, requiring demonstration
Not covered by global R,D&D programs, requiring demonstration
Table 27: Distribution Network assessment

11.1 Hydrogen network roadmap
Prior to the introduction of hydrogen into New Zealand’s gas system, there are activities that will need
to be undertaken to make sure the network can be safely operated on a hydrogen blend or 100%
hydrogen. The following activities have been identified:
•
•
•
•
•
•
•
•
•
•

Public Acceptance
Network Capacity Assessment
Consumer Equipment Assessment
Technical Evidencing
Regulatory Change
Safety Assessment
Commercial Arrangements
Conversion Strategy
Network Modifications
Operating Procedures

Table 28 sets out these activities in more detail. Some of these activities are specific to the pipeline
networks, which would be led by Firstgas. Other activities are broader government/industry activities
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that may be better led outside Firstgas. Some activities could be progressed in parallel, while some
are sequential as they build on previous phases of work. Finally, some activities will depend on the
outcomes of overseas research, development and demonstration (RD&D) programmes to define the
exact gaps.

11.2 Assessment of relevant global RD&D
Many gas transmission and distribution network operators around the world are facing the same
challenges as New Zealand. As a result, there are a number of RD&D programmes planned, underway
or completed. Where appropriate and applicable, overseas research will be used to provide the
technical evidence required for New Zealand’s networks. Where gaps specific to New Zealand’s
networks remain, the proposed demonstration programme as part of technical evidencing will address
these issues.
A summary of the key projects that could provide relevant information are listed in Table 29 below. It
should be remembered that this is a dynamic environment with new projects announced regularly. It is
therefore essential that global RD&D is closely tracked to identify projects that could contribute further
to the technical evidencing programme.
The sections following Table 29 discuss how the RD&D programmes listed in the table apply to the
roadmap activities listed in section 11.1.
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Table 28: Hydrogen gas network roadmap activities
Activity

Description

Firstgas Led

Dependencies

Public Acceptance

Raising public awareness of the proposed introduction of hydrogen blends/100%
hydrogen into the network, building acceptance of safety and ensuring support for
hydrogen as a decarbonisation option.

No. Firstgas will be a
major contributor.

None

Network Capacity
Assessment

Study to determine whether the current network can deliver enough energy to meet
projected demand and the modifications required.
This current project has undertaken a capacity assessment and this activity based on
our projected demand scenario’s.

Yes.

None

Consumer Equipment
Assessment

Assessment of consumer appliances and process gas applications to determine any
modifications required to change to hydrogen blends/100% hydrogen, including:
•
Survey of types of equipment connected
•
Assessment of whether this equipment can operate safely
•
Modifications required
•
Cost to modify equipment
•
Conversion strategy

Yes, with high input from
industry.

Appliance manufacturers
RD&D programmes
Initial inventory of
equipment could be
undertaken straight away.

Technical Evidencing

Demonstration that the materials and components in the existing gas networks can
operate on hydrogen blends/100% hydrogen. This will involve:
•
Consultation with regulators to agree what needs to be evidenced
•
Assessing research from overseas
•
Physical trials where gaps exist in overseas research or research cannot be
applied in New Zealand
•
Identification of network modifications required to accept hydrogen
blends/100% hydrogen

Yes, with high input from
regulators and other
network owners

Applicable overseas
RD&D
Regulatory Change

Regulatory Change

Review of existing regulations to identify gaps/conflicts, develop options for changes to
regulations and implementing changes.

No. This activity would
ideally be led by central
government with input
from Firstgas. MBIE /
Standards NZ have
already started reviewing
standards for hydrogen

None

Safety assessment

Development of an end-to-end quantitative risk assessment to assess the comparative
risks between operating the networks on methane and hydrogen

Yes, with high input from
regulators

Overseas research
Technical evidencing
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Activity

Description

Firstgas Led

Dependencies

Commercial
Arrangements

Assessment of the necessary changes to commercial arrangements to account for the
different calorific value of hydrogen in a blend and different flows in the network due to
dispersed hydrogen production. This would include consideration of:
•
Metering
•
Allocation
•
Gas quality liability
•
Transmission and distribution charging

Yes, with input from
shippers, gas users,
producers and regulators
(GIC and Commerce
Commission).

Meter recalibration

Conversion Strategy

Detailed planning of the conversion of the network (building off the work in this report)
with consideration of:
•
End user requirements
•
Producers build out
•
Modifications required to the network to accept hydrogen blends/100%
hydrogen
We have completed an initial version of this in the current study. It will need to be
verified as the hydrogen market develops.

Yes, with high input from
network owners

Safety Assessment
Network capacity
assessment
Consumer Equipment
Assessment
Technical Evidencing

Network Modifications

Developing the programme of works for the modification of network to be ready for
hydrogen blends/100% hydrogen and phasing to match the conversion strategy.

Yes

Network capacity
assessment
End user equipment
assessment
Technical evidencing
Regulatory Change (or
understanding of what will
be changed)

Operating Procedures

Amendments to operating procedures to reflect operation on hydrogen blend/100%
hydrogen.

Yes, with high input from
regulators and other
network owners

Technical evidencing
Overseas research.
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Table 29: Summary of relevant global research projects
Programme

Region

Objectives

Project

Projected year
of completion

APGA Future Fuels
CRC – Research
Programme 1
(RP1)39

Australia

The FFCRC working group consists of a combination of
industry experts, government representatives and academic
researchers to cover multiple streams of technical
evidencing required to decarbonise Australia’s energy
networks using hydrogen and biomethane.
“RP1 Future fuel technologies, systems and markets” is a
20+ topic research stream focusing on technical and
economic details for hydrogen production equipment and
effects of hydrogen on end use equipment.

Research

2021 - 2023

APGA Future Fuels
CRC – Research
Programme 2
(RP2)

Australia

FFCRC “RP2 - Social acceptance, public safety and
security” of supply is a 15+ topic research stream focusing
on standard practice, public acceptance and regulatory
changes required to transition to a decarbonised gas
network system.

Research

2022 - 2023

APGA Future Fuels
CRC – Research
Programme 3
(RP3)

Australia

FFCRC “RP3 Network lifecycle management” is a 30+ topic
research stream focusing on quantifying and combatting
key issues of equipment material compatibility and
performance under hydrogen service.

Research

2021 - 2024

Clean Energy
Innovation Hub

Australia

An Australian first that integrates renewable hydrogen
production plus fuel cell technology with a renewable
energy stand-alone power system in a “living lab” microgrid
setup.

Mix of Research
and
Demonstration

2021

39

Approx.
value

AUD$91M

AUD$5.3M

Firstgas is a member of the Future Fuels CRC and is closely following its work and application to New Zealand
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Programme

Region

Objectives

Project

Projected year
of completion

Approx.
value

Hydrogen Park
South Australia

Australia

Australian Gas Infrastructure Group (AGIG) Hydrogen Park
SA will be Australia’s largest renewable gas project and the
first to blend hydrogen with natural gas for supply to
customers using the existing gas network. Renewable
hydrogen will be produced using a 1.25MW electrolyser and
will be blended with natural gas and supplied to more than
700 nearby homes and businesses via the existing gas
network. The facility will also include a small vessel for
hydrogen storage and a unit for blending with natural gas.

Demonstration

2020 onwards

AUD$11.4M

Hydrogen Test
Facility – ACT Gas
Network

Australia

This project comprises of a test facility which incorporates
an electrolyser producing renewable hydrogen using solar
panels, a small replica network, representative customer
piping, storage for hydrogen and a small replica distribution
network. The replica network is made from polyethylene
and nylon pipes, valves and various joints and fittings in a
sand box supported by meters and regulators at the outlets.
Renewable hydrogen will flow through the replica network
and into a customer piping setup connected to various
appliances including an instantaneous hot water system
and a four-burner cooktop.

Demonstration

2020 onwards

AUD$22.1M

Western Sydney
Green Gas Project

Australia

Jemena’s Western Sydney Green Gas project is the most
comprehensive hydrogen trial in Australia. In partnership
with the Australian Renewable Energy Agency (ARENA),
the $15 million trial will test three distinct areas: renewable
energy generation, safe storage of hydrogen and natural
gas blended together in existing infrastructure, and
Production of hydrogen for low emission transport.
Commenced in 2018, the New South Wales project will
enable green gas utilisation by large industrials, business
and residential customers

Demonstration

2020 onwards

AUD$13.2M
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Region

Objectives

Project

Projected year
of completion

Approx.
value

Hydrogen in the
Gas Distribution
Networks

Australia

The Working Group is comprised of six work streams, of
which one is Hydrogen in the gas networks. Under this work
stream, a kickstart project was established to “commence
work to allow up to 10vol% hydrogen in the domestic gas
network, both for use in place of natural gas and to provide
at-scale storage for hydrogen”.

Research

2020

Undisclosed

HyNTS Programme
– Phase 1

UK

Phase 1A to build a transmission test facility at DNV GL
Spadeadam

Demonstration

Phase 1 - 2023

£9M

HyNTS Programme
– Phase 2

UK

Phase 1B to test the compatibility and integrity of the UK
national transmission system assets with hydrogen blends
up to 100% hydrogen.

Demonstration

Phase 2 –
anticipated 2024

£15M
(estimated)

HyNTS Programme
– Phase 3

UK

Phase 1C to update the UK national transmission system
quantitative risk assessment (QRA) and safety case

Demonstration

Phase 2 –
anticipated 2026

£20M
(estimated)

HyDeploy
Programme

UK

The purpose of HyDeploy is to demonstrate that hydrogen
can safely be blended into the UK's gas grid at 20vol%
without prejudicing the safety of end users or modifying
appliances.

Demonstration

Closed network
trials complete
Live network
trials due to start
2021

£6.7M

ENA Gas Goes
Green Programme

UK

Gas Goes Green is a collaborative industry programme that
aims to transform the UK's network into a world-first net
zero gas grid.

Research

2021

Undisclosed

NGN H21
Programme

UK

The objective of the H21 programme is to demonstrate the
feasibility of converting the existing natural gas network to
100% hydrogen and provide a contribution to decarbonising
UK’s heat and power sectors with the focus on finding a
green alternative to natural gas.

Demonstration

2022

£16.9M

SGN H100
Programme

UK

A programme of projects with the ultimate goal of building
the first 100% hydrogen distribution network in the world

Research,
Demonstration
and
Implementation

Operational by
2022

£24M
(estimated)
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Project

Projected year
of completion

Approx.
value

BEIS Hy4Heat
Programme

UK

The programme is broken into 10 work packages, aiming to
establish if it is technically possible, safe, and convenient to
replace natural gas with hydrogen in residential and
commercial buildings and gas appliances.

Research and
Demonstration

2021

£25M

HyGrid2Vehicles

UK

The objective of the project is to determine whether the gas
network can be re-purposed to create added value from
existing infrastructure. The study will investigate the
contaminations made by the hydrogen supply chain, in
order to determine whether a cost-effective
separation/purification system can be developed which
allows hydrogen to be taken from the gas grid, either pure
hydrogen (100%) or hydrogen-enriched natural gas, and
used at hydrogen refuelling stations for fuel cell vehicles.

Research and
Demonstration

2021

£2.5M

European
Hydrogen
Backbone

Europe

A group of eleven European gas infrastructure companies
have prepared a plan for a dedicated hydrogen transport
infrastructure. The project aims to develop a pan-European
gas transmission network through the repurposing of
existing pipelines and new infrastructure.

Research,
Demonstration
and
Implementation

6,800km
planned to be
operational by
2030 (75%
repurposed
infrastructure)
23,000km
operational by
2040.

27–64b euro

Ghent University
hydrogen materials
interaction study

Europe

The project is undertaking a detailed evaluation of the
interaction between hydrogen and high strength steels to
understand and predict potential issues of hydrogen.

Research

2021

Undisclosed
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11.2.1 Network capacity assessment gaps in RD&D
The capacity modelling in this report has assessed the capacity of the networks to deliver the forecast
hydrogen demand. Modelling for the transmission network is complete. As an indication of the capacity
in the distribution networks this report has only modelled the Hamilton network, further capacity
modelling will be required for each individual distribution network.

11.2.2 Consumer equipment assessment gaps in RD&D
Demonstration projects in Europe and Australia, such as the UK’s HyDeploy programme are assessing
the impacts hydrogen blends on consumer equipment. It is anticipated that these programmes will prove
that most existing equipment can operate on blends up to 20% hydrogen. Following the outcomes of
this research Firstgas will be able to match up these demonstration project outcomes with the results
of an inventory of the equipment on their system to see if testing of other equipment is required prior to
introducing a blend.
Existing appliances will not operate with 100% hydrogen and will require changing for hydrogen enabled
models, or modifications to burners. Several global projects have been completed, are in flight or
planned to assess the impacts of hydrogen conversion. In the UK, the BEIS Hy4Heat programme has
carried out extensive research assessing the impacts of converting commercial, industrial and domestic
combustion equipment from natural gas to hydrogen. Similar research has been completed by the
Australia Future Fuels Cooperative Research Centre for Type B appliances.
The key findings from the RD&D programmes completed on 100% hydrogen to date are that there are
some challenges relating to changes in heat transfer characteristics, increased NOx emissions and
changes in flue gas composition. There are various solutions being investigated to these challenges,
which are not considered material.
Appliance manufacturers are also developing new “hydrogen enabled” models, which can be switched
over from natural gas to hydrogen duty with a technician visit. This avoids the need to replace
equipment. It is anticipated that these models will be commercially available in New Zealand before
the planned conversion to 100% hydrogen in 2035. This will reduce the cost to consumers of conversion
of the network as hydrogen enabled equipment can be introduced as old equipment is retired.
Our future demand projections also demonstrate a role for hydrogen, transported through the gas
networks for transport applications. Several global studies are assessing the suitability of gas networks
to transport hydrogen for transport applications. Hydrogen purity is a key consideration for transport
applications, with fuel cells requiring 99.97% purity levels. The HyGrid2Vehicle programme has found
that impurities found in the UK’s gas networks have an impact on hydrogen purity which could adversely
affect fuel cells. RD&D will be required to ascertain if hydrogen transported through New Zealand’s gas
networks can meet fuel cell specification and what, if any, further treatment is required.
Assessing the impacts of hydrogen conversion in New Zealand will require engagement with consumers
and equipment manufacturers to address the technical aspects of conversion.
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11.2.3 Technical Evidencing gaps in RD&D
There are numerous international projects which are assessing the impacts of hydrogen conversion on
the materials and components found in New Zealand’s transmission and distribution networks.
Projects such as the HyNTS programme are designed to demonstrate how blends of hydrogen, (up to
100%) will impact transmission pipelines and associated components under operational conditions.
Ghent University is carrying out an extensive programme to determine the impacts of hydrogen
embrittlement on the metallic components and other materials found in gas transmission and
distribution networks. The data and technical evidence delivered by these projects will result in addenda
to design specifications and guidance notes identifying the actions required to repurpose the gas
transmission and distribution networks.
The H21 programme is undertaking physical trials to assess the impact of hydrogen conversion on
distribution network pipelines and components. The project is testing how network assets will perform
when converted to hydrogen operations and will provide the evidence to produce a quantitative risk
assessment to demonstrate that operating a distribution network with hydrogen is as safe as operating
on natural gas.
Projects in Australia are already blending hydrogen with natural gas to supply consumers with a partially
decarbonised gas. The Hydrogen Park South Australia project has started to supply customers with a
5% hydrogen blend and the Western Sydney Green Gas Project will start injecting hydrogen, (initially
a 2%) hydrogen blend by the end of 2020. Both programmes intend increasing blending ratios over the
course of the trials. These are the type of pilot projects that can provide confidence for network
operators within New Zealand.
In terms of gaps in technical evidencing, we are confident that the configuration, materials and
components that make up New Zealand’s transmission and distribution networks are similar
components to those that make up other global gas networks. The make and model of components
found in New Zealand’s gas networks are predominantly the same as components being assessed in
the various trials in the UK, Europe and Australia. However, we do not yet have a detailed inventory of
all the components being tested and this is unlikely until the trials are complete. Firstgas will therefore
need to monitor the trials and assess where there are gaps in testing. Firstgas can then develop the
detailed programme of outstanding technical evidencing required to prove the suitability of components
for conversion to hydrogen.
Furthermore, consultation and engagement with gas industry and safety regulatory bodies will be
required to demonstrate the applicability of global technical evidencing to New Zealand’s transmission
and distribution networks.
We therefore consider that global research will provide most of the technical evidencing and operational
data to allow conversion of both the transmission and distribution networks. However, we recommend
demonstration programmes are developed to address any gaps in knowledge specific to New Zealand’s
network components and configurations.
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11.3 RD&D required in New Zealand
Table 30 below sets out the technical aspects that will need to be addressed in New Zealand to verify
that the transmission and distribution networks can safely convert to hydrogen blend/100% hydrogen.
We have assessed these against global RD&D programmes to understand where research and
demonstration projects will need to be done in New Zealand as we anticipate they are not covered
elsewhere. It details what technical evidence we expect to be delivered from global RD&D programmes,
what gaps we expect and what we will need to deliver from the demonstration programme to fill any
remaining knowledge gaps.
The key gaps that have been identified are:
•

Off-grid distribution system trials will be required on the following components:
o Polyethylene (PE) pipework
o Metallic pipes
o Valves
o District regulator stations
o Meters
The final scope of these trials will be informed by the H21 Programme, the ACT Gas Network
Hydrogen Test Facility, the SGN H100 programme and the Western Sydney Green Gas Project.
Whilst these programmes won’t be complete until 2024, information will be delivered over the
duration of these programmes and we recommend Firstgas commence their demonstration
programme as soon as possible.

•

Off-grid transmission system trials will be required on the following components:
o Pipeline materials
o Contamination of the hydrogen stream from existing components
o Valves
o Pressure reduction installations and pre-heating requirements
o Metering
The final scope of these trials will be informed by the HyNTS work, Future Fuels CRC work and
Ghent University work. These programmes will be complete in 2024.

•

Pilot trials will be required on domestic and industrial/commercial end user equipment for use in
blends. This should cover equipment that is not covered by the HyDeploy and Hy4Heat
programmes set to end in 2022.

No trial work is anticipated for the confirmation of the specification or on odorization of hydrogen.
Preliminary work on preparing for these trials could commence sooner. Work on cataloguing the types
of end user equipment and pipeline materials/components in detail could begin at once.
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Table 30: Assessment of technical evidencing requirements against RD&D programmes
Topic

Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

Gas quality

Develop gas
specification for
hydrogen blends

Europe and Australia are undertaking research
that will ascertain the gas composition and
specification modifications required for hydrogen
blends. This will culminate in revisions to
existing gas specifications that will allow the
introduction of hydrogen blends.

HyDeploy
Programme

2021

Global R&D will provide internationally
recognised specifications to be adopted
in New Zealand.
Revision to New Zealand gas
specification NZS 5442 is required.

Gas quality

Develop gas
specification for
100% hydrogen

R&D in Europe and Australia are developing
specifications for 100% hydrogen. The R&D will
deliver hydrogen composition and purity
specifications suitable for hydrogen duty.

Hy4Heat (WP2)

2022

Global R&D will provide internationally
recognised specifications to be adopted
in New Zealand.
Revision to New Zealand gas
specification NZS 5442 is required.

Domestic
appliances
Impact of blends
(<20%
hydrogen) on
combustion

Demonstration
that existing
domestic
appliances will be
able to operate
safely on blends
up to 20%
hydrogen

Global R&D programmes are starting to
introduce blends (up to 20%) hydrogen into
distribution networks to assess the impacts of
hydrogen blends on a range of domestic
appliances.
Global R&D has determined domestic
appliances can operate safely on a blend (<20%
hydrogen)

HyDeploy
Programme
Hydrogen Test
Facility – ACT
Gas Network

2021

New Zealand specific stocktake of types
of domestic equipment fed by gas
networks is required.
Live pilot trial is recommended to prove
safe operation of a sample of domestic
appliances specific to New Zealand.

Industrial /
commercial end
use equipment
Impact of blends
(<20%
hydrogen) on
combustion

Demonstration
that existing
commercial and
industrial
equipment will be
able to operate
safely on blends
up to 20%
hydrogen

Global R&D programmes are starting to
introduce blends (up to 20%) hydrogen into
distribution networks to assess the impacts on a
range of commercial and industrial equipment.
Early results from projects in the UK suggest
that commercial boilers and gas fired combined
heat and power units will operate statistically
with blends up to 20% hydrogen. Australian R&D
is underway to determine suitable blend
percentage for smaller appliances.

HyDeploy
Programme
Future Fuels
CRC

2021

New Zealand specific stocktake of types
of industrial / commercial equipment fed
by gas networks is required.
Live pilot trial is recommended to prove
safe operation of a sample of industrial /
commercial appliances specific to New
Zealand.

2022
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Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

Domestic
appliances
Impact of 100%
hydrogen on
combustion

New appliances
will need to be
developed to
accommodate the
conversion to
100% hydrogen.

Existing domestic combustion equipment will not
likely operate on 100% hydrogen.
Domestic appliances manufacturers are
developing product ranges suitable for operation
with 100% hydrogen. Hydrogen enabled product
lines will be commercially available in the next
few years.

Hy4Heat (WP4)

2021 / ongoing

All gas burning domestic appliances
would need to be replaced for a network
conversion to 100% hydrogen.
Hydrogen enabled product lines will
become commercially available.
New Zealand wide appliance
replacement strategy to be developed in
collaboration with consumers for 100%
hydrogen network conversion.

Industrial /
commercial end
use equipment
Impact of 100%
hydrogen on
combustion

Modifications to
existing
equipment / new
equipment will
need to be
developed to
accommodate the
conversion to
100% hydrogen.

Existing commercial and industrial combustion
equipment will not likely operate on 100%
hydrogen.
In collaboration with the major global commercial
and industrial equipment manufacturers, new
products are being developed for operation on
100% hydrogen. Bespoke solutions to convert
industrial appliances to run 100% hydrogen may
be possible.

Hy4Heat (WP6)

2021 / ongoing

All gas burning appliances are likely to
be modified or replaced for a network
conversion to 100% hydrogen.
Hydrogen enabled product lines will
become commercially available and
bespoke solutions will be developed
within the timeframe for conversion.
New Zealand wide appliance
replacement strategy to be developed in
collaboration with consumers for 100%
hydrogen network conversion.
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Transmission
Network
Pipelines

Transmission
Network
Pipelines

Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

Impact of
hydrogen (blends
/ 100% hydrogen)
on pipeline
materials

Projects such as the HyNTS programme are
designed to demonstrate how blends of
hydrogen, up to 100% will impact transmission
pipelines and associated components under
operational conditions.
Ghent University is carrying out an extensive
study programme to determine the impacts of
hydrogen embrittlement on the metallic
components and compounds found in gas
transmission and distribution networks. The data
and technical evidence delivered by these
projects will result in addendums to design
specifications and guidance notes, identifying
the actions required to repurpose the gas
transmission and distribution networks.
FFCRC is setting up large scale research test
facilities to test the effect of hydrogen on
transmission pipeline material. It may be
possible that representative pipeline samples
from New Zealand networks could also be tested
as part of collaborative research with the
FFCRC.

HyNTS
Ghent University
hydrogen materials
interaction study
European
Hydrogen
Backbone
FFCRC testing
in Australia

2024
2021

The New Zealand transmission pipelines
are constructed from similar materials to
the pipeline materials that are being
tested in the global R&D programmes
Global R&D will provide the
metallurgical evidencing to ascertain the
suitability of New Zealand's transmission
pipelines for transporting hydrogen
(blends / 100% hydrogen). However, a
programme of technical trials may be
required to validate the global R&D
against the New Zealand operating
conditions, welding specifications and
gas compositions.
To adequately validate the global R&D
in the New Zealand operating context,
trials will be required utilising a section
of existing transmission pipeline to
accommodate the testing programme.

The Hydrogen Grid 2 Vehicle project in the UK is
assessing the potential on hydrogen purity from
residual contaminants within the transmission
network

HyGrid2Vehicles
European
Hydrogen
Backbone

Contamination of
hydrogen stream
from pipeline
contamination

Ongoing to 2040
Ongoing to 2024

2021
Ongoing to 2040

New Zealand trials required utilising a
section of existing transmission pipeline
to assess the potential for hydrogen
stream contamination.
New Zealand trials will be necessary to
determine whether further treatment will
be required for fuel cell end use
applications, such as fuel cell electric
vehicles.
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Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Transmission
Network
Compression

Impact of
hydrogen (blends
/ 100% hydrogen)
on in-line
compression
performance

Global R&D programmes are assessing
compressor performance on hydrogen blends,
and 100% hydrogen duty. Compressor power
requirements to transport hydrogen will increase
and fleets are likely to require modification or
upgrades.

HyNTS
European
Hydrogen
Backbone

Transmission
Network
Valves and
Impulse lines

Impact of
hydrogen (blends
/ 100% hydrogen)
on valve
components,
seals and leakage
rates

Global R&D projects are undertaking
demonstration projects assessing the impacts of
hydrogen (blends and 100% hydrogen) on the
full range of valve types and sizes that are
similar to those found in New Zealand's
transmission network.
Global R&D programmes will assess the same
types of valves (ball valves / plug valves /
butterfly valves etc.) that are found in New
Zealand's transmission network.

HyNTS
Ghent University
hydrogen materials
interaction study

Global R&D
Expected
Completion

New Zealand R&D Requirements

2024
Ongoing to 2040

Reciprocating compressors are already
in operation for hydrogen duty around
the world. The impacts of blends and
100% hydrogen duty can be modelled
with process flow analysis, therefore
demonstration of compressor
performance is not considered to be
required.

2024
2021

We anticipate that global R&D
programmes will test some, but not all of
the valve manufacturers that are found
in New Zealand's transmission network,
however we anticipate that some of the
valve assets will not be covered in the
global R&D programmes.
Trials will be required to validate global
R&D against the gaps in valve
manufacturers specific to the New
Zealand network
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Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

Impact of
hydrogen (blends
/ 100% hydrogen)
on pressure
reduction
installations
(PRIs) and preheat requirements

Global R&D programmes are assessing the
impacts of Hydrogen blends / 100% hydrogen on
existing pressure reduction installations, and
their components to understand the impacts of
hydrogen.
Global R&D will provide technical evidence of
operational performance of pressure reduction
installations, including valves, filters, slam shuts
and regulators under operational conditions.
Global R&D will provide technical evidence on
the performance of pressure reduction
installations and the suitability of the
components that are found in PRI's when
operating on blends and 100% hydrogen duties

HyNTS
Ghent University
hydrogen materials
interaction study
H21 Programme

2024
2021

We anticipate there will be gaps in the
technical evidence in respect of the
design, and the make and models of
component found in PRI's in the New
Zealand networks.
New Zealand specific R&D will be
required to validate the findings from
global projects against the specific
components and design of New
Zealand's installations.
Testing and validation will require a test
facility capable of testing components
through the range of operating
conditions specific to New Zealand's
transmission network.

Transmission
Network
Pig Launchers /
Receivers

Suitability of pig
launcher seals
and components
for operation with
blends and 100%
hydrogen

Global R&D projects are undertaking physical
trials that will assess the impacts of hydrogen on
pig trap seals and components.

HyNTS
Ghent University
hydrogen materials
interaction study

2024
2021

Global R&D should provide all the
technical evidence required to
demonstrate the suitability of this asset
type.
New Zealand specific R&D is not
required.

Transmission
Network
Metering

Accuracy of fiscal
and operational
meters and the
suitability of meter
components for
operation on
blends and 100%
hydrogen

Global R&D programmes are testing different
types of high flow / high pressure meters to
ascertain how they perform with hydrogen.
Global research will provide technical evidence
on the suitability of different meter types, such
as turbine and ultrasonic meters.

HyNTS
Ghent University
hydrogen materials
interaction study

2024
2021

Global testing programmes may include
some of the meter types and models
that are found in New Zealand's
transmission network, however we
expect that the global R&D will not cover
all the meter types and models.
Demonstration of the specific meter
types found in New Zealand's
transmission network will be required to
validate gaps in global R&D.

Transmission
Network
Pressure
Reduction

2024
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Distribution
Network
PE pipelines

Distribution
Network
Metallic
pipelines

Distribution
Network
Valves

Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

PE pipelines are considered suitable for
operation with hydrogen. There are numerous
demonstration projects around the world that are
demonstrating that existing PE distribution
networks are safe to operate with blends and
100% hydrogen.
Global R&D will provide the technical evidence
required to confirm the suitability of suitability of
modern PE distribution pipelines to transport
hydrogen.

H21 Programme
Hydrogen Test
Facility – ACT
Gas Network
SGN H100
programme
Western Sydney
Green Gas
Project

2024
2021

The New Zealand distribution networks
contain some older PE pipe which may
not be suitable for conversion to
hydrogen duties. If older PE pipes are to
be retained, trials will be required to
ascertain the suitability of older PE pipes
for conversion to hydrogen.
Detailed material assessment of
distribution pipelines and components
for suitability for conversion to hydrogen
is required.

Suitability of
retained metallic
pipelines, fittings
and repair clamps
to transport
blends and 100%
hydrogen.

A number of global R&D projects are carrying
out extensive testing of the suitability of retained
metallic mains to assess the impacts of
conversion to hydrogen on metrology,
mechanical joints and leakage rates.
Global R&D programmes will deliver a body of
evidence, assessing the impacts of conversion
to blends and 100% hydrogen. However,
metallic mains found in networks around the
world are typically cast, or ductile iron.

H21 Programme
Hydrogen Test
Facility – ACT
Gas Network
SGN H100
programme
Western Sydney
Green Gas
Project

2024
2021

Impact of
hydrogen (blends
/ 100% hydrogen)
on valve
components,
seals and leakage
rates

Global R&D projects are undertaking
demonstration projects assessing the impacts of
hydrogen (blends and 100% hydrogen) on the
full range of valve types (ball valves / plug valves
/ butterfly valves etc.) and sizes that are found in
New Zealand's distribution networks.
We anticipate that global R&D programmes will
test some, but not all of the valve manufacturers
that are found in New Zealand's distribution
networks,

H21 Programme
Hydrogen Test
Facility – ACT
Gas Network
SGN H100
programme
Western Sydney
Green Gas
Project

2024
2021

Suitability of PE
pipelines to
transport blends
and 100%
hydrogen

2022
2021

2022
2021

2022
2021

The metallic mains found in New
Zealand are steel and therefore differ
from the materials that are found in
other countries.
Demonstration trials will be required to
ascertain the suitability of the retained
metallic mains, fittings and repair
clamps.

We anticipate that some of the valve
assets will not be covered in the global
R&D programmes.
Trials will be required to validate global
R&D against the gaps in valve
manufacturers specific to New Zealand
distribution networks.
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Distribution
Network
District
Regulator
Stations

Distribution
Network
Meters

Technical
Evidencing
Required
Impact of
hydrogen (blends
/ 100% hydrogen)
on district
regulator stations
(DRS)

Assess the
impacts of blends
and 100%
hydrogen on
meter stock

Global R&D Focus

Global R&D programmes are assessing the
impacts of blends and 100% hydrogen on the
safe operation, performance, noise and
components of a variety of different District
Regulator stations.

Global R&D programmes are assessing the
impacts of hydrogen blends and 100% hydrogen
on the measurement accuracy and the
components found in the different types of
meters (ultrasonic, turbine and bellows meters).

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

H21 Programme
Hydrogen Test
Facility – ACT
Gas Network
SGN H100
programme
Western Sydney
Green Gas
Project

2024
2021

We expect there will be gaps that will
need to be proven in respect of the
design, types and models of DRS
components found in New Zealand's
distribution networks.
This will require testing of the range of
DRS design's and components (not
covered by global R&D) across the
various pressure tiers to fill any gaps not
adequately evidenced through the global
R&D programmes

H21 Programme
Hydrogen Test
Facility – ACT
Gas Network
SGN H100
programme
Western Sydney
Green Gas
Project

2024
2021

2022
2021

2022
2021

The operating pressures and types of
some of the meter found in New
Zealand are different to those found in
Europe and Australia.
Therefore, a testing programme will be
required to ascertain if New Zealand's
existing meter stock is suitable for
operation on blends and 100%
hydrogen.
Meter testing could be delivered through
either the proposed "off grid" test
demonstration facility, or an established
test house

109

New Zealand H2 pipeline feasibility
Technical Report
Topic

Distribution
Network
Odorant

Distribution
Network
Odorant

Technical
Evidencing
Required

Global R&D Focus

Relevant
Global R&D
Projects

Global R&D
Expected
Completion

New Zealand R&D Requirements

Assessment of
existing sulphurbased odorants
for blends and
100% hydrogen,
including
combustion
equipment

Global R&D programmes are assessing the
suitability of existing sulphur base odorants to
determine whether they are suitable for
hydrogen blends and 100% hydrogen.
Global R&D is also assessing the impacts of
sulphur-based odorants on fuel cells and what
measures can be put in place to prevent
damage from odorants.
It is anticipated that global R&D will provide all
the technical evidence required to demonstrate
the suitability of existing sulphur-based odorants
for blends and 100% hydrogen, and their
compatibility with the range of connected
appliances, although further assessments are
required to determine what purification would be
required for fuel cell applications.

H21 Programme
SGN H100
programme
Western Sydney
Green Gas
Project

2024
2022

We consider that we will be able to
utilise the technical evidence obtained
through global R&D without the need for
further research in New Zealand.

Develop suitable
odorant injection
arrangement for
blends and 100%
hydrogen

There are a number of projects in Europe and
Australia that are injecting blends of hydrogen
into distribution networks. Most projects are
utilising existing injection design and equipment
to prove their suitability for hydrogen duties.

HyDeploy
Programme
SGN H100
programme

2021

2021

2022

We consider that we will be able to
utilise the technical evidence obtained
through global R&D without the need for
further research in New Zealand.
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11.4 Proposed Trial Infrastructure
The following sections outline the testing designed to enable NZ gas networks to play the role they may
need to under the scenarios discussed throughout this report. These facilities will require the following
steps to be established:
•
•
•

Facility scoping – what is the likely testing facility required to perform the required tests
Site selection – where the facility can be established
Design and build – detailed design and construction of the facility test programme

The final scope of testing may not be established at the outset of the programme as we are waiting on
results of other research. However, we are likely to have sufficient information to be able to develop a
likely envelope for testing. This would be sufficient to progress site selection, design activities and
commence the demonstration programme while overseas research programmes continue to deliver
information, or while we undertake detailed materials assessment on our networks.
Firstgas has determined several potential sites that could be suitable for installing a test facility. There
are also several potential small distribution networks owned by Firstgas and other operators that may
be suitable for online pilot trials. All potential test facility and trial locations will require a consultative
site selection process with relevant parties to ensure safety and other concerns are addressed. Test
facility location selecting may provide the opportunity to incorporate both distribution and transmission
network component testing using one facility. Live network trials may or may not be able to be
incorporated at the same testing location.

11.4.1 Off-Grid Distribution Network Test Facility
The test facility will be constructed within one of Firstgas’s existing operational sites and be designed
to test components and distribution pipes on blends of hydrogen / methane through to 100% hydrogen.
The facility will test pipes and components to assess gas tightness and performance on blends from
5% through to 100% hydrogen.
Once all the global R&D has been assessed, the testing and demonstration programme will be
developed to fill any remaining gaps in knowledge and technical evidence relevant to New Zealand
networks. Although we cannot fully define the programme at this stage, we expect the programme will
include the following:
•

•
•
•
•
•

Pre-1975 Polyethylene pipe (installation methods at the time these pipelines were installed have
been identified as leading to network integrity issues for methane. Risks with hydrogen therefore
also need to be understood)
Metallic pipe, mechanical joints, fittings and repair clamps
Meters (not covered by global R&D) – as an alternative, meter testing and validation could be
delivered through established testing companies
Network components specific to New Zealand’s networks (not covered by global R&D)
Valves (not covered by global R&D)
District Regulator Stations

11.4.2 Off-Grid Distribution Network Test Facility Locations
Further work will need to be undertaken to decide on the most appropriate location for the off-grid
distribution network test facility. In a preliminary screening exercise, the following criteria have been
applied to identify a number of potential locations:
•

Availability of natural gas at a range of distribution pressures
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•
•
•
•
•
•

Space to construct and test a range of distribution equipment
Available room to safely install hydrogen source, storage, blending and injection equipment
Located close to Taranaki to enable testing to be closely monitored
Ability to integrate with the transmission test facility
Site access is controlled with security
Access for multiple network owners to be able to witness the testing

There are a number of potential locations which Firstgas has identified as suitable for this testing and
these will be further refined as the test programme details are established.
A conceptual layout arrangement is shown in Figure 124 in the technical appendices.

11.4.3 Distribution Network Trials
In addition to the off-grid R&D programme, a small section(s) of the Firstgas distribution network
(typically 50 – 100 customers) where Firstgas can start trialling hydrogen blends in a live-network
setting. The initial trials will see the introduction of hydrogen blends, starting with 5% hydrogen by
volume and gradually increasing to 20%. During the trials the performance of the network and
consumer appliances will be constantly assessed to ensure the trials are executed safely and with
minimal impact on customers.
To enable live-network trials a facility will be constructed, on the selected distribution network to inject
the blend hydrogen into the network. The facility may include hydrogen production, in the form of a grid
connected electrolyser or could be supplied using bottled hydrogen. The facility will incorporate a grid
entry unit to deliver the blend of hydrogen and natural gas into the network. A conceptual layout
arrangement is detailed in Figure 125 in the technical appendices.
Following successful testing of blends of hydrogen in a live distribution network setting and following
compilation and completion of all the required technical evidencing, we recommend that Firstgas will
identify a section of their distribution network to carry out a 100% hydrogen trial. The section of network
will be selected to be typical of the wider network, and as broad a mix of end use appliances as possible.
The section of the network previously used for hydrogen blend trials may be suitable for use for the
100% hydrogen trial.
Prior to conversion, Firstgas will carry out extensive consultation with connected customers and develop
a strategy to replace end use appliances with combustion equipment suitable for operation on 100%
hydrogen. A detailed execution plan will be developed to ensure the trials can be carried out safely.
Live network trials, for both blends and 100% hydrogen will require an exemption to be granted under
section 85 of the Gas (Safety and Measurement) Regulations 2010. Firstgas will engage with Worksafe
and develop risk assessments for the offline and live network trials.

11.4.4 Distribution Network Trial Locations
Further work will need to be undertaken to decide on the most appropriate location for the distribution
network trial which will involve customers and properties. The following criteria were applied in a
preliminary screening exercise to identify a number of potential locations:
•
•
•
•
•
•
•

Fewer than 100 consumers
Mainly domestic consumers, but some industrial and commercial if possible
Reasonable length of pipework which is a mix of polyethylene and steel
System has a single feed and is not interconnected to the wider network
No known pre-1975 polyethylene pipe
Available room to safely install hydrogen source, storage, blending and injection equipment
Located close to Taranaki to enable testing to be closely monitored
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•

Agreeable with the network owner and the affected customers

There are seven potential Firstgas network locations currently identified that match most of the above
criteria, although Firstgas networks are some distance from Taranaki for monitoring.
Eleven networks within Taranaki have been identified, not owned by Firstgas and further discussion is
ongoing to establish the suitability of these options.
Figure 126 in Appendix 13.12 shows a conceptual layout for the equipment required for the trials,
including hydrogen storage in pressure vessels to ensure security of supply.

11.4.5 Off-grid Transmission Network Test Facility
There are many global RD&D programmes assessing the impacts of hydrogen on transmission
pipelines and associated components. We expect that research, currently underway or planned will
provide most of the technical evidence and knowledge Firstgas will need to convert the transmission
network. However, the impacts of hydrogen embrittlement on the high strength steels making up a
roughly a third of the transmission network are not yet fully understood. We also need to understand
how contaminants that have built up in the transmission network through decades of transporting
natural gas will impact the high levels of purity required for fuel cells.
Firstgas will identify a disused section of the transmission network to use as a transmission test facility.
Here Firstgas will carry out the physical trials required to fully understand the impact of hydrogen of
increasing concentrations on the transmission network and its associated components. The test facility
will be designed to allow the replication of network operating conditions, to fill any gaps in knowledge
from global R&D programmes.40
The full extent of the testing and demonstration programme will depend on the outcomes of the various
global R&D programmes; however we expect it will include:
•
•
•
•
•
•

Validation of global RD&D for New Zealand’s transmission pipes
Assessment of hydrogen purity from pipeline contaminants
Valves and fittings (not covered by global RD&D)
Validation of pressure reduction components (not covered by global RD&D)
Meter types and models (not covered by global RD&D) – as an alternative, meter testing and
validation could be delivered through established testing companies
Gas heater performance (blends)

Following completion of the test programme, the test facility could also provide a test bed for hydrogen
end use applications, such as industrial combustion equipment or transport applications. Firstgas will
engage with customers and stakeholders to identify suitable trials that can be linked to the test facility.

11.4.6 Off-grid Transmission Network Test Facility Locations
Further work will need to be undertaken to decide on the most appropriate location for the transmission
network test facility. The following criteria have been used in a preliminary exercise to identify a number
of potential locations:
•
•
•

Suitable transmission pipeline steel grade and diameter
Limited number of properties near the pipeline
Unused pipeline which has been maintained

40

As an alternative to developing a Transmission Network trial it may be possible to collaborate with
APGA to utilise the Australia CRC Test facility to perform part, or all of the scope
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•
•
•
•
•
•
•

Sufficient length
Provision to vary the transmission test pressure
Above ground equipment site access is controlled with security
Located close to Taranaki to enable testing to be closely monitored
Available room to safely install hydrogen source, storage, blending and injection equipment
Space to construct and test a range of transmission equipment
Ability to integrate with the distribution test facility

Four pipelines owned by Firstgas, with a combined length of over 21km, which match most of the
criteria, have been identified within Taranaki as potential test facility locations, which will be further
evaluated for suitability.
A conceptual layout arrangement is detailed in Figure 126 in Appendix 13.12.

11.5 Supporting activities
In addition to the technical evidencing programme, there are a number of activities from our roadmap
that support the conversion of the gas network to hydrogen blend/100% hydrogen. These activities
may be undertaken by Firstgas but will likely involve a wide range of stakeholders from across the
industry. These would include:
•

Research Hub – Due to the large volume of ongoing research, we think that industry would benefit
from a research hub to scan global RD&D projects and assess how the information and knowledge
they produce can be applied in the New Zealand context. We think that this research hub should
be hosted outside Firstgas to maximise access to information. It would be ideal if this research hub
was established as a priority.

•

Consumer equipment assessments - We identified in our roadmap that Firstgas will need to
create an inventory of domestic and commercial appliances and assess their suitability for
conversion. This information would inform the technical evidencing work and allow the
development of conversion strategies. While Firstgas would likely lead this work, it would have
heavy involvement from stakeholders. This work could commence in parallel with work to establish
technical evidencing facilities.

•

Materials assessment – Firstgas will need to verify the nature and quantities of all materials on
transmission and distribution networks in New Zealand including distribution networks owned by
others. This work will inform the scope of the materials testing required. Firstgas could lead this
work but input would be required from other network owners. This would commence in parallel with
work to establish technical evidencing facilities.

•

Commercial arrangements – we identified the need to modify commercial arrangement in the
transition to hydrogen. This work would perhaps involve modifications to the transmission network
codes and distribution use of system agreements. While Firstgas may lead some of this work (e.g.
the transmission aspects), we think that other parts should be a cross-industry effort.

•

Regulatory change - In Section 9.6 we have undertaken a high-level review of which elements of
the regulations will need to be assessed for hydrogen. The technical evidence from global R&D
and the demonstration programme, such as the development of gas specifications for hydrogen will
inform the changes that will be required. A full review led by regulators will be required to assess
and agree changes to legislation and regulation. This work should be prioritised as we will need to
understand the likely regulatory landscape as the testing regime is developed and prior to
establishing the conversion strategy and safety assessment.
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•

Safety assessment – Firstgas will need to lead the development of the end-to-end risk assessment
for the network to prepare for conversion. This work will need to be informed by early work on
regulatory change, our trial results and the consumer equipment assessment work.

•

Public acceptance – alongside all the technical and supporting work, there is a need to raise public
awareness and increase public acceptance of hydrogen as a fuel source. While our hydrogen work
will go some way to raising the profile, there will need to a dedicated programme of consumerfacing dialogue to understand and address concerns associated with the change. Firstgas will
naturally engage with stakeholders where there is a direct change to gas supply, but we think others
are best placed to lead a concerted effort in managing public sentiment. We would like to see a
public relations strategy developed as soon as possible that takes into account getting the right
information to consumers at the right time.

Additionally, Firstgas will need to undertake the following in the latter stages of the programme prior to
conversion:
•

Conversion strategy –This work will require engagement with stakeholders and will need to
consider the consumer equipment assessment work and the results of trial activities.

•

Network modifications – Firstgas will be able to scope the required network modifications once
we have undertaken trials, end user assessments and understand the conversion strategy.

•

Operating procedures – Firstgas will need to develop revised operating procedures for the
network once network modifications and a conversion strategy have been defined.

11.6 Indicative trial programme timeline
Table 31 sets out the timeline for the technical evidencing programme in the context of the supporting
work required. The timeline is designed to align with the outcomes of the relevant overseas projects
that will inform the design of our testing programmes.
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Table 31: Indicative trial programme timeline
Activity

Led by

Research Hub

Others

2021

2022

Multiyear programme commencing 2021

2023

2024

2025

2026

Public Acceptance

Others

Multiyear programme commencing 2021

Consumer Equipment Assessment

Firstgas

Materials Assessment

Firstgas

Technical Evidencing

Firstgas

Off-grid Distribution Network Test Facility

Firstgas

2027

2028

2029

2030

Facility scoping
Site selection
Design and build
Test programme
Distribution Network Trials

Firstgas

Facility scoping
Site selection
Design and build
Test programme
Off-grid Transmission Network Test Facility

Firstgas

Facility scoping
Site selection
Design and build
Test programme
Regulatory Change

Regulators

Safety assessment

Firstgas

Commercial Arrangements

Others

Conversion Strategy

Firstgas

Network Modifications

Firstgas

Operating Procedures

Firstgas

Multiyear programme commencing 2021
Multiyear programme commencing 2021
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13 Technical Appendices
13.1 Scenario Descriptions
Each of the three scenarios that were developed for this report are based on assumptions around
government policies and intervention, as well as consumer response and infrastructure opportunities in
New Zealand. Table 32 provides a comparison of the drivers and outcomes for each scenario.
Table 32: Drivers and outcomes of the scenarios
High Electrification

High Hydrogen

Integrated Energy System

Policy
drivers

Policy promotes
decarbonisation based
on electrification and
overbuild of
renewables.

Policy promotes
decarbonisation based on
both electrification and a
hydrogen economy.

Policy promotes integrating
the power and gas sectors to
develop a balanced energy
eco-system.

Government
intervention

Government policy
supports renewables,
including redundancy
to counter
intermittency.
Government supports
investments required
to build additional
electricity network
capacity and
resilience.
Little to no government
support for hydrogen
as a decarbonisation
pathway.

Government policy
support for investment in
hydrogen production,
conversion of existing gas
transportation
infrastructure and
development of hydrogen
end use markets.
Government supports
investments required to
transition to hydrogen.

Government policy supports
investment in renewable
power generation, as well as
hydrogen production and
storage.
Government makes changes
to regulatory settings to
facilitate the development of
an integrated system.
Government supports
investments to develop
infrastructure for an
integrated energy ecosystem.

Outcomes

Hydrogen will be more
expensive than
electricity as an energy
source as there are no
economies of scale.
Existing distribution
networks will convert
to hydrogen to service
domestic customers
with optionality in
energy supply and
provide hydrogen to
“difficult to electrify”
consumer groups,
such as heavy
transport and some
industrial processes.

Economies of scale help
reducing the cost of
hydrogen.
Existing transmission and
distribution networks will
convert to hydrogen to
service current domestic
customers and most
existing industrial
consumers.
Hydrogen will play a key
role (alongside
electrification) in
decarbonising the
transport.

Existing gas transmission
and distribution networks,
with new storage creates a
“hydrogen battery”.
Stored hydrogen will be
reconverted to electricity to
meet demand peaks on the
power network and provide
energy security.
Excess “cheap” hydrogen
will be available to service
demand in other sectors.
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High Electrification

High Hydrogen

Integrated Energy System

Consumer
choice

Some domestic
customers will choose
to remain on gas and
switch to hydrogen.
Some industrial
process heat
customers convert to
hydrogen.
Few public hydrogen
refuelling facilities
developed.

Domestic customers
choose to convert to
hydrogen.
Most/all industrial process
heat customers convert to
hydrogen. Some switch to
electric options.
Network of public
hydrogen refuelling
facilities developed to
service light vehicle
market. Most heavy
transport applications
convert to hydrogen.

Domestic gas customers
convert to hydrogen and
new load due is created due
to the low cost of hydrogen.
Most/all industrial process
heat demand converts to
hydrogen.
Network of public hydrogen
refuelling facilities developed
to service light vehicle
market. Most heavy
transport applications
convert to hydrogen.

Hydrogen
demand

Some of the existing
domestic and industrial
gas demand will be
lost to electrification.
No power generation
from hydrogen.
Partial penetration into
heavy transport.

Most domestic and
industrial gas demand
converts to hydrogen.
Some hydrogen power
generation to meet
demand peaks.
High penetration in heavy
transport, with some
penetration into light
vehicles.

Most domestic and industrial
gas demand converts to
hydrogen.
Hydrogen power generation
to meet peaks and dry
years.
High penetration in heavy
transport, with some
penetration into light
vehicles.
Opportunity of hydrogen
exports.

Network
transition
pathway

Start with blending
natural gas and H2.
Transition with
increase in hydrogen
volumes, followed by
local switch to 100%
hydrogen.
End state: regional
100% hydrogen
networks.

Start with blending natural
gas and H2.
Transition with increase in
hydrogen volumes,
followed by local switch to
100% hydrogen.
End state: national 100%
hydrogen transmission
network linked to
distribution networks.

Start with blending natural
gas and H2.
Transition with increase in
hydrogen volumes, followed
by local switch to 100%
hydrogen.
End state: national 100%
hydrogen transmission
network linked to distribution
networks and storage.

Hydrogen
production

Regional demand-led
hydrogen production
from electrolysis of
grid electricity.

National demand-led
hydrogen production from
electrolysis.
Power for electrolysis
predominantly from grid
electricity and in minor
part from dedicated RES,
limited by the relatively
small hydrogen storage
capacity.

Hydrogen production from a
mix of dedicated and surplus
renewable generation
capacity, operated as a
whole energy system
approach.
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13.2 Fuel conversion by 2050 – Our assumptions
In this section our assumptions around potential fuel conversion are reported, outlining the portion of
current fuel demand that could potentially be replaced by hydrogen by 2050 and the motivations behind
our assumptions. Information is grouped by demand sectors and refers to all three scenarios
considered: High Electrification, High Hydrogen and Integrated Energy System (our core scenario).

13.2.1 Transport
A large portion of fossil fuels currently utilised in the transport sector could be replaced by hydrogen by
2050, as detailed in Table 33. A higher uptake of hydrogen was assumed in the High Hydrogen and
Integrated Energy System scenarios than in the High Electrification scenario in line with the scenario
assumptions. In this scenario the highest penetration of hydrogen is predicted for large and heavy
vehicles (such as heavy goods vehicles (HGVs), buses and trains) with the remaining fossil fuels in this
sector replaced by battery electric vehicles, which dominate the light vehicle category. The only
exception is domestic aviation, in which kerosene will be entirely replaced by biofuels. Hydrogen
demand assumptions for the road freight and bus sectors in the High Hydrogen and Integrated Energy
System scenarios are compatible with the hydrogen business plan developed by Hiringa Energy 41. The
transport sector’s energy demand in 2019 was 218 PJ (61 TWh).
Table 33: Hydrogen conversion in the transport sector
Fleet conversion to hydrogen by 2050

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

Vehicle

Fuel

Cars (private
and
commercial)

Petrol, diesel,
LPG, NG

125.7

0.3%

26%

26%

Road freight

Diesel, petrol,
LPG, NG

66.2

46%

80%

80%

Buses

Diesel, petrol,
LPG, NG

2.4

25%

75%

75%

Rail
(passenger
and freight)

Diesel and
coal

1.9

50%

100%

100%

Coastal
shipping

All fuels

8.2

10%

60%

60%

Domestic
aviation

Kerosene

13.6

0%

0%

0%

Total transport demand

41

2050 hydrogen demand (PJ)

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

217.9

22.2

68.2

68.2

https://www.hiringa.co.nz/
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13.2.2 Industrial
The potential for future replacement of fossil fuels with hydrogen varies between the industrial sub
sectors. Our assumptions on the future use of hydrogen to replace fossil fuels in each sub sector and
scenario in 2050 are shown in Table 34.
•

Current natural gas consumption in the food and dairy processing, textiles and wood pulp and
paper sectors is predominantly utilised to produce low or medium temperature heat, which could
be delivered by hydrogen boilers in the future. The uptake in the High Electrification scenario is
considerably smaller than in the other scenarios, to allow for a larger share of electrification of heat.

•

Currently, around two thirds of natural gas demand for methanol production is utilised as feedstock
with the remaining third utilised as source of heat. This work assumes no future hydrogen demand
for the use as feedstock for methanol production. The reason for this is that most natural gas
supplied for methanol production is reformed to produce hydrogen and CO 2, which are both utilised
as feedstock for the final products. Conversely, replacing the portion of natural gas that is utilised
as source of heat with hydrogen (currently ~9 TWh/yr) would be feasible.

•

Natural gas utilised in the production of urea and fertilisers is reformed onsite, with the resulting
hydrogen and CO2 utilised as feedstock. Currently, around little more than half of the natural gas
demand for urea and fertilisers production is utilised as feedstock with the remaining half utilised
as source of heat. This work assumes that current natural gas demand that is utilised as source of
heat will be entirely replaced by hydrogen, while the portion of natural gas utilised as feedstock will
not be replaced. Ballance Agri-Nutrients is currently working with Hiringa Energy on a project to
produce green hydrogen locally to replace a portion of their natural gas demand 42.

•

A substantial amount of brown hydrogen is already being utilised in the refining sector at the
Marsden Point Oil Refinery (between 3.5 - 5.5 PJ/yr in 2020). Hydrogen is produced onsite,
predominantly from refinery off-gas. It is expected that the refinery in future will unlikely have a
demand for green hydrogen, due to a recent strategic review that sees the refinery being gradually
converted to an import terminal for refined oil products43,44. Hydrogen (or power) supply to a fully
decarbonised terminal could be provided by onsite renewable generation. In fact, in 2019 the
Refinery had approved the construction of a $37 million solar farm on 31 hectares, which could
supply 26.7 MW.45

•

Future hydrogen demand from the non-metallic minerals sector may be only marginal, as fuel use
in this sector is particularly favourable for the use of mixed fuels, including biofuels and waste. No
hydrogen uptake was assumed for the High Electrification scenario.

•

It is expected that hydrogen could replace most of the coal and natural gas in the steelmaking
process, with the implementation of the Hybrit process 46. In this case hydrogen would be used in
part as energy carrier and in part as feedstock material, almost entirely replacing current demand
for coal in the sector. In the High Electrification scenario, it is expected that half the energy demand
from the sector can be electrified, e.g. with the use of electric arc furnaces.

The industrial sector’s demand of natural gas (and coal in the steel industry) in 2019 was 125 PJ (35
TWh).

42

Green Hydrogen to Ammonia Project
NZ Herald, Oct 2020, Refining NZ to scale down its Marsden Point operation
44 S&P Global Platts 2021, Refinery news roundup
45 Hydrogen New Zealand Current Hydrogen Projects in New Zealand
46 http://www.hybritdevelopment.com/
43

123

New Zealand H2 pipeline feasibility
Technical Report
Table 34: Hydrogen conversion in the industrial sectors
Site conversion to hydrogen by 2050

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

Sub-sector

Fuel

Mining

Natural gas

0.2

0%

0%

0%

Food
processing

Natural gas

18.3

50%

100%

100%

Textiles

Natural gas

0.5

50%

100%

100%

Wood, pulp,
paper, printing

Natural gas

5.8

50%

100%

100%

Natural gas
(fuel47)

32.0

0%

0%

0%

Natural gas
(feedstock48)

48

0%

0%

0%

Natural gas
(fuel47)

3.1

100%

100%

100%

Natural gas
(feedstock48)

3.6

0%

0%

0%

Natural gas
(fuel47)

1.4

0%

0%

0%

Natural gas
(feedstock48)

2.0

0%

0%

0%

Natural gas

2.2

0%

30%

30%

Natural gas

2.4

50%

100%

100%

Coal

4.3

100%

100%

100%

Mechanical/ele
ctrical
equipment

Natural gas

0.3

50%

100%

100%

Building and
construction

Natural gas

0.5

0%

20%

20%

Chemicals:
Methanol

Chemicals:
Ammonia

Chemicals:
Refining

Non-metallic
minerals
Iron & steel,
basic metals

Total industry demand

47
48

2050 hydrogen demand (PJ)

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

124.7

24.8

41.8

41.8

Natural gas utilised as source of heat only.
Natural gas utilised as feedstock only.
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13.2.3 Residential and commercial
The High Electrification scenario assumes that 60% of homes that are currently connected to the gas
grid will continue to use gas for their heat demand and switch entirely from natural gas to hydrogen
once the gas network is ready. The remaining 40% of homes connected to the gas grid are expected
to electrify their heat supply, switching to technologies such as heat pumps. In the High Hydrogen and
Integrated Energy System scenarios, however, all homes that are currently connected to the gas grid
will in future be supplied by hydrogen. The residential coals demand is expected to be replaced by
biofuels in these scenarios.
Natural gas currently utilised in the commercial sector will by entirely replaced by hydrogen by 2050 in
the High Hydrogen and Integrated Energy System scenarios. In the High Electrification scenario,
however, hydrogen will replace only 60% of current natural gas demand. The remaining 40% of energy
demand will be supplied by electricity. The current consumption of coal in the commercial environment
will be replaced by biofuel.
LPG currently utilised in the reticulated networks of both North and South Islands, as well as bulk
commercial LPG could be replaced hydrogen. In particular it was assumed that 50% of LPG will be
replaced by hydrogen in the High Electrification scenario, whereas in the High Hydrogen and Integrated
Energy System scenarios all LPG will be replaced by hydrogen.
Natural gas and LPG demand in the domestic and commercial sectors in 2019 was 18 PJ (5 TWh).
Table 35: Hydrogen conversion in the residential and commercial sectors
Site conversion to hydrogen by 2050

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

Sub-sector

Fuel

Residential
(North Island)

Natural gas

6.7

60%

100%

100%

Commercial
(North Island)

Natural gas

8.5

60%

100%

100%

Reticulated
gas and bulk
commercial
(North Island)

LPG

1.1

50%

100%

100%

Reticulated
gas and bulk
commercial
(South Island)

LPG

1.6

50%

100%

100%

Total residential and
commercial demand

2050 hydrogen demand (PJ)

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

17.9

16.0

27.4

27.4
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13.2.4 Primary sectors (agriculture, forestry and fishing)
Current use of natural gas in the agriculture sector is entirely substituted by hydrogen in the High
Hydrogen and Integrated Energy scenarios. Conversion to hydrogen in the High Electrification scenario
covers only half of the current natural gas demand, with the remaining half being supplied by electricity.
A portion (50% in the High Electrification scenario and 80% in the other scenarios) of the petrol and
diesel utilised for machinery, vehicles and heat will transition to the use of hydrogen fuel cells or
hydrogen boilers. Current coal demand would be supplied by biofuels. The sector’s natural gas, petrol
and diesel demand in 2019 was 15 PJ (4 TWh).
Table 36: Hydrogen conversion in the primary sectors
Site conversion to hydrogen by 2050

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

Sub-sector

Fuel

Agriculture, forestry
and fishing (North
Island)

Natural
gas

1.4

50%

100%

100%

Agriculture, forestry
and fishing (North
and South Islands)

Petrol,
diesel

13.9

50%

80%

80%

Total primary sector demand

2050 hydrogen demand (PJ)

2019 fuel
demand
(PJ)

High
electrification

High
hydrogen

Integrated
system

15.2

6.8

11.3

11.3

13.3 Energy demand in the high electrification and high hydrogen
scenarios in 2050
In the High Electrification scenario, a large part of the decarbonisation of energy will be achieved
through electrification, with a smaller portion of current fuel demand being replaced by hydrogen.
A comparison of the energy demand and fuel mix in 2020 and 2050 in the high electrification scenario
is provided in Figure 31. Annual hydrogen demand is 20 TWh in 2050 and natural gas is 24 TWh. This
equates to 72 PJ (0.6 million tonnes) of hydrogen and 87 PJ of natural gas per year. This compares
with 38 TWh (135 PJ) of natural gas demand in 2020 – a reduction of 36%. The remaining natural gas
is used as industrial feedstock. This remaining natural gas use is common to all scenarios .
The fuel mix in 2050 in the High Hydrogen scenario is the same as that of the Integrated Energy
System scenario (the core scenario). This is due to the scenarios being identical in their assumptions
on fuel. The two scenarios differ in their energy supply systems as the Integrated Energy System
scenario relies on hydrogen as a source of electricity generation and has access to interseasonal
storage.
A comparison of the energy demand and fuel mix in 2020 and 2050 in the high electrification scenario
is provided in Figure 32. Annual hydrogen demand will be 41 TWh in 2050 and natural gas will be 24
TWh. This equates to 148 PJ (1.23 million tonnes) of hydrogen and 87 PJ of natural gas per year.
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Figure 31: Fuel demand in all sectors in 2020 and 2050 – High Electrification scenario

Figure 32: Fuel demand in all sectors in 2020 and 2050 – High hydrogen scenario
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The hydrogen demand projections in each of the scenarios by sector are summarised in the table below.
Hydrogen is used in power generation in the Integrated Energy System scenario and, to a lesser extent,
the High Hydrogen scenario. The demand for hydrogen for power generation is not a demand input to
the analysis but is assessed using the supply and demand model and depends on the electricity
generation mix, the hydrogen production capacity and storage capacity available. As a result, the
demand in these tables is identical between these scenarios.
Table 37: Summary of hydrogen demand assumptions by scenario and sector
Hydrogen demand (PJ/yr)

2025

2030

2035

2040

2045

2050

High Electrification scenario
Buildings – residential

0

0

0.3

2.3

4.4

6.7

Buildings – commercial

0

0

0.4

3.2

6.1

9.3

Buildings – agriculture

0

0

0.0

0.4

0.7

1.1

Industry – feedstock

0

0

0.2

1.7

3.4

5.1

Industry – energy

0

0

0.9

6.8

13.0

19.7

0.4

3.3

8.4

14.3

20.8

27.8

0

0

0

0

0

0

0.4

3.3

10

29

48

70

Transport
Power generation
Total

High Hydrogen scenarios
Buildings – residential

0

0

0.59

3.99

7.63

11.5

Buildings – commercial

0

0

0.82

5.5

10.5

15.9

Buildings – agriculture

0

0

0.11

0.76

1.46

2.2

Industry – feedstock

0

0

0.26

1.76

3.36

5.08

Industry – energy

0

0

1.89

12.7

24.3

36.7

0.84

5.94

21.2

38.4

57

77.3

0

0

0.07

0.18

0.21

0.11

0.8

5.9

25

63

105

149

Transport
Power generation
Total

Integrated Energy System scenarios
Buildings – residential

0

0

0.59

3.99

7.63

11.5

Buildings – commercial

0

0

0.82

5.5

10.5

15.9

Buildings – agriculture

0

0

0.11

0.76

1.46

2.2

Industry – feedstock

0

0

0.26

1.76

3.36

5.08

Industry – energy

0

0

1.89

12.7

24.3

36.7

0.84

5.94

21.2

38.4

57

77.3

0

0

0.07

0.18

0.45

0.56

0.8

5.9

25

63

105

149

Transport
Power generation
Total
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13.4 Carbon emissions reduction in our scenarios
We have assessed the carbon reduction delivered by the adoption of green hydrogen in each of our
scenarios. In the figures below, we present the current energy sector emissions and the emissions in
2050 on the basis of the fuel mix assumed in our scenarios (as shown in Figure 31 and Figure 32),
together with the contribution that energy efficiency and switching from fossil fuels to each low carbon
fuel has made to delivering the emissions reduction. A key assumption behind these graphs is that
electricity is net-zero carbon by 2030 (in line with government targets), hence any fossil fuels remaining
in the electricity generation mix would need to be offset by negative emissions (for example through
bioenergy with carbon capture and storage (BECCS) or afforestation). The charts include energy and
transport emissions, but exclude industrial process, agricultural, land use, forestry and waste emissions.
The residual emissions in 2050 are largely related to the small amount of gas use remaining in 2050 in
the industrial sector. These residual emissions would need to be offset with negative emissions in order
to achieve a net-zero economy by 2050.

Figure 33: Contributions to CO2 emissions reduction from current baseline to 2050 in the High
Electrification scenario

Figure 34: Contribution to CO2 emissions reduction from current baseline to 2050 in the High
Hydrogen and Integrated Energy System scenarios
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Electrification makes a significant contribution to the reduction of carbon emissions. This is due to both
the assumed decarbonisation of the electricity generation mix and switching from fossil fuels to zero
carbon electricity (e.g. in the transport sector). The role of hydrogen in carbon emissions reduction is
significantly greater in the High Hydrogen and Integrated Energy System scenarios, where it delivers
around a quarter of the total reduction in emissions by 2050. It should be noted that a large part of the
emissions reduction attributed to energy efficiency is due to higher efficiency drivetrains in the transport
sector, which is benefits both battery and hydrogen electric vehicles. Due to the assumption that
electricity will be net-zero from 2030 in all scenarios, we see no difference between the emissions
reduction delivered by hydrogen in the High Hydrogen and Integrated Energy System scenarios (as the
demand for hydrogen and electricity is the same in these scenarios). However, it is important to note
that in the Integrated Energy System scenario, hydrogen plays a larger role in enabling a net-zero and
resilient electricity generation mix.

13.5 Electricity and hydrogen supply - Energy systems capacity and
operation
All parameters resulting from of our analysis of supply and demand balance for both electricity and
hydrogen networks for the years 2030 till 2050 are reported in this section, together with the key
characteristics of the infrastructure and operation of the hydrogen system for the years 2030 till 2050.
The results are summarised in Table 38 for the High Electrification Scenario, in Table 39 for the High
Hydrogen scenario and in Table 40 for the Integrated Energy System scenario. These parameters are:
•
•

•

•
•

•

Annual energy demand – total hydrogen demand from both the gas networks and refuelling
stations across the North Island
Electricity generation capacity – required installed electricity generation capacity to support
both electricity demand for use as electricity and for the electrolysis of hydrogen. Total capacity
is disaggregated into relevant technologies.
Annual electricity generation – electricity supplied each year to the electricity network. Total
generation is disaggregated into relevant technologies. ‘Other’ generation includes fossil fuels,
biomass, cogeneration and other renewables.
Hydrogen electrolysers – capacity and operation of the hydrogen electrolysers.
Hydrogen storage – size and operation of the hydrogen storage (composed of line pack in the
High Electrification and High Hydrogen scenarios, with the addition of interseasonal storage for
the Integrated Energy System scenario).
Other – additional info on the hydrogen system.
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Table 38: High Electrification
Unit

2030

2035

2040

2045

2050

Hydrogen

TWh/yr

0.9

2.9

8.0

13.7

19.7

Electricity

TWh/yr

49.9

58.7

66.6

74.4

79.4

Solar

GW

2.7

4.0

7.5

11.5

14.7

Wind

GW

3.4

5.5

9.0

14.5

17.5

Geothermal

GW

1.4

1.7

1.7

1.8

1.8

Hydroelectric

GW

5.3

5.5

5.5

5.5

5.5

Other

GW

1.2

2.1

3.3

4.4

5.2

Hydrogen CCGT

GW

0.0

0.0

0.0

0.0

0.0

Solar

TWh/yr

4.3

6.4

12.1

18.5

23.7

Wind

TWh/yr

11.9

19.3

31.5

50.8

61.3

Geothermal

TWh/yr

9.3

11.3

11.3

11.9

11.9

Hydroelectric

TWh/yr

24.4

23.9

24.0

23.6

23.5

Other

TWh/yr

0.07

0.18

0.37

0.45

0.56

Hydrogen CCGT

TWh/yr

0

0

0

0

0

GWH2

0.25

0.5

2

3

4.5

-

0.42

0.63

0.45

0.50

0.48

TWh

0.004

0.004

0.05

0.05

0.05

Total flow into storage

TWh/yr

0.058

0.16

0.50

0.81

1.31

Total flow from storage

TWh/yr

0.05

0.16

0.48

0.78

1.28

Hours flow into storage

hr

1,489

2,802

1,586

1,131

1,267

Hours flow from storage

hr

1,484

2,717

1,692

1,184

1,395

Max store fill rate

TW

0.0004

0.001

0.003

0.004

0.004

Max store extraction rate

TW

0.00011

0.0004

0.0012

0.0020

0.0030

Hydrogen CCGT demand

TWh/yr

0

0

0

0

0

RES spill / curtailment

TWh/yr

0.62

0.80

4.68

15.73

18.89

Hydrogen demand unmet

TWh/yr

0

0

0

0.003

0.090

Annual energy demand

Electricity generation capacity

Annual electricity generation

Hydrogen electrolysers
Electrolyser capacity
Electrolyser load factor
Hydrogen storage (line pack)
Storage capacity

Other
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Table 39: High Hydrogen scenario
Unit

2030

2035

2040

2045

2050

Hydrogen

TWh/yr

1.6

6.6

17.4

28.9

41.4

Electricity

TWh/yr

46.4

51.4

55.9

60.4

63.2

Solar

GW

2.1

3.5

9.5

11.0

20.5

Wind

GW

3.5

5.0

12.0

17.0

18.5

Geothermal

GW

1.4

1.7

1.7

1.7

1.7

Hydroelectric

GW

5.3

5.5

5.5

5.5

5.5

Other

GW

0.7

0.8

0.0

1.8

2.7

Hydrogen CCGT

GW

0.0

0.6

1.6

0.8

0.7

Solar

TWh/yr

3.4

5.6

15.3

17.7

33.0

Wind

TWh/yr

12.3

17.5

42.0

59.6

64.8

Geothermal

TWh/yr

9.3

11.3

11.3

11.3

11.3

Hydroelectric

TWh/yr

24.8

24.7

24.4

24.6

23.8

Other

TWh/yr

0.009

0.008

0

0.017

0.041

Hydrogen CCGT

TWh/yr

0

0.008

0.020

0.024

0.012

GWH2

0.5

1.5

4

7

9.5

-

0.38

0.50

0.49

0.46

0.48

TWh

0.004

0.004

0.05

0.05

0.05

Total flow into storage

TWh/yr

0.004

0.18

0.43

0.98

2.29

Total flow from storage

TWh/yr

0.0005

0.18

0.40

0.96

2.26

Hours flow into storage

hr

32

1,932

699

1,076

1,735

Hours flow from storage

hr

15

2,144

864

1,269

2,040

Max store fill rate

TW

0.0008

0.002

0.004

0.004

0.004

Max store extraction rate

TW

0.00009

0.0017

0.0056

0.0040

0.0040

Hydrogen CCGT demand

TWh/yr

0

0.02

0.05

0.06

0.03

RES spill / curtailment

TWh/yr

3.01

1.51

18.29

20.34

22.40

Hydrogen demand unmet

TWh/yr

0

0.005

0

0.106

0.252

Annual energy demand

Electricity generation capacity

Annual electricity generation

Hydrogen electrolysers
Electrolyser capacity
Electrolyser load factor
Hydrogen storage (line pack)
Storage capacity

Other
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Table 40: Integrated energy system scenario
Unit

2030

2035

2040

2045

2050

Hydrogen

TWh/yr

1.6

6.6

17.4

29.0

41.5

Electricity

TWh/yr

46.4

51.4

55.9

60.3

63.2

Solar

GW

2.1

3.5

9.5

9.8

13.5

Wind

GW

3.5

5.0

12.0

14.8

18.0

Geothermal

GW

1.4

1.7

1.7

1.7

1.7

Hydroelectric

GW

5.3

5.5

5.5

5.5

5.5

Other

GW

0.7

0.8

0.0

0.0

0.0

Hydrogen CCGT

GW

0.0

0.6

1.6

2.3

2.7

Solar

TWh/yr

3.4

5.6

15.3

15.8

21.7

Wind

TWh/yr

12.3

17.5

42.0

51.9

63.1

Geo

TWh/yr

9.3

11.3

11.3

11.3

11.3

Hydroelectric

TWh/yr

24.8

24.7

24.4

24.8

24.7

Other

TWh/yr

0.009

0.008

0

0

0

Hydrogen CCGT

TWh/yr

0

0.008

0.020

0.050

0.062

GWH2

0.5

1.5

4.0

5.0

7.0

-

0.38

0.50

0.49

0.69

0.68

Annual energy demand

Electricity generation capacity

Annual electricity generation

Hydrogen electrolysers
Electrolyser capacity
Electrolyser load factor

Hydrogen storage (line pack + interseasonal)
Storage capacity

TWh

0.004

0.004

0.05

5

5

Total flow into storage

TWh/yr

0.004

0.18

0.43

4.45

6.17

Total flow from storage

TWh/yr

0.0005

0.18

0.40

1.95

3.67

Hours flow into storage

hr

32

1,932

699

4,546

4,800

Hours flow from storage

hr

15

2,144

864

2,613

3,421

Max store fill rate

TW

0.0008

0.002

0.004

0.004

0.004

Max store extraction rate

TW

0.00009

0.0017

0.0056

0.0086

0.0109

Hydrogen CCGT demand

TWh/yr

0

0.02

0.05

0.12

0.16

RES spill / curtailment

TWh/yr

3.01

1.51

18.29

7.67

7.08

Hydrogen demand unmet

TWh/yr

0

0.005

0

0

0.014

Other

13.6 Cost of hydrogen
The cost of generation of hydrogen has also been assessed for the high electrification scenario and the
high hydrogen scenario. A breakdown of the annual cost of hydrogen for all years of the project is
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shown in Figure 35 and Figure 36 for the High Electrification scenario and in Figure 37 and Figure 38
for the High Hydrogen scenario, with costs expressed in NZ$/MWh and NZ$/kg respectively.

Figure 35: Annual hydrogen cost in the High Electrification scenario in NZ$/MWh

Figure 36: Annual hydrogen cost in the High Electrification scenario in NZ$/kg
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Figure 37: Annual hydrogen cost in the High Hydrogen scenario in NZ$/MWh

Figure 38: Annual hydrogen cost in the High Hydrogen scenario in NZ$/kg
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13.7 Hydrogen generation via methane reformation with CCS
This study has focussed on the potential for green hydrogen, produced via water electrolysis using
renewable electricity, to meet the demand for hydrogen in each of our scenarios. An alternative to
green hydrogen is so-called ‘blue’ hydrogen, which is hydrogen produced by reformation of natural gas.
Reformation involves reacting methane with steam in a process that produces H 2 and CO2, requiring
the CO2 produced to be captured and stored for the hydrogen to be considered a low carbon fuel.
We have assessed the cost of production of blue hydrogen in New Zealand as a comparison to the
green hydrogen production costs discussed in Section 10. We assume in this analysis that large-scale
reformers for blue hydrogen production would be located in the Taranaki region, with CO 2 captured and
stored in a nearby depleted gas field.
It is important to note that a 100% hydrogen network based solely on injection of hydrogen into the
transmission network at Taranaki is not expected to be feasible, due to the capacity constraints of the
current transmission system. Synergi modelling of the network has shown that the maximum flow rates
of hydrogen from Taranaki are not sufficient to meet peak hydrogen demands across the whole network
in our High Hydrogen and Integrated Energy system scenarios. To ensure hydrogen demands on the
network can be met at all times requires injection of hydrogen at other points on the network. It is not
expected that hydrogen could be produced at these other injection points by reformation, due to the
lack of infrastructure to transport natural gas to these locations once the network has been converted.
However, a scenario could be envisaged whereby blue hydrogen produced in Taranaki is supplemented
by green hydrogen produced by electrolysers placed at strategic locations around the network to ensure
that hydrogen demands can be met.
In light of the lack of a technically feasible solution for a 100% blue hydrogen network, we have
considered blue hydrogen as a competitor to green hydrogen for a portion of the overall required
hydrogen production capacity. We have therefore assessed the cost of production of blue hydrogen at
the point of injection to the network, including the costs of carbon capture and storage, for comparison
to the cost of green hydrogen at the point of injection, i.e. excluding consideration of the network costs.

13.7.1 Unit cost of blue hydrogen
We have assessed the cost of blue hydrogen within the same economic model as used to assess the
costs of green hydrogen production. This model includes all capital, operating and financing costs
associated with the reformers, as well as the infrastructure required for carbon capture, transportation
and storage. The carbon capture and storage costs are based on the assumption that the CO 2 from
reformers located in Taranaki will be stored in nearby depleted gas fields. The detailed cost
assumptions used in the analysis are presented in Section 13.8.4.
The unit cost of blue hydrogen production over time is shown in the figure below for our highest
hydrogen demand scenario (i.e. consistent with High Hydrogen and the Integrated Energy System
scenarios). While it is assumed that there is some growth in production capacity over time as the
demand for hydrogen increases, a significant amount of infrastructure is required at the outset (e.g. we
assume a minimum reformer and CO2 infrastructure capacity). Hence the unit cost of hydrogen is high
in the early years while the volumes of hydrogen produced are low (note that capital costs of
infrastructure are amortised over the plant lifetimes with a typical cost of capital).
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Figure 39: Annual cost of hydrogen generation through reformation of natural gas with carbon
capture and storage (CCS) in NZ$/MWh

Figure 40: Annual cost of hydrogen generation through reformation of natural gas with carbon
capture and storage (CCS) in NZ$/kg
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13.7.2 Comparison of Green and Blue hydrogen costs
A 100% hydrogen network based on blue hydrogen is not expected to be feasible, due to the
transmission network constraints on flows of hydrogen from the injection point in Taranaki. However,
blue hydrogen injected into the network at Taranaki could form part of a mixed supply of blue and green
hydrogen in the network, with the green H2 being produced by electrolysers located outside of Taranaki.
To assess whether blue hydrogen might have a role in supply to the network, we have considered the
cost comparison between blue and green hydrogen, as shown in the figure below for 2050. Note that
here we are comparing the cost of production, but we are not including network and storage costs in
either the blue or green hydrogen case.

Figure 41: Comparison between the cost of hydrogen generation via electrolysis and via
methane reformation with CCS
As shown in Figure 39 and Figure 40, the cost of hydrogen produced by reformation is dominated by
the cost of the natural gas feedstock once the volumes of production have ramped up such that the
utilisation of the plant is high (the capex and fixed opex costs are spread over a high output). Hence,
the cost of production of hydrogen is strongly dependent on the natural gas price assumed. We find
that green hydrogen is less costly to produce than blue hydrogen under our high natural gas price
scenario (a gas price of NZ$70/MWh in 2050), but under our medium and low gas price scenarios
(NZ$24/MWh and NZ$18/MWh respectively), blue hydrogen is lower cost. Note that we assume a high
carbon price in all our gas price scenarios but assume that this is only applicable to the proportion of
the carbon emissions that are not captured in the process (assuming a 95% capture rate).

13.8 Economic modelling cost assumptions
In this section we have reported all assumptions around costs and operation utilised in the economic
analysis. When assessing the cost of investments, a cashflow model was implemented, based on a
cost of capital of 6% and payment over the lifetime of the appliance or infrastructure.
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13.8.1 Electricity
The electricity generation mix is expected to change radically between now and 2050 as the electricity
system is decarbonised. This will involve retirement of existing fossil fuel plant, to be replaced by
increased capacity of renewable generation, largely wind and solar, and increasing electricity storage.
As discussed in Section 8.2, in this study we have assumed the changes to the generation mix to meet
demands in the power sector is broadly in line with the forecasts in the Whakamana i Te Mauri Hiko
study for scenarios with similar levels of power sector demand growth as forecast in our scenarios. In
addition, a large amount of renewable electricity generation is required in our scenarios to meet the
electricity demands in the hydrogen sector, i.e. the demand for electrolysis, which we assume is met by
additional wind and solar capacity.
These large-scale changes to electricity demand and the generation mix are expected to have a
significant impact on electricity price. To forecast these price changes in detail would require generator
dispatch and market modelling, which is beyond the scope of this study. In the absence of these
models, we have used a simplified approach to estimate how the wholesale price changes as the
generation mix evolves on the basis of the generation (TWh/yr output) weighted average of the long
run marginal cost of the added plant (wind and solar) and the existing wholesale price (applied to the
existing plant remaining in the mix). This results in a forecast reduction in the electricity wholesale price
over time, as the LRMC of wind and solar is less than the current wholesale price (and drops over time).
As the generation mix differs in our scenarios, due to the differing electricity demand in the power sector
and for hydrogen production, the projected change in the wholesale price also differs between the
scenarios. The price projections are shown in the figure below.
The significant drop in electricity price in the integrated energy system scenario is due to the change in
supply options, transitioning from grid supply to a mixed supply that integrates both grid supply and
dedicated RES.

Figure 42: Electricity price projections in each scenario in NZ$/MWh

13.8.2 Natural gas
We have developed a number of projections for the cost of using natural gas, based on assumptions
regarding the future outlook for the gas wholesale price and varying trajectories for the cost of carbon,
which is assumed to be a key component of the overall gas price.
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We have developed three scenarios for the natural gas wholesale price in 2050, as shown in the table
below, based on recent average and peak prices (based on energy statistics data published by MBIE 49).
A simple assumption of a linear trajectory between the current wholesale price and these 2050 price
projections has been assumed.
Table 41: Natural gas price assumptions
Scenario

2050 Wholesale price (NZ$/GJ)

Assumption / note

Low

5.0

Pre-2018 typical price

Mid

6.7

2019 average price

High

19.5

Mid-2018 peak price

We also developed three trajectories for the carbon price over the period to 2050, based on the ‘Long
term gas supply and demand scenarios – 2019 update’, published by the Gas Industry Company 50.
These carbon price trajectories, shown in the table below, span a range of 2050 carbon price
assumptions from 50 to 200 NZ$/tCO2.
Table 42: Carbon price assumptions
Carbon price (NZ$/tCO2)

2020

2025

2030

2035

2040

2045

2050

High

25

90

137

160

176

189

200

Mid

25

59

73

83

90

95

100

Low

25

36

41

44

47

48

50

The price of gas through time calculated on the basis of these wholesale and carbon price trajectories
is shown in Figure 43 below as an upper and lower bound.

Figure 43: Upper and lower bounds of gas price projections in NZ$/GJ
Our modelling of the cost of ‘blue’ hydrogen production, via the reformation of natural gas, has been
based on the Mid wholesale price and High carbon price assumption. However, as we assume that
95% of the CO2 produced in the reformation process is captured and stored, we assumed that the
49

www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-statistics-andmodelling/energy-statistics/energy-prices/
50www.gasindustry.co.nz/work-programmes/gas-supply-and-demand/long-term-gas-supply-anddemand-scenarios-2019-update/
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carbon price was only applied to the 5% of CO 2 emissions that are assumed to escape to the
atmosphere.

13.8.3 Electrolysers
In this work it was assumed that the generation of green hydrogen would occur in electrolyser systems
using the Polymer Electrolyte Membrane (PEM) technology. PEM electrolysers are expected to be
available with a capacity of 100 MW from 2024 onwards. Their responsiveness is superior to that of
alkaline or solid oxide electrolysers, as PEM electrolysers have a response rate of seconds or below
one second, which is very suitable for matching the intermittent energy output of RES power generation.
Current R&D advancement is aimed at increasing stack efficiency and reducing capital costs, as well
as increasing hydrogen output pressure. While as of today typical output pressure of hydrogen from
PEM electrolysers is around 3 MPa, it is expected that in 2050 output pressure will increase to 8 MPa,
thus reducing the need for compression of hydrogen prior to injection in the transmission and distribution
networks.
Output hydrogen purity for PEM electrolysers is higher than 99.95%, with impurities including mainly
moisture and oxygen. A purity of at least 99.999% can be achieved with a further drying step. Before
the shutdown of an alkaline electrolyser the cathode and anode compartments have to be purged to
avoid the formation of explosive gases. This results in the need of additional infrastructure and a lower
quality of hydrogen right after start-up.
Table 43 and Table 44 report the key assumptions around electrolysers that were used in our economic
model. The cost and efficiency of electrolysers include: the electrolyser system, all necessary balance
of plant (drier, cooling, de-oxo equipment, de-ionisation), civil works for the electrolyser (building +
foundations) and grid connection.
Table 43: Electrolyser assumptions (1/2)
Unit

Assumption

Electrolyser lifetime51

yr

30

Electrolyser stack lifetime51

yr

10

% of electrolyser cost

60%

MW

100

Electrolyser stack cost51
Electrolyser unit size51

Table 44: Electrolyser assumptions (2/2)
Unit

2020

2025

2030

2035

2040

2045

2050

Capex51

NZ$/kW el

1,586

1,057

846

793

740

730

719

Fixed opex51

NZ$/kW el/yr

50.3

50.3

50.3

50.3

50.3

50.3

50.3

Efficiency

kWh H2 HHV / kWh el

0.72

0.76

0.79

0.80

0.81

0.82

0.82

An additional 20-30% cost reduction can be expected for the bulk purchase of a large number of
electrolysers. Such cost reduction was not considered in the model inputs due to campaign buildout of
electrolyser capacity.

51

Element Energy 2018 Hydrogen supply chain: evidence base
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13.8.4 Reformation and CCS
The generation of blue hydrogen was assumed to occur within a number of Autothermal
Reforming (ATR) units equipped with Carbon Capture (CC) technology. The captured CO2 was
assumed to be stored in an offshore depleted gas well.
Numerous ATRs are in operation worldwide, but most operate as secondary reformers in ammonia
plants with SMR technology. The technology for Steam Methane Reformation (SMR) is widely used
across the refining and petrochemical industries.
ATR has been assumed for the analysis of blue hydrogen production rather than SMRs in this work as
the high capital cost of capturing CO2 from SMR flue gas makes the use of ATR more attractive especially if CO2 capture rates >90% are required. If a portion of the hydrogen produced is used as fuel
in a CCGT to generate power to meet the plant’s power requirement, CO2 capture rates of 95% can be
achieved with ATR technology (versus 90% maximum for SMR technology).
The ATR plant and the capture unit cannot be readily turned up and down (or off), due to their high
temperature processes. The minimum operating capacity of the plants is 70% with a turn up/down rate
of not more than 10% in 24 hours. H2 produced from all reformers needs compression prior to injection
in the transmission network.
Methane reformation will produce limited quantities of contaminants (e.g. carbon monoxide) which can
cause issues for fuel cell systems as well as potentially causing health issues – this requires purification
via either pressure swing or membrane-based purifiers.
Table 45 and Table 46 report the key assumptions around the reformers and capture units that were
used in our economic model.
Table 45: Reformer and carbon capture unit assumptions (1/2)
Unit

Assumption

Reformer lifetime

yr

25

Reformer unit size

MW

1,000

%

95%

tCO2/MWh

0.194

Carbon capture rate
Carbon content of natural gas

Table 46: Reformer and carbon capture unit assumptions (2/2)
Unit

2020

2025

2030

2035

2040

2045

2050

1,377

1,309

1,239

1,138

1,068

1,002

939

Capex

NZ$/kW

Fixed opex

NZ$/kW /yr

60.7

60.7

60.7

60.7

60.7

60.7

60.7

Variable opex

c/kWh

0.031

0.031

0.031

0.031

0.031

0.031

0.031

Efficiency

kWh H2 HHV / kWh NG

0.73

0.73

0.73

0.73

0.73

0.73

0.73

New Zealand offers ample geological storage capacity for CO2, which can be stored in depleted oil and
gas fields or geological formations. Onshore CO2 storage capacity is estimated to be of the order of
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~15,000 Mt52. If sufficient blue hydrogen was produced to supply the entire demand of the integrated
energy system scenario, the storage capacity of 300 Mt at Maui field alone would be sufficient to store
all the captured CO2 until 2070.
Table 47 shows our assumptions around the infrastructure for the transport and storage of the captured
CO2. Table 48 reports the cost assumptions for the CO2 pipeline. While no assumption was made on
the onshore or offshore location of the storage site, offshore pipeline costs were utilised to account for
the maximum cost possible.
Table 47: Carbon transport and storage assumptions
Unit

Assumption

CO2 pipeline lifetime

yr

30

CO2 storage infrastructure lifetime

yr

50

MtCO2

300

km

35

MtCO2/year

1-10

CO2 storage capacity\
CO2 pipeline length
Flow rate

Table 48: CO2 offshore pipeline capex
Flow rate
(MtCO2/yr)

0.1

0.2

0.5

1

2

5

10

Length
(km)

Capex
(NZ$/inch/km)

1

381,285

0.86

0.43

0.17

0.09

0.04

0.02

0.02

25

326,210

18.35

9.17

3.67

2.45

1.63

0.82

0.57

30

293,024

19.78

9.89

3.96

2.64

1.76

1.05

0.62

40

246,246

22.16

11.08

4.43

2.95

1.97

1.18

0.79

50

218,180

24.55

12.27

6.55

4.36

2.18

1.31

0.87

60

197,703

26.69

13.34

7.12

4.74

2.97

1.42

0.95

80

174,755

31.46

15.73

8.39

5.59

3.50

1.96

1.26

100

160,987

36.22

18.11

9.66

6.44

4.02

2.25

1.45

150

141,923

47.90

23.95

12.77

8.52

5.32

2.98

2.13

200

132,390

59.58

29.79

21.18

10.59

7.94

4.24

2.65

Capex (NZ$/tCO2)

Pipeline opex in NZ$/tCO2 is assumed to be 20% of capex in NZ$/tCO2. Costs refer to the installation
of a new pipeline. if the previous natural gas pipeline can be repurposed, infrastructure costs could be
lower.

52

King et al. 2009 Opportunities for underground geological storage of CO2 in New Zealand - Report CCS -08/5 Onshore Taranaki Basin overview; GNS Science 2013 Carbon capture and storage: Setting the New Zealand
scene
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Table 49: Cost of new injection point at storage site for flow rate of 4MtCO2//yr
Unit

Assumption

24 new carbon storage wells

NZ$ million

478

Commissioning

NZ$ million

10

Contingency (20%)

NZ$ million

24

NZ$ million / yr

15

Opex

13.8.5 Interseasonal hydrogen storage
Our Integrated Energy System scenario includes an assumption that a large-scale, interseasonal
hydrogen storage facility will be available from the mid-2040s. We assume that this will be located in
the Taranaki area and be provided by depleted gas fields, which have a high potential capacity for
hydrogen storage.
The hydrogen supply and demand modelling for the Integrated Scenario found that a storage facility
with an 18 PJ (5 TWh) capacity (i.e. useable energy storage) would be appropriate. The main
assumptions regarding this large-scale store used in the modelling are shown in the table below.
Table 50: Assumptions used in modelling of the interseasonal H 2 storage facility
Unit

Assumption

PJ

18

Capex

NZ$ million

200

Opex

NZ$ million / yr

80

yr

30

Storage capacity

Storage infrastructure lifetime

13.8.6 Hydrogen compression
For the storage and the subsequent extraction of hydrogen at the interseasonal storage site a large
compressor is required near the injection site. Table 51 reports our assumptions around the compressor
cost, size and operations.
Table 51: Hydrogen compressors at the interseasonal storage site

Max store fill/extraction rate
Compressor lifetime
Capex
Fixed opex
Fuel use

Unit

Assumption

GW

4

yr

25

NZ$ million

564

NZ$ million / yr

34

kWe / kW H2

0.0176

In the High Electrification’ and High Hydrogen scenarios the transportation of hydrogen along the
transmission network is not expected to require the installation of compressors. In fact, the pressure at
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the output of the strategically placed electrolysers would be sufficient to provide the pressure gradient
necessary for the displacement of the gas.
In the ‘Integrated Energy System’ scenario, on the other hand, a small number of compressors will be
required to balance the pressure swings produced by the utilisation of the seasonal storage. The
number of compressors required by the transmission network for the transportation of hydrogen is
however smaller than the number of compressors required in a business-as-usual scenario for the
transportation of gas. The cost of these compressors was not included in our analysis.

13.8.7 Distribution network upgrades
All assumptions around the extent and the cost of the works of upgrade of the distribution network
infrastructure are summarised in Table 52. Costs for the upgrade of the distribution networks of the
entire North Island were estimated based on the costs for the upgrade of the Hamilton distribution
network.
Table 52: Assumptions around distribution network upgrades
Unit

Assumptions

Distribution network length (Hamilton network)

km

1,456

Distribution network length (North Island)

km

18,000

Length of distribution network to upgrade (Hamilton)

km

33

•

DN250 PE100

km

18

•

DN200 PE100

km

0.2

•

DN140 PE100

km

14.8

Length of distribution network to upgrade (North Island)

km

400

Lifetime

yr

45

NZ$/in/km

80,000

Capex

13.8.8 Water
Our assumptions around the cost of water for both electrolysis and reformation, as well as water
consumption are summarised in Table 53.
Table 53: Assumptions around water use and cost
Unit

Assumption

NZ$/m3 water

1.352

Electrolyser water consumption

litres H2O/kWh H2 HHV

0.30

Reformer water consumption

litres H2O/kWh H2 HHV

0.12

Non-domestic water cost (excl. GST)53

53

Watercare Non-domestic water charges 2019-2020
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13.9 Summary of the policy and regulatory framework related to largescale hydrogen deployment
13.9.1 Introduction
This section summarises how the current New Zealand policy and regulatory frameworks align to largescale hydrogen deployment in the country. It is drawn from a review of publicly available sources
including:
•

The most relevant legislative acts and laws (e.g. the Climate Change Response (Zero Carbon)
Amendment Act 2019 and the Climate Change Response (Emissions Trading) Amendment Act
2008, and the Crown Minerals Amendment Bill 2019).

•

Policy papers outlining the government strategy regarding hydrogen and renewable energy in
general (e.g. “A Vision for Hydrogen in New Zealand” and “Accelerating renewable energy and
energy efficiency” by the New Zealand Government).

•

Additional literature on the subject matter, consultancy reports, government documents, industry
publications and so on (e.g. the H2 Taranaki Roadmap, Vivid Economics’ report for Firstgas on the
“Future of Gas”, and “Pathways to Net-Zero: Decarbonising the Gas Networks in Great Britain” by
Navigant).

This section is structured as follows: section 2 investigates the extent to which the policy and regulatory
frameworks support or hinder deployment, and section 3 outlines the key actions that Government and
other stakeholders can take to encourage hydrogen uptake.

13.9.2 Hydrogen within the current policy framework
Net zero target
The Zero Carbon Act54 enshrined in law the commitment from the New Zealand Government to
achieving net zero emissions by 2050.55 The same Act established the Interim Climate Change
Commission (ICCC), an advisory body tasked with providing advice for setting carbon budgets to
support the achievement of the 2050 target and to suggest realistic ways to meet these. Advice from
the ICCC due in May 2021 is expected to provide more information regarding the role for hydrogen in
decarbonising the New Zealand economy, not explicitly specified within the Zero Carbon Act.

Carbon pricing
The New Zealand Emissions Trading Scheme (NZ-ETS) is the Government’s main tool for
meeting climate change targets, covering just over 50% of New Zealand’s greenhouse gas
emissions.56 First legislated in the Climate Change Response (Emissions Trading) Amendment Act
2008, the NZ-ETS was recently reformed via the Climate Change Response (Emissions Trading
Reform) Amendment Act 2020, which introduced carbon price controls “to prevent unacceptably high
or low auction prices”.57 Specifically, the reforms include:
•

A cost containment reserve (CCR) replacing the current fixed price option that limits the carbon
price to $35/t CO2eq. Under the CCR rules, additional units would be released into an auction if
the unit price reaches $50.58 While limiting the price increase, this mechanism does not provide
an absolute cap.

54

Formally, the Climate Change Response (Zero Carbon) Amendment Act 2019.
http://www.legislation.govt.nz/act/public/2019/0061/latest/whole.html.
56 https://www.mfe.govt.nz/ets.
57 https://www.mfe.govt.nz/overview-reforming-new-zealand-emissions-trading-scheme.
58 The $50 threshold will increase by 2% per year after 2021.
55
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•

A price floor set at $20 in 2021 and subsequently rising by 2% per year. This sets the lowest
carbon price that emitters included in the NZ-ETS can expect to pay.

Although these reforms provide an increasing incentive to decarbonise, it is unlikely that a carbon price
of $20-50/tCO2 would suffice in inducing hydrogen deployment. Analysis by Vivid Economic for
Firstgas and PowerCo estimated that a carbon price of between $450-600 per tonne of CO2 would
be needed to justify replacing gas with hydrogen on economic grounds alone.59

Energy security in a post-fossil economy
With the Crown Minerals Amendment Bill 2019 the Government banned the issue of new permits for
offshore oil and gas exploration.60 This Bill does not fully put an end to oil and gas extraction activities,
since new permits in the onshore Taranaki area are still allowed and new offshore petroleum exploration
permit may be granted in cases where an exploration permit already existed before the Bill came into
force. However, it does send a clear signal that fossil fuels are going to play a progressively reduced
role within the national energy system. The removal of fossil fuels has important implications for
energy security. In this context, hydrogen deployment could help in two ways:
•

When used as a form of electricity storage hydrogen can increase the reliability of the electricity
system, i.e. it can help ensure that demand and supply meet at all times.

•

Hydrogen also constitutes an effective way for long-term, seasonal energy storage. Since no
battery technology can compete with fossil fuels in the way hydrogen does, due to the lower energy
density and progressive self-discharge that feature in all forms of electrochemical energy storage
systems, hydrogen could have a primary role in improving the resilience of the energy system,
i.e. its ability to resist disruption from natural disasters, geopolitical conflicts, and other system
shocks (e.g. dry years).

The Government’s vision for (green) hydrogen
While there is currently no policy framework that mandates or provides a significant driver for the uptake
of hydrogen, the Government acknowledges that hydrogen “could become a major differentiator for
New Zealand’s energy, transport and industrial sectors with substantial export potential”.61
It is worth noting that, while low-carbon hydrogen can be produced from fossil fuels with carbon capture
(blue hydrogen) as well as from renewable energy sources (green hydrogen), and both may have a role
to play in New Zealand’s transition to net zero, the Government’s position is that “there is greater
opportunity for New Zealand in exploring the use of our renewable energy to produce green
hydrogen as an alternative fuel”. In this context it is worth noting that, while green hydrogen appears
to be consistent with the Māori world view,62 the same might not be true for hydrogen produced from
fossil fuels.
The following sectors are highlighted as of primary interest within the context of the Government’s vision
for hydrogen:

59

Vivid Economic for Firstgas and PowerCo (2018). Gas Infrastructure Futures in a Net Zero New
Zealand. https://firstgas.co.nz/news/gas-infrastructure-futures-in-a-net-zero-new-zealand/.
60 http://www.legislation.govt.nz/bill/government/2018/0047/latest/whole.html#LMS30905.
61 New Zealand Government (2019). A Vision for Hydrogen in New Zealand. MBIE,
https://www.mbie.govt.nz/dmsdocument/6798-a-vision-for-hydrogen-in-new-zealand-green-paper.
62 “Māori view the energy system from a Te Ao Māori World view perspective, which is derived from
the realm of Ngā Atua. Natural resources – land, sea, water and people-are descended from the
spiritual realm. As descendants, Māori are the kaitiaki or stewards of these resources. […] Green
hydrogen, as a fuel created from water using the sun or the wind, has a life cycle that begins and
ends with water, and is thus a technology that is consistent with this perspective.”
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•

Harder-to-electrify segments of the transport sector such as heavy-duty road transport, shipping,
and aviation.

•

Iron and steel production, chemical manufacture and other high-temperature industrial heat.
Within industry, green hydrogen could also be used as a feedstock replacing hydrogen of fossil
origin.

•

Replacing natural gas combustion for heat generation, for instance in the context of district heating.

•

As an energy storage medium, where it would play a role of growing importance as the grid fully
decarbonises. In this context it is noteworthy that the Government aims to fully decarbonise the
electricity grid by 2035.

13.9.3 Actions required to support large-scale deployment of hydrogen
Policy actions and financial support
The Ministry of Business of Innovation & Employment (MBIE) already recognised hydrogen’s potential
role in “decarbonising activities for which electrification is not a practical option” and to “reduce the longterm cost of transition”,63 and proposed expanding the scope of the National Policy Statement for
Renewable Electricity Generation (NPSREG) to include green hydrogen 64 next to renewable energy
generation as a way to support hydrogen deployment.
A key role for policy is in providing financial support to hydrogen projects, which would not be expected
to be investable without it. Several support mechanisms have been proposed from the H2 Taranaki
roadmap:
•

Contributions to the infrastructure cost through grants, low-interest loans and loan guarantees.

•

Tax incentives/relief for capital investments (e.g. in hydrogen production).

•

Establishment of a green certificate scheme for hydrogen production

•

Financial support mechanisms (e.g. the UK renewable transport fuel certificates) until sustainable
competitiveness is reached.

•

Time-bound exemptions for hydrogen vehicles from road user charges.

As an alternative to offering direct financial support (or as complementary measure), policy could help
create market demand via public sector projects, e.g. with the public procurement of hydrogen bus,
trains, and vehicle fleets.
The H2 Taranaki roadmap also suggested several potential funding sources to finance the above:
•

Provincial Growth Fund (expected to be replaced by the new Regional Strategic Partnership Fund
and new capital funds for regions).

•

Green Investment Finance.

•

Reinvestment of Emissions Trading Scheme income.

•

Low Emissions Vehicle Contestable Fund.

•

Technology Demonstration Fund.

63

MBIE (2019). Accelerating renewable energy and energy efficiency. https://www.mbie.govt.nz/haveyour-say/accelerating-renewable-energy-and-energy-efficiency/.
64 As well as other types of renewable energy like wood energy, liquid biofuels, and waste-to-energy.
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Updates to the regulatory framework
The 1992 Gas Act is the main act that oversees the gas sector, providing for the regulation, supply, and
use of gas in New Zealand. The Act does not currently include hydrogen.65 Hence, the first
regulatory change required would be to include hydrogen within its scope, which can be done via
a mechanism already prescribed by the Act through which a substance can be classified as a gas.
The H2 Taranaki Roadmap further highlighted the following acts as likely necessitating updates to
enable hydrogen deployment:66
•

Health and Safety at Work Act 2015, which covers hazardous activities, workplaces and facilities.

•

Hazardous Substances and New Organisms Act 1996, which covers storage and use of gas
containers.

•

Land Transport Act 1998 and amendments, which covers technical aspects of land transport.

•

Electricity Act 1992 providing for the regulation, supply, and use of electricity in New Zealand.

The H2 Taranaki Roadmap is not specific on the regulations that would require amendments but notes
the importance of favouring “the application of existing international standards and best practises within
the regulatory framework rather than seeking to tailor equipment and practises to New Zealand via
prescriptive regulations.”
A recent report by Navigant for the UK Energy Networks Association puts forward numerous additional
recommendations for updating the UK regulatory framework to remove the main obstacles to hydrogen
uptake, summarised in Table 54. While the challenges and actions reported below are expected to be
largely relevant to the New Zealand case, further work would be required to ascertain the specific
applicability of each to a New Zealand hydrogen roadmap.

Table 54: Actions to support a hydrogen pathway in Great Britain. Source: Navigant (2020).67
Issue or opportunity

Action required

Regulations restrict the quantity of hydrogen that
can be supplied by the gas grid. Metering and
billing systems would not operate correctly if
hydrogen were used instead of (or blended with)
natural gas.

Update gas safety, metering, and billing
regulations to enable the addition of hydrogen
to the gas networks and bill customers
accurately.

Hydrogen appliances are not yet commercially
available, which may hold back hydrogen uptake.

Testing and certification of hydrogen ready
appliances (e.g. boilers). Mandating their
installation when they become commercially
available.

End-users could have access to hydrogen at
different times, which may result in different
energy costs (i.e. higher for those using
hydrogen, unless subsidies are available).

Develop cost-sharing methodology to prevent
financial barriers to hydrogen adoption.

65

The Act instead includes biogas, coal gas and refinery gas, as well as natural gas.
https://about.taranaki.info/Taranaki2050/Work-Group-Files/H2-Taranaki-Roadmap.pdf.
67 Navigant for the Energy Networks Association (2020). Pathways to Net-Zero: Decarbonising the
Gas Networks in Great Britain.
https://www.energynetworks.org/assets/files/gas/Navigant%20Pathways%20to%20Net-Zero.pdf.
66
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Issue or opportunity

Action required

There is a high initial cost to develop hydrogen
infrastructure, and such FOAK68 project is
exposed to significant commercial risks.

Develop funding policy and commercial
mechanisms to support investment in energy
infrastructure.

The transition to a low carbon energy system will
require new skills and additional labour capacity.
Without these, it might be challenging to proceed
as fast as is required to meet net-zero targets.

Develop skills and labour capacity to deliver
the transition to a decarbonised energy system
through training programmes, accreditation
schemes, and by raising awareness of the job
opportunities.

The decarbonisation of heat is not currently an
issue of which there is good awareness among
the public.

Effectively communicate the need and
mechanisms for end-users to switch to low
carbon and renewable gas heating
technologies.

Varying technical requirements for connection to
the gas network depending upon which gas
distribution company manages the relevant
section of the network add substantial cost to the
connection.

Standardise connection requirements across
gas networks.

Seasonality of heat demand implies need to
large-scale hydrogen storage will be necessary.
Storage capacity typically takes several years to
implement and is unlikely to be developed if
solely left to the market.

Examine the potential future seasonal storage
requirements for hydrogen clusters.
Evaluate storage sites.
Network and hydrogen storage planning and
preparation.

Continuous changes to the gas quality would be
experienced if the gas grid is progressively
greened by increasing the hydrogen share. This
could have serious implications on end users.

A pathway formed around clusters fully
switching to hydrogen could be more feasible.
Hence, there is a need for support mechanisms
for anchor users (e.g. industry or transport) to
fully convert to hydrogen.

New installations of fossil-fuelled appliances with
long lifetimes push back the date by which full
decarbonisation can be achieved.

Incentives and support mechanism to install
hydrogen ready appliances.

Green hydrogen production and use is not yet
happening on a commercial scale.

Innovation funding to support technology
development, e.g. to reduce the cost of
electrolysis.
Policy support to create business models that
enable extensive deployment of hydrogen
production and use.

68

First-of-a-kind.
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Relevant New Zealand Gas Regulations
Table 55 provides further detail on a number of relevant acts and regulations governing the New
Zealand gas industry and the potential requirements for amendments to accommodate hydrogen and
hydrogen blends in the gas network.
Table 55: New Zealand Gas regulations
Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

The Gas Act
(1992)

The purposes of this Act are—

As the key piece of legislation
providing for regulation of the
gas industry in New Zealand,
the Gas Act will need to be
reviewed and potentially
amended to ensure it legislates
appropriately for the production,
transport, supply and use of
hydrogen and hydrogen blends.

(a) to provide for the regulation, supply, and use of gas
in New Zealand; and
(b) to provide for the regulation of the gas industry in
New Zealand; and
(c) to protect the health and safety of members of the
public in connection with the supply and use of gas in
New Zealand; and
(d) to promote the prevention of damage to property in
connection with the supply and use of gas in New
Zealand.
Inter alia, it:
• sets out the roles and responsibilities of MBIE,
including its powers to carry out enquiries, tests, audits
or investigations to determine compliance with the Gas
Act and to ensure the safe supply and use of gas.
• grants owners, operators and other relevant persons
powers such as rights of entry and prescribes conditions
in respect of the exercise of those powers.
• establishes duties, such as requirements to inform
MBIE of key gas activities, especially in respect of gas
operators and other owners of gas fittings.
• allows for the issuance of industry codes of practice.
• includes various arrangements in respect of the
governance of the gas industry, including mandating the
co-regulatory model.
• mandates various requirements in
safety, including a requirement for
operators of gas supply systems to
management system that addresses
requirements.

respect of gas
all owners or
have a safety
the prescribed

• includes broad regulation-making powers.
• establishes various offences for breaches of the Gas
Act.
Gas (Safety and
Measurement)
Regulations
2010

These Regulations set out responsibilities and
obligations for the safe supply of gas and include:
• generic rules and requirements for safety.

Will require review and
potentially amendment to
ensure the regulations are
applicable to the supply of
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Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

• the point of supply for the delivery of gas.

hydrogen and safety and
certification of hydrogen
appliances.

• requirements for safety management systems (SMS).
• the third-party certification regime for gas appliances.
• the joint New Zealand/Australian gas appliance label.
• Offences
Health and
Safety at Work
Act 2015, which
covers
hazardous
activities,
workplaces and
facilities.

The Health and Safety at Work Act 2015 replaces the
Health and Safety in Employment Act 1992 (HSE Act)
and is part of a formal ‘Working Safer: a blueprint for
health and safety at work’ programme that substantially
reforms New Zealand health and safety system. It
follows the recommendations of an Independent
Taskforce on Workplace Health and Safety and took
effect in April 2016 following the development of
supporting regulations. Oil and gas sector-related
regulations previously introduced under the HSE Act
include the Health and Safety in Employment
(Pipelines) Regulations 1999 and the Health and Safety
in Employment (Petroleum Exploration and Extraction)
Regulations 2013.

Gas sector-related regulations
introduced under the Health and
Safety at Work Act or its
predecessors will require review
and potential amendments to
ensure they adequately cover
the production, injection,
transportation and use of
hydrogen and hydrogen blends.

Hazardous
Substances and
New Organisms
Act 1996, which
covers storage
and use of gas
containers.

The Hazardous Substances and New Organisms
(HSNO) Act 1996 aims to protect the environment and
the health and safety of communities, by preventing or
managing the adverse effects of hazardous substances
and new organisms. The provisions of the Act apply to
gas, as a flammable and potentially hazardous
substance, and dovetail with the safety requirements in
the Gas Act.

The provisions of this Act would
apply to hydrogen, as they do to
gas, as a flammable and
potentially hazardous
substance. The Act and
supporting regulationa will
require review and potential
amendments to ensure the
provisions adequately cover the
use of hydrogen and hydrogen
blends and remain consistent
with the safety requirements of
the Gas Act (including any
amendments relating to
hydrogen production, supply
and use).

Gas (Levy of
Industry
Participants)
Regulations
2020

These Regulations allow Gas Industry Co to collect
levies from the gas industry to fund its work. Gas
Industry Co is required to consult annually on the
development of a work programme and associated
costs, and to publish an annual Statement of Intent
(SOI). Its costs are met through a combination of levies
applied to wholesale and retail participants, and market
fees associated with the ongoing administration of
specified rules and regulations.

The transition of the gas
networks to supply hydrogen
may involved new industry
participants, not covered by the
current regulations.
Amendments may be required
to ensure the scope of the
regulations include all potential
participants in the hydrogen
supply chain.
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Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

Gas
(Downstream
Reconciliation)
Rules 2008

These Rules superseded the Reconciliation Code and
provide a set of uniform processes to enable the fair,
efficient, and reliable allocation and reconciliation of
downstream gas quantities. The Rules took effect from
2 October 2009, and allow for an Allocation Agent to:

The Gas (Downstream
Reconciliation) Rules will
require review and potential
amendments to ensure they
adequately account for changes
to direction of gas flows in a fully
hydrogen or blended gas
system. For example,
increased injection of gas into
the downstream network, gas
mixtures in the network
(differing CV) and deblending
may necessitate changes to
procedures for allocation and
reconciliation of gas quantities.

• gather information
consumption.

about

gas

injection

and

• allocate daily gas quantities to retailers at gas gates.
• reconcile downstream gas quantities.

Gas (Switching
Arrangements)
Rules 2008

These Rules codified existing arrangements that enable
consumers to choose, and alternate efficiently between
competing retailers. They provide for a centralised Gas
Registry that stores key information about every
consumer installation, facilitates the switching process,
and monitors switching timeframes from initiation
through to completion.

Switching rules may not be
affected by changes to the gas
supplied.

Gas Governance
(Compliance)
Regulations
2008

These Regulations establish a number of compliance
processes and key compliance roles, including the
Market Administrator, an Independent Investigator and
a Rulings Panel, and allow for the following rules and
regulations to be monitored and enforced to ensure the
integrity of key markets:

The Gas Governance
(Compliance) Regulations will
require review and potential
amendments to ensure that they
remain up-to-date given
potential amendments to the
rules and regulations that they
govern.

• Gas (Switching Arrangements) Rules 2008
• Gas (Downstream Reconciliation) Rules 2008
• Gas Governance (Critical Contingency
Management) Regulations 2008 The role of Market
Administrator is performed by Gas Industry Co. The
Independent Investigator function has a range of
powers to investigate and report on allegations of
breaches of the rules and regulations. The Rulings
Panel, an independent body appointed by the Minister
of Energy and Resources, approves or rejects
settlements referred to it by the Investigator and
determines breach allegations that are unable to be
settled, or in respect of which a settlement has not been
approved.
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Legislation /
Regulation

Objectives of the regulation

Requirement for amendments

Gas Governance
(Critical
Contingency
Management)
Regulations
2008

The purpose of these Regulations is to achieve the
effective management of critical gas outages and other
security of supply contingencies without compromising
long-term security of supply. They provide for the
appointment of a Critical Contingency Operator (CCO),
which is responsible for determining, managing, and
terminating critical contingencies, as well as associated
activities, such as training and conducting exercises.

Review and potential
amendments required to ensure
gas outages and security of
supply contingencies can be
effectively managed, given the
changes to flows in the network,
potential increase in number of
producers (including increased
supply variability) and injection
points and the potential for
large-scale hydrogen storage.

Retail Gas
Contracts
Oversight
Scheme

Ensure retailers’ supply contracts with small consumers
are in the long-term best interests of those consumers.

Requires review to determine
whether amendments are
required to cover the supply of
hydrogen and hydrogen blends.

Ensures an efficient market structure for the provision of
gas metering, pipeline and energy services.
Requires that industry contracts provide clear
information regarding the respective roles of gas
metering, pipeline and gas retail participants.

Gas Distribution
Contracts
Oversight
Scheme

Principles for contract arrangements between gas
distributors and retailers, including an assessment
regime by independent assessors
The Gas Distribution Contracts Oversight Scheme and
its associated contract assessments contribute to
ensuring consistent standards and protocols, and that
the terms for retailers using distribution networks are fair
and reasonable.

Requires review to determine
whether amendments are
required to cover the supply of
hydrogen and hydrogen blends.

Ensures an efficient market structure for the provision of
gas metering, pipeline and energy services.
Requires that industry contracts provide clear
information regarding the respective roles of gas
metering, pipeline and gas retail participants.
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13.10 Capacity Modelling
In this section we set out the methodology we used to assess the capacity of the transmission and
distribution networks to transport the energy required to meet the demand forecast we project in our
future energy scenario’s. To ensure we modelled the highest demand scenario we built the model using
the forecast demand, by sector detailed in our “Integrated Energy Scenario”.

13.10.1

Modelling Software

To model the capacity in the transmission and distribution networks to meet projected demand we ran
dynamic simulation using the Firstgas Synergi modelling software package.
FirstGas use a Synergi software model to assess the capacity of the transmission network against
demand forecasts. The results from the model are published annually in our Asset Management Plan
to demonstrate the network can meet forecast demand.
Synergi Gas hydraulic modelling software is the world’s leading dynamic gas modelling tool and is used
by most of the transmission and distribution network operators. It is a robust, versatile tool used to
simulate natural gas transmission, and local distribution systems. In addition to pressure and flow
calculations, Synergi Gas also has extensive gas component, gas property, and thermal tracing
features, making it ideal for modelling hydrogen networks.
To undertake the capacity modelling for hydrogen blends and 100% hydrogen we adjusted the gas
properties to simulate:
•
•

20% Hydrogen / 80% Natural Gas blend
100% Hydrogen

13.10.2

Demand Model

When the network is converted to hydrogen blends, and ultimately pure hydrogen the volumes of gas
needed to deliver the equivalent amount of energy as would be delivered through Natural Gas will
change.
To assess the capacity of the network for hydrogen blends and pure hydrogen we built a demand model
in the Synergi software for our 20% hydrogen blend and 100% hydrogen scenario’s, based on the
energy demand from our Integrated Energy Scenario detailed in section 7. This is the highest projected
demand of our three scenarios.
Energy demand varies during each day and on a seasonal basis. To ensure we model against the
highest potential demand on the gas networks we have developed our models using the projected “peak
week” demand. The “peak week” is the projected period of highest demand on the network. Our
modelling assesses the capacity of the network against projected demand at 10 minutes intervals during
the “peak week” period.
In addition to projected demand for industrial, commercial and domestic customers, currently met with
Natural Gas our Integrated Energy Scenario also reflects the additional energy demand from transport
which isn’t currently delivered through the gas network. To accommodate transport demand in our
model, and ensure the demand is allocated to the correct location on the network, we have used the
Hiringa hydrogen fuelling station locations as the demand nodes in Figure 45 and calculated the
forecast demand at each location based on the forecast from Hiringa as detailed in Table 56.
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2050

integrated and high
H2 scenarios (GWh)

Station 1

479

Station 2

1,709

Station 3

1,964

Station 4

637

Station 5

624

Station 6

281

Station 7

943

Station 8

895

Station 9

289

Station 10

1,436

Station 11

229

Station 12

402

Station 13

682

Station 14

206

Station 15

1,492

Station 16

1,552

Station 17

674

Station 18

674
Total: ~15 TWh

Figure 44: Transport demand locations

Table 56: Projected transport demand

13.10.3

Hydrogen Production and Injection

A key input in the Synergi model is the hydrogen injection points into the transmission and distribution
networks.
We have optimised the hydrogen injection in the transmission network model to identify the optimum
geographical locations for hydrogen production, aligning them where possible with forecast renewable
generation capacity. The resultant hydrogen production locations and the required production capacity
are detailed in Section 8.
In our model we have assumed that electrolysers will discharge at 80barg. 69
In modelling the distribution network, we have assumed the existing delivery points from the
transmission network will be retained.

13.10.4

Transmission Network Model

Our model dynamically assesses the gas velocity and pressures across the whole transmission
network, based on the demand forecast and Natural Gas / hydrogen injection points into the network.
The simulations were run against the projected “peak week” demand from our Integrated Energy
scenario.

69

https://www.itm-power.com/products
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The simulation assesses the capacity of the network to ensure that:
•
•
•
•

Pipeline Maximum Allowable Operating Pressure (MAOP) are not exceeded.
Gas velocity within the transmission network does not exceed acceptable levels
Gas compressors are able to operate within their declared performance envelope in respect of
speed, flow and pressure.
Transmission system extremity pressures do not reduce below agreed minimum pressures
declared nationally.

To assess the acceptable levels for gas velocity, we have used the pipeline velocity calculations
specified in ASME B31.12, as 100% of the calculated erosion velocity as the simulation “fail” criteria.
For prudence and best practice we have tried, where possible to limit gas velocity to 50% of the
calculated erosion velocity for the pipeline section.

13.10.5

Distribution Network Model

To assess the capacity of New Zealand’s distribution networks to deliver the energy required to meet
our Integrated Energy scenario we chose the Firstgas Hamilton network as a representative distribution
network. We extrapolated the results from the Hamilton network simulations to provide an estimate of
the reinforcement and network configuration modifications that would be required across the remainder
of New Zealand’s distribution networks.
The Hamilton distribution network operates a number of different pressure tiers across the network as
summarised in Table 57.
Table 57: Network pressure tiers
Pressure Tier

Operating Pressure Range (KPa)

Intermediate Pressure 20 (IP20)

1,000-2,000

Intermediate Pressure 10 (IP10)

700-1,000

Medium Pressure 7 (MP7)

420-700

Medium Pressure 4 (MP4)

210-420

Medium Pressure 2 (MP2)

110-210

Medium Pressure 1 (MP1)

7-110

Low Pressure (LP)

2 -7

Our model assesses the network capacity of each of the networks pressure tiers. The simulation
assesses the available capacity within the pressure tier to meet demand whilst maintaining the minimum
pressure level required. When the simulation criteria are met the model represents the network in green,
where the criteria are not met the model highlights the impacted pipeline sections as red.
When we ran a simulation and the criteria are not met, we then modelled changes to the network, such
as additional reinforcement pipelines or new District Regulator Stations until the simulation passed.
This provided the information we have used to assess what work is required to provide the capacity
needed for converting the distribution networks to hydrogen blends and 100% hydrogen duty.
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13.10.6

Modelling Simulations

To assess the capacity of the transmission and distribution networks to operate on hydrogen blends
and 100% hydrogen we ran the following dynamic simulations:
1.
2.
3.
4.
5.

Transmission network - 20% hydrogen blend
Transmission network - 100% hydrogen (existing pipeline MAOP)
Transmission network - 100% hydrogen (reduced MAOP)
Hamilton distribution network - 20% hydrogen blend
Hamilton distribution network - 100% hydrogen

13.10.7

Transmission network 20% hydrogen blend

The dynamic simulation demonstrated that the transmission network has sufficient capacity to deliver
the projected energy demand whilst not exceeding any of the system pressure and flow parameters.
The following graphs show the resultant modelled pressures and velocities from the Synergi model for
the various sections of transmission pipeline, based on demand for the peak week demand in our
integrated energy demand scenario:
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Figure 45: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 46: Velocity plots from dynamic modelling for 20% hydrogen blend
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Figure 47: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 48: Velocity plots from dynamic modelling for 20% hydrogen blend
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Figure 49: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 50: Velocity plots from dynamic modelling for 20% hydrogen blend
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Figure 51: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 52: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 53: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 54: Velocity plots from dynamic modelling for 20% hydrogen blend
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Figure 55: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 56: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 57: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 58: Velocity plots from dynamic modelling for 20% hydrogen blend
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Figure 59: Pressure plots from dynamic modelling for 20% hydrogen blend

165

New Zealand H2 pipeline feasibility
Technical Report

aitangirua D

ressure

ag

len e

our o ea
a

o elle

ressure

in

ee

o elle

on Sun
ressure

Series

Figure 60: Pressure plots from dynamic modelling for 20% hydrogen blend
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Figure 61: Velocity plots from dynamic modelling for 20% hydrogen blend
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13.10.8

Transmission network 100% hydrogen (existing pipeline MAOP)

The dynamic simulation demonstrated that the transmission network has sufficient capacity to deliver
the projected energy demand whilst not exceeding any of the system pressure and flow parameters.
The following graphs show the resultant modelled pressures and velocities from the Synergi model for
the various sections of transmission pipeline, based on demand for the peak week demand in our
integrated energy demand scenario:
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Figure 62: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 63: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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Figure 64: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 65: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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Figure 66: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 67: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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Figure 68: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 69: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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Figure 70: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 71: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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Figure 72: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 73: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)

172

New Zealand H2 pipeline feasibility
Technical Report

100% H2 - Maui System
Downstream of Mokau
8000

Pressure (kPag)

7000
6000
5000
4000
3000
2000

1000
0

0

24

48

72

96

120

144

168

Hour of Peak Week (Mon - Sun)
Max. Modelled Pressure

Min. Modelled Pressure

MAOP

MinOP

Figure 74: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 75: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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Figure 76: Pressure plots from dynamic modelling for 100% (full MAOP)
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Figure 77: Velocity plots from dynamic modelling for 100% hydrogen (full MAOP)
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13.10.9

Transmission network - 100% hydrogen (reduced MAOP)

The dynamic simulation demonstrated that the transmission network has sufficient capacity to deliver
the projected energy demand, whilst not exceeding any of the system pressure and flow parameters.
The following graphs show the resultant modelled pressures and velocities from the Synergi model for
the various sections of transmission pipeline, based on demand for the peak week demand in our
integrated energy demand scenario.

100% H2 - BOP System
6000

Pressure (kPag)

5000
4000
3000
2000
1000

0
0

24

48

72

96

120

144

168

Hour of Peak Week (Mon - Sun)
Max. Modelled Pressure

Min. Modelled Pressure

MAOP

MinOP

Figure 78: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 79: Velocity plots from dynamic modelling for 100% (reduced MAOP)
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Figure 80: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 81: Velocity plots from dynamic modelling for 100% (reduced MAOP)
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Figure 82: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 83: Velocity plots from dynamic modelling for 100% (reduced MAOP)
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Figure 84: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 85: Velocity plots from dynamic modelling for 100% (reduced MAOP)
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Figure 86: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 87: Velocity plots from dynamic modelling for 100% (reduced MAOP)
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Figure 88: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 89: Velocity plots from dynamic modelling for 100% (reduced MAOP)

180

New Zealand H2 pipeline feasibility
Technical Report

100% H2 - Maui System
Downstream of Mokau
4500

Pressure (kPag)

4000
3500
3000

2500
2000
1500
1000
500
0

0

24

48

72

96

120

144

168

Hour of Peak Week (Mon - Sun)
Max. Modelled Pressure

Min. Modelled Pressure

MAOP

MinOP

Figure 90: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 91: Velocity plots from dynamic modelling for 100% (reduced MAOP)

181

New Zealand H2 pipeline feasibility
Technical Report

ressure

ag

ran le R S ste

our o ea
a

o elle

ressure

in

ee

o elle

on Sun
ressure

in

Figure 92: Pressure plots from dynamic modelling for 100% (reduced MAOP)
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Figure 93: Velocity plots from dynamic modelling for 100% (reduced MAOP)
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13.10.10

Hamilton distribution network - 20% hydrogen blend

The dynamic simulation demonstrated that the Hamilton distribution network has sufficient capacity to
deliver the project energy demand, whilst maintaining the minimum pressure points across all the
network pressure tiers.
The figures below are screenshots of the outputs of the Synergi simulations for each pressure tier. The
network system represented as green show the parameters have been met.

IP Networks (IP10 Network blue)

Figure 94: IP Networks configured for 20% hydrogen blend

MP7 Network

Figure 95: MP7 Network configured for 20% hydrogen blend
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MP4 Network

Figure 96: MP4 Network configured for 20% hydrogen blend

MP2 Network

Figure 97: MP2 Network configured for 20% hydrogen blend

184

New Zealand H2 pipeline feasibility
Technical Report

MP1 Network

Figure 98: MP1 Network configured for 20% hydrogen blend

LP Network

Figure 99: LP Network configured for 20% hydrogen blend
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13.10.11

Hamilton distribution network - 100% hydrogen

The dynamic simulation for the 100% hydrogen network identified that parts of the distribution network
required reinforcement to transport the energy required to meet our demand model.
The figures below show screenshots of the outputs of the simulations for each pressure tier. The
pipelines depicted in red in the simulations have dropped below the minimum pressure for the network
pressure tier, and therefore the simulation failed.
Where a pressure tier failed the initial simulation, we have identified a solution, as reinforcement to
provide the additional capacity required and rerun the simulation.

IP20 Network

Figure 100: Network failed simulation
To resolve the capacity in the IP pressure tier the following reconfiguration are required:
Conversion of post 1980’s IP10 piping to IP20:
•
•
•
•

Te Rapa Rd
Wairere Dr
Graham St & SH1
Upgrade Te Kowhai Delivery Point to IP20

Reinforcement of the IP networks by additional supply from the Transmission Network at the existing
Delivery Points at:
•
•

Matangi
Horotiu
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Network Reinforcement:
•
•
•
•
•
•

Replacement of 1395 m of 100NB steel pre-1980 IP10 with IP20 100NB steel piping to extend the
IP20 pressure tier
Replacement of a 150 NB IP 10 with new 150NB steel piping in IP20
Reinforcement of IP20 pressure tier - 13,424m of 100mm steel pipeline
New IP20 connections to the existing Delivery Points at:
Matangi - 6,614 m of reinforcement pipeline
Horotiu - 8,230 m of reinforcement pipeline

Figure 101: IP Network reconfigured with additional connections to transmission network and
pipeline reinforcement
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MP7 Network
The initial simulation showed the network failed due to the pressure in the network falling below the
minimum threshold of 420KPa in the southern section of the pressure tier, as shown below.

Figure 102: MP7 network failed simulation

To resolve the pressure drop in the pressure tier we have modelled two additional District Regulator
Stations, as denoted in the screenshot below. The rerun simulation shows the pressure drop resolved.

Figure 103: MP7 network with addition DRS locations, pressure drop resolved

188

New Zealand H2 pipeline feasibility
Technical Report

MP4 Network
The initial simulation showed the network failed due to the pressure in the network falling below the
minimum threshold of 210KPa across various sections of the pressure tier, as shown in the figure below

Figure 104: MP4 simulation showing the network failure
To resolve the pressure drop we modelled additional network reinforcement pipelines, totalling 2,209m,
and the construction of 5 District Regulator Stations, as denoted below. The figure shows the rerun of
the simulation showing the pressure drop resolved.

Figure 105: MP4 network showing network reinforcement and pressure drop resolved
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MP2 Network
The simulation showed the MP2 network has sufficient capacity for the 100% hydrogen demand
scenario. The figure shows the successful simulation result.

Figure 106: MP2 network simulation

MP1 Network
The simulation showed the MP1 network has sufficient capacity for the 100% hydrogen demand
scenario. The figure shows the successful simulation result.

Figure 107: MP1 network simulation
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LP Network
The initial simulation showed the network failed due to the pressure in the network falling below the
minimum threshold of 2KPa across various sections of the pressure tier, as shown in the figure below.

Figure 108: LP network simulation showing network failure
To resolve the pressure drop we modelled increasing the DRS pressure set points from 5KPa to 6KPa,
with additional connections from the MP4 network and 2 District Regulator Stations, as denoted below.
The figure below shows the rerun of the simulation showing the pressure drop resolved.

Figure 109: LP network showing pressure drop resolved
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13.11 Network Conversion
Converting an existing gas network from one type of gas to another is not a new challenge and has
been done previously. Over a ten-year period in the 1960’s and 70’s, following the discovery of North
Sea natural gas the UK’s transmission and distribution networks were converted from towns gas 70, to
natural gas.
The conversion entailed the coordination and conversion of 14 million industrial and domestic
customers, with modification to over 40 million industrial combustion equipment and domestic
appliances71.

13.11.1

Industrial Customers

Industrial customers use equipment, such as large boilers, combined heat & power plant (CHP) and
process burners.
Current global research is assessing the suitability of existing industrial combustion equipment to
operate safely with a blend of hydrogen and natural gas, as detailed in section 11. It is envisaged that
most of the industrial equipment will operate satisfactorily with blends of up to 20% hydrogen.
Conversion to pure hydrogen will necessitate replacement / major modification to existing industrial
combustion equipment. Industrial manufacturers are developing product ranges for “hydrogen ready”
boilers and CHP plants, that can be switched for natural gas to hydrogen with minor on-site retrofit.

Figure 110: Bosch universal steam boiler

70
71

Towns gas (sometimes referred to as coal gas) is the term used for gas manufactured from coal
Reference Charles Elliotts “The history of natural gas conversion in Great Britain”
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Figure 111: 2G Energy's agenitor engine CHP operates on natural gas, hydrogen blends (up to
40%) and can convert to pure hydrogen with on-site retrofit

13.11.2

Power Generation

International equipment manufacturers are developing gas turbines, suitable for operating with
hydrogen.
The HYFlexPower project in Europe will develop the Siemens SGT-400 turbine to operate on pure
hydrogen to demonstrate zero emissions power generation for hydrogen.

Figure 112: HyFlex Project overview
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13.11.3

Domestic Customers

Domestic customers make up the largest number of meter points, but only account for 4% of overall
gas consumption. Domestic appliances are a mixture of domestic boilers, water heaters, cookers, and
gas fires.
Numerous research and demonstration projects are currently underway, in collaboration with appliance
manufacturers to develop a range of commercially available “hydrogen ready” domestic appliances.
Hydrogen ready appliances will be suitable for operation on natural gas and require minimal
modification to switch to pure hydrogen.
The diagram below demonstrates the key challenges for hydrogen boilers, and how manufacturers are
addressing the issues.

Figure 113: Hydrogen ready boiler configuration
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13.11.4

Conversion Strategy

Section 9 illustrates how New Zealand’s gas networks could be converted from natural gas to a blend
of natural gas / hydrogen (up to 20% volume), and ultimately pure hydrogen.
The initial conversion of the network to a hydrogen blend would have minimal impact on consumers, as
it is envisaged that existing appliances will operate with blends up to 20% without the need for
modification.
Section 11 details the global research and demonstration projects that are assessing the impact of
hydrogen blends on network components and will inform the modifications required to the transmission
and distribution networks to allow the introduction of hydrogen blends and pure hydrogen. Network
modifications should be planned and implemented in advance of sectional conversion wherever
possible to minimise the timescale for conversion. Sections of the transmission network converted to
hydrogen would be isolated from sections retained on natural gas with double block and bleed isolation
arrangements.
When sections of the transmission network are systematically converted to pure hydrogen, all customer
appliances connected to the converted network will need to be replaced with hydrogen appliances or
converted to hydrogen operation. This will require extensive consultation with customers to a coordinate
the switch of appliances from natural gas to hydrogen.
Sections of the transmission network will be converted between existing line valves (as depicted in the
figure below), with hydrogen fed in from the extremities of the section until the entire section has been
converted.

Hydrogen
Production &
Injection

Line
Valves
Figure 114: Line valve locations in Gisbourne to Kawerau compressor station

A detailed conversion strategy will need to be developed for each conversion section. This will entail
extensive customer consultation to coordinate switching of appliances, safety checks and purge and
relights.
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Where a delivery point feeds a distribution network, a conversion strategy will need to be developed for
each network. The configuration of delivery points to distribution networks varies and this will dictate
how the conversion strategy for the network will be developed. The diagrams below illustrate the
conversion strategy for a distribution network supplied from a single delivery point.

Delivery
Point

Figure 115: Network supplied from single delivery point prior to conversion to 100% hydrogen.

Delivery
Point

Figure 116: Network supplied from single delivery point following to conversion to 100%
hydrogen.
Where a network is currently fed from a single delivery points, the whole network will need to be
converted to hydrogen in a single phase. Customers will be “off-gas” while the conversion takes place,
and the appliances connected to the network are switched to hydrogen operation. The timescale for the
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conversion will be dictated by the volume of customers connected to the network, and the size of the
workforce deployed to undertake the appliance conversions.
For larger distribution networks with a large volume of connected customers we recommend
consideration is given to installing additional delivery points ahead of the planned conversion to allow
the network to be sectioned to minimise the time customers without a supply.
Where a distribution network has multiple delivery points a conversion strategy can be developed to
section the network to minimise disruption to consumers. The diagram below illustrates how a
distribution network could be sectioned into zones for conversion.

Figure 117: Illustration of conversion zones within a distribution network
Individual zones would be determined by the configuration of the network, and the volume and mix of
connected customers. Dependent upon the configuration of the network within each zone, and the
location of valve isolations it may be possible to further sub-divide each zone to reduce the time
customers are “off-gas” during the conversion process.
The diagram below illustrates how a distribution network could be converted, zone by zone.
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Zone B

Zone C

Zone D

Zone A

Figure 118: Conversion Zones

Figure 119: Network prior to conversion

Figure 120: Zone A converted to hydrogen
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Figure 121: Zone B converted to hydrogen

Figure 122: Zone C converted to hydrogen

Figure 123: Zone D converted to hydrogen
199

New Zealand H2 pipeline feasibility
Technical Report

13.12 Test facility conceptual layouts
Distribution Network Test Facility - Conceptual Layout

Vent

Vent

Component Test area

Hydrogen Bottle
Bank / Electrolyser

Natural Gas Supply

Grid Entry Unit

Emergency
Shut Off
Valve

Blending Loop

(5% - 100%)

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

Pressure
Reduction

DB&B
Isolation
and vent

DB&B
Isolation
and vent

ReCompression

Figure 124: Distribution Network Test Facility – Conceptual Layout Arrangement
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Live-Grid Distribution Network Trial Conceptual Arrangement

Blending Compound

Grid / Renewables
Power Supply

HV Transformer /
Power Distribution

Water Supply

Electrolyser

H2 Storage
(100% H2

Trials)

Distribution Network

Vent

Cooling Fans
Vent

Incoming Natural
Gas Supply

Grid Entry Unit

Emergency
Isolation
Valve

Blending Loop

Figure 125: Live Network Trial – Conceptual Layout Arrangement
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Transmission Test Facility Conceptual Arrangement
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Figure 126: Transmission Network Test Facility – Conceptual Layout Arrangement
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