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Executive Summary 

We support the proposed 

emissions reductions in the 

heat, industry and power 

sector… 

He Pou a Rangi / the Climate Change Commission (the Commission) has released draft 

carbon budgets for New Zealand to 2035. These draft carbon budgets require emissions 

in the heat, industry and power sectors to reduce by around 45% from current levels over 

the next 15 years. While those emissions reductions are ambitious, they are also 

necessary – and we believe that the sector has the capability to deliver the planned 

emissions reductions.  

… although the 

Commission’s draft advice 

discounts options that are 

technically viable today and 

will become economic 

before 2035 

To reduce emissions, we need to rule options in, not out. The Commission recognises 

the importance of keeping options open through guiding principle 3 in its draft advice. 

However, the Commission’s draft recommendation to ban new gas connections and 

require gas appliances to be replaced at the end of their life works against this principle. 

Gas networks and appliances can be fuelled with zero carbon gases like biogas, 

hydrogen and bio-LPG, which will be deployed in New Zealand before 2035.   

Integrating zero carbon gas 

into the energy mix 

improves resilience, 

affordability and promotes 

consumer choice 

There are wide-reaching benefits of retaining a vibrant gas industry to deliver zero carbon 

gas. It increases resilience, enhances reliability, and helps to manage risks around 

energy affordability – particularly if capacity constraints emerge in electricity networks, 

generation sources, and contractor skills. This is reflected in the public response to the 

proposal of banning gas connections and appliances, which intersects with the choices 

that more than 480,000 households and businesses across New Zealand have made to 

have gas appliances as part of their lives and livelihoods. While behavioural change will 

be required for New Zealand to meet its emissions reduction plan, we are concerned that 

unnecessarily restricting choices will undermine public support for the overall 

programme. 

Gas also preserves options 

for deeper decarbonisation, 

particularly using hydrogen 

The Commission models ongoing (albeit reduced) gas usage in some applications 

beyond 2050, specifically for peaking electricity generation and high-temperature 

process heat. We agree that these hard-to-abate energy needs will require solutions 

other than electricity, and that gas will continue to be a cost-effective solution. This 

provides further opportunities for zero carbon gas, particularly hydrogen. Since the 

infrastructure needed to transport gas to remaining users will still be required, the best 

path to net zero will see gas infrastructure used as broadly as possible to decarbonise 

energy needs. 

The Commission’s policy 

recommendation (Necessary 

Action 9c) needs to be 

recast to retain the option of 

zero carbon gas while 

driving lower emissions 

Due to the unintended impacts of the proposed gas ban, we urge the Commission to look 

for policy solutions that facilitate the decarbonisation of gas networks and appliances – 

rather than forcing these energy uses to be supplied by electricity and/or biomass. We 

have identified at least three policy interventions that evaluate better against the 

Commission’s own guiding principles than a gas ban. A full evaluation against the 

Commission’s guiding principles is included in the body of this submission. Our preferred 

policy response is described on the following page - setting an obligation for a growing 

proportion of gas used for building heat to come from renewable (non-fossil fuel) sources.  
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Climate Change Commission draft advice  
Necessary Action 9c: Gas Ban 

Proposed alternative recommendation: 
Renewable Gas Obligation 

Set a date by when no new natural gas connections are 
permitted, and where feasible, all new or replacement 
heating systems installed are electric or bioenergy. This 
should be no later than 2025 and earlier if possible 

Set an obligation for a proportion of gas used in building 
heating to come from renewable (non-fossil fuel) 
sources. This obligation should be sufficient to supply 
new building heat added to gas networks from 2025 and 
should increase over time 

  

 High certainty of CO2 reductions   High certainty of CO2 reductions 

 Avoids risk of new buildings installing heating 
systems that must be replaced within useful life 

 Risks new building systems having to convert to 
another fuel if renewable gas is not available (i.e., 
requires real progress on zero carbon gas) 

 Closes off options to reduce emissions using 
gas appliances (biogas, hydrogen, bio-LPG) 

 Preserves options to decarbonise heat using gas 
appliances (biogas, hydrogen, bio-LPG), including 
the potential to ‘go further’ with these fuels 

 
Decreases energy system resilience through 
over-reliance on electricity networks, which 
may be costly and difficult to substantially 
upgrade  

 Provides diversity in energy distribution channels, 
creating resilience during external events (e.g., 
earthquakes) 

 Likely to increase delivered price of gas and 
electricity due to network economics  

 Risks increasing delivered price of gas by requiring 
supply of potentially less economic alternatives  

 Strands existing assets in gas networks and 
household plumbing systems that can be 
repurposed 

 Preserves value in existing gas networks and 
household plumbing systems 

 Risks losing public commitment to reduce 
emissions due to the absence of comparable 
substitutes for gas appliances 

 Preserves public commitment to decarbonisation by 
enabling consumer choice of appliances 

 Closes off options for a just transition based on 
zero carbon gas (biogas, hydrogen, bio-LPG) 

 Retains a viable gas industry to service needs of 
‘hard to abate’ emissions (electricity, process heat) 
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1. Introduction 

This submission is Firstgas Group’s response to the Climate Change Commission draft advice released on 

31 January 2021. Our submission focuses on the areas where our assets and capabilities can make the most 

significant contribution to decarbonising New Zealand’s energy system. This section provides an overview of 

Firstgas Group – the businesses we own, the investments we are making, and the industry associations we support. 

This provides context for our submission on how existing and future gas-based fuels can contribute to New 

Zealand’s emissions reduction plans. 

Attached to this submission are three supporting pieces of evidence that we believe should be factored into the 

Commission’s final advice: 

• Attachment 1: Beca Biogas Technical Memorandum. This report assesses possible feedstocks for 

biogas production for the displacement of natural gas and identifies potential for 18 PJ of organic waste 

for this purpose (more than the total natural gas and LPG currently used for building heat). 

• Attachment 2: Firstgas Hydrogen Pipeline Study (Summary Report). This report summarises a 

detailed assessment of the capability of New Zealand’s gas pipeline networks to transport green hydrogen.  

It provides a plan to blend up to 20% hydrogen alongside natural gas by 2035, with a conversion to 100% 

hydrogen by 2050. 

• Attachment 3: Oakley Greenwood Response to Climate Change Commission’s Advice. This report 

evaluates Necessary Action 9c against other possible policy interventions that the Commission could 

recommend, considering the technical options provided by zero carbon gases like biogas, hydrogen and 

bio-LPG. 

We also provide responses to selected consultation questions posed by the Commission in Attachment 4. 

1.1. Overview of Firstgas Group and our industry associations 

Firstgas Group has four distinct businesses that can contribute to the decarbonisation of New Zealand’s energy 

system: 

Gas pipelines. Firstgas Group owns and operates the 

high-pressure gas transmission system that transports 

natural gas from Taranaki throughout the North Island. We 

also own and operate the low-pressure distribution 

networks in Northland, Waikato, Bay of Plenty, the Central 

Plateau, Gisborne and Kapiti Coast. Gas pipelines provide 

a critical energy distribution channel that connect more than 

300,000 industrial, commercial and residential energy 

users. Our assets are regulated by the Commerce 

Commission and have a regulated value of around $1 

billion. They are well-suited to transporting a range of 

different fuels (natural gas, biomethane, renewable 

methane, hydrogen). 
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LPG. Firstgas Group owns Rockgas, New Zealand’s 

largest LPG retailer. Rockgas supplies LPG to more than 

120,000 homes and businesses nationwide. Our Rockgas 

business includes a network of franchise operators 

throughout the country.  We support the points raised in 

their submission. 

 

Underground gas storage. Firstgas Group owns and 

operates the Ahuroa gas storage facility in Taranaki. This is 

New Zealand’s only underground gas storage facility and 

provides an important source of flexibility for the electricity 

system, allowing generators to access fuel during peak 

periods and when other sources of fuel (such as hydro and 

wind) are not available. Energy storage like Ahuroa will 

have an increasingly valuable role in supporting New 

Zealand’s highly renewable electricity grid. 

 

Gas asset operation and maintenance. Firstgas Group 

directly employs more than 350 staff, including highly 

skilled technical specialists in working with gas at high 

pressures. Our engineering and technical expertise 

supports energy users throughout New Zealand that rely on 

natural gas and LPG today, while also enabling us to 

investigate new zero carbon gas solutions (biomethane, 

renewable methane, hydrogen). 

 

Firstgas Group is a member of several industry associations that will also be making submissions on the 

Commission’s draft advice. Our support for these associations highlights the breadth of our commercial interests 

and the range of options that New Zealand has in the energy transition.  

• Climate Leaders Coalition (CLC). We joined the CLC in 2019 and support its mission. As part of our 

commitments to leading on emissions reductions, we have publicly committed to reducing our own 

emissions by 30% by 2030. As an energy supplier, we strongly believe that we have a role to play in 

addressing climate change and showing leadership in reducing emissions. 

• Business Energy Council (BEC). BEC brings together a wide range of public and private sector 

stakeholders to discuss energy sector issues. We actively contributed to the recent BEC2060 scenario 

modelling work, which provides a valuable resource to understand possible future energy sector futures. 

We have also signed onto the World Energy Council’s Global Hydrogen Initiative, which enables us to 

track international progress with integrating hydrogen into gas infrastructure. 

• Hydrogen Council. Our membership of this association reflects the importance of gas pipelines to the 

development of a hydrogen industry in New Zealand. The Hydrogen Council provides important links into 

international developments in hydrogen technologies and applications, which is valuable given the billions 

of dollars of global research and development currently underway in this area. 
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• Bioenergy Association. There is widespread recognition that the use of bioenergy is under-developed in 

New Zealand, particularly given the importance of primary production to our economy. We are particularly 

interested in scaling up the use of biogas by providing access to more than 300,000 gas consumers via 

existing gas pipeline networks. Opportunities to use gas pipelines as part of the circular economy are 

already being taken overseas and will be important in New Zealand’s future energy mix.  

• Australian Pipelines and Gas Association (APGA). We joined the APGA to ensure that New Zealand 

had access to the same levels of technical gas industry knowledge and expertise as in Australia, which 

has a much larger gas industry. In recent years, the focus of much of our work with the APGA has been 

on hydrogen and biogas through APGA’s participation in the Future Fuels Cooperative Research Centre 

(CRC). Developments in zero carbon gas in Australia are moving apace, with several hydrogen and biogas 

projects already on-line. 

• Gas Association of New Zealand (GANZ). GANZ represents natural gas distribution businesses and 

appliance retailers. As an organisation focused on the distribution and use of natural gas, GANZ has 

dedicated much of its work on industry skills development and training, while closely monitoring 

developments in biogas and hydrogen and how these impact on the industry here in New Zealand. 

• LPG Association (LPGA). The LPGA has a broad membership that covers LPG suppliers, wholesalers, 

retailers, and gas appliance businesses. LPGA is a member of the World LPGA, which provides access 

to international experience across a range of topics, including the introduction of bio-LPG and other low 

carbon substitutes alongside LPG.  

We have reviewed the submissions prepared by these organisations and support the points made in their 

submissions. A key theme in all of the submissions is that New Zealand’s best path forward to decarbonise will 

retain multiple energy distribution channels—which all need to reduce emissions to achieve our national targets. 

Favouring one low-carbon solution at the expense of others is premature and will limit future options. 

1.2. Contact details 

We welcome further engagement with the Commission on any of the points raised in this submission. For further 

information please contact Ben Gerritsen, General Manager Customer and Regulatory, +6421911946, 

ben.gerritsen@firstgasgroup.co.nz  
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2. How Gas Networks Can Support the Carbon Budgets: Biogas, Hydrogen and 

Bio-LPG 

One of the options available to decarbonise New Zealand’s energy system is to use existing gas infrastructure and 

networks to transport zero carbon gas. The most promising options for decarbonising gas infrastructure are to 

incorporate biogas and hydrogen into natural gas systems and to incorporate bio-LPG and biomass derived 

dimethyl ether (bio-DME) into LPG systems. Over the past few years, Firstgas Group has been advancing 

commercial and R&D opportunities for these gases. We believe that these opportunities are profoundly consistent 

with the Commission’s guiding principle of keeping options open – New Zealand will need all possible tools, 

including zero carbon gas, to achieve net zero by 2050. 

We can appreciate that the broad scope of the Commission’s work makes it challenging to integrate all the available 

information and most up-to-date evidence in all aspects of its advice. We see this challenge as being particularly 

acute in areas such as hydrogen, biogas and bio-LPG, where the opportunities and limitations of these fuels in New 

Zealand are not well-understood and the global landscape is changing fast. This is especially true for hydrogen, 

where billions of dollars of global R&D are accelerating progress at a rate that was inconceivable only a short time 

ago. This section of our submission summarises the opportunities we are investing in to make these options a 

reality for New Zealand. 

2.1. Biogas is technically and economically viable today  

Biogas (when purified to be biomethane) has the same chemical composition as natural gas. This means that no 

change is required to existing gas infrastructure or gas appliances when biogas is introduced into natural gas 

systems.  

The Commission’s draft advice refers to biogas in two places: biogas capture systems already established at 

several municipal landfills and the biogas facility being built by Ecogas at Reporoa. However, the draft carbon 

budgets do not appear to factor in any substitution of natural gas for biogas. We consider that this is a significant 

missed opportunity for decarbonisation – with market changes in the waste sector and the natural gas sector 

combining to make biogas an attractive prospect in the years ahead. 

What is the opportunity for New Zealand? 

Together with Fonterra, Beca and EECA, late last year we announced a study into the potential for biogas to 

displace natural gas in New Zealand.1 This work will help to better understand the realistic potential for biogas in 

New Zealand, given the availability of organic waste feedstocks. While the full study report from that work will not 

be available for some months, we asked Beca to provide an overview of the technological maturity of biogas and 

biomethane, international experience to date, and how this sector could develop further in New Zealand 

(Attachment 1).  

The key findings of the work completed by Beca are that: 

1. The technology is mature and consists of two main components: 

• Anaerobic digestion to rapidly decompose organic waste to release biogas and produce digestate 

• Processing biogas to biomethane by removing CO2 and any impurities from the raw biogas. 

 
1 https://www.stuff.co.nz/environment/climate-news/300187736/biogas-could-help-reduce-new-zealands-emissions--study  
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2. Biogas already displaces natural gas around the world, particularly in Europe. Denmark has already scaled 

up its biogas industry and now has 20% of gas supply coming in the form of biogas.2 

3. New Zealand has available organic waste feedstocks that could displace 18 PJ of natural gas usage per 

year. Table 5 - 7 of the Beca report is reproduced below, providing a breakdown of the source of these 

organic waste feedstocks to create biogas.  

Figure 1: Estimated biomethane potential in New Zealand 

 

Why haven’t more biogas projects been implemented to date in New Zealand? 

There are two reasons that biogas projects to displace natural gas have not been economic in New Zealand, both 

of which are changing: 

• The low cost of other waste disposal options. The producers of organic wastes (such as wastewater, 

dairy process waste, meat process waste, and dairy effluent) have historically been able to dispose waste 

through lower cost alternatives than anaerobic digestion. These options include disposal to landfill and 

spreading waste onto land. Large increases in the Waste Minimisation Levy from 1 July 2021 are expected 

to dramatically improve the economics of anaerobic digestion in New Zealand. The levy is set to increase 

from a current rate of $10 per tonne to $60 per tonne in 2024.3 There is also a growing appreciation that 

waste producers need to make responsible choices when disposing of waste to maintain social licence to 

operate. 

• The low price of natural gas and unknown price premium for renewable gas. New Zealand has 

historically enjoyed relatively low-priced natural gas. Wholesale gas costs over the past decade have 

averaged $7/GJ (in real 2019 prices).4 However, as the Commission notes, natural gas prices will continue 

to rise in future years as carbon prices rise. Currently, carbon prices add around $2/GJ to the wholesale 

price of natural gas. A carbon price that is three times higher would add $6/GJ to the wholesale price of 

natural gas. There has also not been a reliable mechanism for capturing any premium that energy 

consumers are willing to pay for zero carbon gas such as biogas. As we discuss later in this submission, 

this is expected to change with the introduction of certified renewable gas. 

 
2 https://biogasclean.com/biogas/  
3 About the waste disposal levy | Ministry for the Environment (mfe.govt.nz)  
4 https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-statistics-and-modelling/energy-

statistics/energy-prices/  
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These market changes are having a real impact on the appetite for investment in biogas. The Ecogas project at 

Reporoa will produce biogas from Auckland’s municipal food waste, rather than disposing of this waste at landfills. 

We are aware of several other projects that are at pre-feasibility stages that would significantly increase New 

Zealand’s use of biogas and reduce emissions from the use of natural gas. 

2.2. Hydrogen provides a valuable option for New Zealand’s long-term energy transition  

There is immense international interest in realising the potential of hydrogen in energy systems. 30 countries have 

a national hydrogen strategy in place and $70 billion of funding has been committed globally to 228 projects. This 

international interest is expected to bring the costs of critical hydrogen equipment (such as electrolysers) down, 

while also leading to improvements in the hydrogen production process (for example by improving conversion 

efficiencies from electricity and water to hydrogen). A good summary of the state of play is available in the IRENA 

report entitled “Green Hydrogen Cost Reduction”, which finds that a combination of cost reductions in electricity 

and electrolysers, combined with increased efficiency and operating lifetime, can deliver 80% reduction in hydrogen 

cost.5 

What is the opportunity for New Zealand? 

While biogas technologies and supply sources are available today, the Commission’s draft advice rightly concludes 

that hydrogen is likely to take longer to make an impact on New Zealand’s overall emissions profile. However, the 

real advantages that hydrogen brings for New Zealand are that it is scalable (to the full extent of New Zealand’s 

renewable resources) and that it holds the potential to simultaneously solve several intractable problems facing 

energy system decarbonisation. The likely sources of hydrogen demand in New Zealand are shown in the figure 

below. 

Figure 2: Sources of hydrogen demand in New Zealand 

 

Hydrogen also has the potential to be imported and exported. Import options could be valuable in supplementing 

our domestic energy resources when required (for example during prolonged dry periods). Export options could be 

valuable in supporting new jobs in New Zealand and taking full advantage of New Zealand’s renewable energy 

potential in locations with higher energy prices and fewer renewable resources. 

 
5 https://irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf  
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How can we keep the option of hydrogen open for New Zealand? 

The energy system advantages and international progress on hydrogen mean that of all the future energy sector 

developments, hydrogen is perhaps the most exciting. This was recently reinforced by Lord Deben (Head of the UK 

Climate Change Committee) who expressed the view that New Zealand is ideally placed to lead the world on 

hydrogen deployment. So how do we keep the hydrogen option open for New Zealand? 

Gas networks are a critical enabler of the hydrogen economy. Without pipeline infrastructure, hydrogen would need 

to be transported at much higher cost and would be unable to economically reach the majority of customers. We 

have completed significant work exploring the future role that gas pipelines play in enabling the hydrogen economy 

in New Zealand. With partial government support managed by the Provincial Development Unit, we engaged 

consultants to assess how hydrogen might be used in New Zealand’s energy system and evaluate what Firstgas 

and other stakeholders will need to do to be ready for hydrogen to play such a role. This evidence was not available 

for the Commission’s draft advice – but we are pleased to be able to share the findings with the Commission for its 

final advice (see Attachment 2 of this submission). 

The key messages from our hydrogen pipeline study are that: 

• New Zealand’s gas transmission and distribution networks are well-configured to deliver future hydrogen 

supply to meet demand. Network capacities are sufficient to transport hydrogen efficiently, notwithstanding 

hydrogen’s lower energy value when compared with natural gas. 

• The pipeline expenditure required to accommodate hydrogen is consistent with normal levels of renewal 

and replacement costs. Gas distribution networks are predominantly comprised of polyethylene (PE) 

pipes, which is the preferred material for transporting hydrogen (i.e., new dedicated hydrogen pipelines 

use PE pipes). While some distribution system equipment (such as valves) will need to be replaced, current 

pipeline tariffs should be sufficient to fund this expenditure. Required expenditure on the transmission 

system will depend on the findings of research currently underway into hydrogen embrittlement of high-

grade steels (which make up around one third of the transmission system in New Zealand). 

• There is a series of physical trials and demonstrations to understand the nuances of hydrogen blending 

alongside natural gas, followed by complete conversion to hydrogen. We now have a detailed work 

programme to guide us through the 2020s to prepare for the introduction of hydrogen. 

The main results of the hydrogen pipeline study in terms of energy delivery are shown below. The left-hand graph 

shows how electrolysers located at existing compression stations in Rotowaro, Pokuru, and Kapuni could produce 

enough hydrogen to reach a 20% blend alongside natural gas by 2035. The right-hand graph shows how a full 

conversion of pipeline gas could be supplied in 2050 via a network of electrolysers located across the North Island. 

This map also plots a network of 18 hydrogen refuelling stations across the North Island used to decarbonise heavy 

transport (all located close to the existing gas network). 
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Figure 3: Maps showing blending and conversion of North Island gas networks to hydrogen 

  

Blending 20% hydrogen into non-Maui gas 

transmission by 2035 

Conversion to 100% by 2050, with 

distributed network of electrolysers across 

the gas transmission network 

 

2.3. Bio-LPG can be rapidly deployed in New Zealand to decarbonise  

Bio-LPG is similar to biogas in terms of its technical readiness and ability to play a role immediately. Many countries 

in Europe already have sources of bio-LPG in their energy mix and no changes to consumer appliances are required 

because bio-LPG is chemically equivalent to conventional LPG. 

A key difference is that the production of bio-LPG mostly comes from bio-refineries, rather than anaerobic digestion. 

In this way, the domestic production of bio-LPG in New Zealand can leverage off the development of a domestic 

biofuels industry (with bio-LPG forming part of the output product mix). We understand that the biodiesel plant at 

Wiri (and similar future biodiesel plants in New Zealand) could be configured to produce bio-LPG, which would 

support the development of those facilities – assisting in the decarbonisation of transport (via renewable diesel) and 

building energy (via bio-LPG). 

The LPGA commissioned Worley to provide a technical view of the pathways to bio-LPG for New Zealand. This 

report concludes that available pathways could supply around 30% of LPG demand by 2035 – resulting in emissions 

reductions that are consistent with the Commission’s carbon budgets. Since bio-LPG could also be imported, there 

are existing supply chains to accept fuels and integrate them alongside domestic production if required. This 

provides additional assurance that supply can be brought to market as needed. The estimated supply of LPG in the 
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Worley report is shown in the graph below – with the green areas provided via renewable LPG (rLPG) pathways. 

The emissions reductions achieved are significant, lowering emissions from around 600,000 tCO2 per year today 

to 300,000 tCO2 per year in 2035. 

Figure 4: Estimated LPG supply from bio-LPG in New Zealand 
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3. Why the Option of Continuing to Use Gas Infrastructure is Valuable 

 

Together with other gas infrastructure owners Vector and Powerco, we engaged consultants Oakley Greenwood to 

assess the value of continuing to use gas infrastructure as New Zealand transitions to net zero by 2050. The Oakley 

Greenwood report is provided as Attachment 3. This work follows earlier work by Vivid Economics, which found 

that retaining gas infrastructure in a net zero future in New Zealand would help to lower costs and increase options 

for decarbonisation.6 

This section summarises some of the key findings of Oakley Greenwood’s work – demonstrating the value that 

comes from continuing to have a vibrant, multi-user gas industry. Conversely, the work highlights the risks and 

costs of failing to preserve a viable gas industry by restricting the opportunities for gas to contribute to a 

decarbonised energy system. 

3.1. Making emissions reductions more affordable 

The Oakley Greenwood report (Attachment 3) contains analysis that compares the costs of decarbonising current 

natural gas demand using biogas, hydrogen, renewable methane,7 and electricity. A summary of this analysis is 

presented in the following table.  

This shows that households and businesses would be better off with gas appliances (rather than electricity) at a 

biogas cost of $12/GJ. For hydrogen, those households that need to spend more than $344 replumbing their houses 

would be better off using hydrogen (if hydrogen production costs fall to $2/kg). Households that need to spend more 

than $1,447 replumbing their houses would be better off using renewable methane. As we mention below, we 

expect the per-household costs of replumbing houses that currently use gas will be around $3,000 to $4,000 (on 

average) – so all three of these zero carbon fuels can compete against electricity on cost. The analysis provides 

even more favourable results for retaining gas as an option for commercial energy users. Biogas would reduce 

costs by more than $22,000 and hydrogen by more than $7,000 when compared with the cost of using electricity 

at $65/MWh.  

Table 1: Comparison of total costs of biogas, hydrogen and renewable methane compared with electricity 

 Residential Gas Usage Commercial Gas Usage 

 Daily 

Volume 

Required 

Increase in 

Fuel Cost Per 

Customer* 

Breakeven 

Cost for 

Electric 

Appliances / 

Replumbing 

Daily 

Volume 

Required 

Increase in 

Fuel Cost 

Per 

Customer* 

Breakeven 

Cost for 

Electric 

Appliances / 

Replumbing 

Biogas 

($12/GJ) 

18,855 GJ $75 -$312 21,184 GJ -$22 -$22,334 

Hydrogen 

($2/kg) 

132,780 kg $128 344 149,180 kg $1,200 -$7,105 

 
6 https://firstgas.co.nz/news/gas-infrastructure-futures-in-a-net-zero-new-zealand/  
7 Renewable methane is sometimes referred to as synthetic natural gas, and is created using a process known as methanation 
that combines hydrogen (H2) and carbon dioxide (CO2) to create methane (CH4) 
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 Residential Gas Usage Commercial Gas Usage 

 Daily 

Volume 

Required 

Increase in 

Fuel Cost Per 

Customer* 

Breakeven 

Cost for 

Electric 

Appliances / 

Replumbing 

Daily 

Volume 

Required 

Increase in 

Fuel Cost 

Per 

Customer* 

Breakeven 

Cost for 

Electric 

Appliances / 

Replumbing 

Renewable 

methane  

($17.60/GJ) 

18,855 GJ $216 1,447 21,184 GJ $3,258 $18,544 

*Compared with the costs of using electricity at $65/MWh 

 

3.2. Funding for gas networks relies on a range of different consumers  

The Commission’s draft advice recognises the continued need for gas in particular segments of the New Zealand 

energy system. Specifically, the Commission highlights the likely need for continued gas peaking to support the 

electricity system and the continued need for gas in high-temperature process heat applications. While these uses 

are expected to consume much less gas (24 PJ in 2050 compared with 89 PJ in the policy reference case), the 

uses are still significant enough and sufficiently dispersed to require gas networks to deliver their energy. 

However, the current funding of gas and LPG networks relies heavily on customers from outside the segments 

highlighted by the Commission for ongoing gas usage. As Figure 22 from the Oakley Greenwood report shows, 

while most of the volume of gas consumed from gas networks comes from industrial users, around 85% of the 

revenue comes from residential and commercial gas users. 

Figure 5: Revenue earned by gas distributors in New Zealand by customer type 

 

The Oakley Greenwood reports highlights how much industrial gas prices would need to rise to meet two financial 

conditions for ongoing network support – recovery of operating expenditure and full cost recovery. Across the three 

gas distribution networks (Vector, Powerco and Firstgas), this suggests that pipeline tariffs for remaining users 

would need to increase by between 2x and 5x to cover operating expenditure. If there was a need to retain existing 
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revenues (to fund consistent levels of ongoing maintenance), then tariffs would need to increase by between 5x 

and 12x current levels. These tariff increases exclude gas transmission tariffs – which would also need to rise 

(although by a smaller amount) to fill the revenue gap left if we no longer transport gas supplied to residential and 

commercial gas users. 

For gas networks to remain a viable option for decarbonisation, there is a strong imperative to retain this funding 

for network investment. This investment funds renewals and replacement, which are critical to maintaining network 

integrity and safety, as well as business support and growth expenditure. The key point is that a viable gas industry 

relies heavily on having multiple customer classes. 

3.3. Increasing energy system resilience  

One of the key strengths of the New Zealand energy system today is its diversity of supply sources and distribution 

channels. This feature of New Zealand’s energy landscape has proven particularly valuable in responding to natural 

disasters, where natural gas and LPG have played significant roles in providing energy continuity, such as following 

both the Canterbury and Kaikoura earthquakes. This is a strength worth preserving.  

The graph below shows the amount of energy distributed around the North Island via existing electricity, gas and 

liquid fuels (petrol and diesel) networks. This highlights the challenge for distribution networks in the transition to 

lower carbon energy sources. Converting liquid fuels demand to electricity will represent a 2.5x increase in the 

energy flowing across electricity networks in the North Island. As the Commission highlights in its draft advice, the 

electrification of light vehicles is imperative for New Zealand to achieve its emissions reduction plan. Fortunately, 

much of this energy demand may be implemented without increasing existing electricity system peaks (effectively 

flattening the load curve). However, energy demand served by gas pipelines will be more difficult to transfer since 

gas and electricity have coincident demand peaks (both supply energy on cold, winter mornings and evenings). 

Figure 6: Energy distributed by North Island networks per quarter 
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Gas networks can continue to enhance the reliability of energy supply in the future using zero carbon gas. Indeed, 

because pipeline injection from biogas and hydrogen facilities are likely to be smaller and more dispersed than 

existing natural gas production facilities (which are large scale and all based in Taranaki), we expect the future of 

zero carbon gas networks to be even more resilient than today. 

3.4. Promoting consumer choice and ensuring ongoing public support for decarbonisation 

We have been overwhelmed by the public response to the Commission’s draft recommendation to ban new gas 

connections and require gas appliances to be replaced with electric or bioenergy alternatives. It is clear to us that 

New Zealanders value the option of having gas in their homes. Why? The reasons are many and varied but include 

affordability, controllable flame cooking, instantaneous hot water that never runs out, effective space heating that 

is not fan-forced, and additional usable space that would otherwise be taken up with an electric water storage unit. 

We regularly ask gas consumers for the single biggest reason they choose gas in their home.8 The results of this 

market research are shown below and highlight the range of benefits provided by gas appliances that appeal to 

different people in different ways. The most prevalent reason is that gas is perceived as lower cost than other forms 

of energy. 

Figure 7: Public survey responses on why consumers prefer gas  

 

We believe that the Commission has not adequately taken these consumer benefits into account in its draft advice. 

The Commission concludes that equivalent electric options for space and water heating exist at comparable prices 

to gas. However, this ignores the consumer benefits received from gas that electricity (by its nature) cannot deliver. 

The results above also suggest that this is at odds with public perceptions. 

The Commission also needs to recognise the direct cost that each household will face in converting its plumbing 

system away from gas. We understand that costs will vary based on the size of the house and the existing electrical 

wiring, but that an average per building cost may be around $3,000 to $4,000 (see detailed breakdown in Table 9 

of the Oakley Greenwood report, Attachment 3). Multiplied by the 480,000 residential and commercial natural gas 

and LPG connections gives a total replacement cost of around $2 billion. This does not include the loss in floor 

 
8 Perceptive, August 2020 “Firstgas Public Opinions Report” (available to the Commission on request) 
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space from moving water heating systems indoors, any broader renovation costs to make space for a water cylinder, 

or the costs of removing gas radiated heating systems, which will all be significant. 

We think it is important that consumer options are preserved. The ability to choose amongst low-carbon options is 

likely to engage the public and increase support for climate change initiatives and help them to contribute positively 

to reducing emissions. As consumers are exposed to options such as biogas, hydrogen and bio-LPG – enabling 

the use of existing appliances and household systems via these zero carbon fuels – we believe this will contribute 

to stronger public support. 

3.5. Providing a pathway for a just transition 

The Commission raises the concern in its draft advice that communities and industries will need to be able to 

participate in a carefully managed and fair transition. We share this concern and believe that the zero carbon options 

summarised in section 2 of this submission provide excellent pathways for a just transition. 

By utilising existing skills and expertise in the gas industry, a shift to decarbonising gas will be inherently fairer than 

stranding assets and requiring retraining. While we employ 350 staff, we are also keenly aware of the employment 

associated with contracting businesses that on our assets and the thousands of jobs across the gasfitting industry.   

 

4. Policy Recommendations that Support the Option of Zero Carbon Gas 

We believe that the best policy option to reduce emissions from natural gas and LPG will achieve two outcomes: 

• Outcome 1. Achieve the emission reductions required to meet New Zealand’s carbon budgets 

• Outcome 2. Preserve the option of using gas infrastructure to transport zero carbon gas. 

This section considers the policy instruments available to the New Zealand government to achieve these outcomes. 

Much of this material comes from the report from Oakley Greenwood (attached as Attachment 3), which builds on 

Vivid Economics’ previous advice on decarbonising the New Zealand energy system6 and draws on the lessons 

and experience from overseas. 

4.1. Overview of policy options 

The primary objective of Necessary Action 9c is to reduce emissions from building heat (water heating, space 

heating and cooking). The guiding principles adopted by the Commission help to determine which policy options 

should be preferred in achieving this primary objective – namely ones that preserve options, avoid unnecessary 

cost, transition in an equitable and inclusive way, increase resilience and leverage co-benefits. 

We see four broad policy options that the Commission could recommend to accelerate emissions reductions from 

building heat. These are described in the following table. 
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Table 2: Policy options to reduce emissions from the use of gas in building heat 

Option Description Comments / observations 

Banning new gas 

connections and 

appliance 

replacements 

Commission’s draft advice Necessary 

Action 9c forces gas heating systems to 

shift from gas to electric or biomass 

alternatives 

Only likely to be optimal policy choice 

where there is a high level of confidence 

it is the best solution 

Building standards Requires emissions per square metre in 

new buildings to reduce over time. 

Proposal in MBIE Operational Efficiency 

Standards consultation (2020) would see 

an initial cap of 18tCO2/m2 per year fall to 

a final cap of zero emissions9 

Focuses on additions to the building stock 

(rather than existing emissions from 

building heat). Uses existing regulatory 

enforcement channels (e.g., building 

inspectors) 

Renewable gas 

obligation 

(recommended) 

Requires gas retailers (or other parties) to 

procure an increasing proportion of 

energy supplied from zero carbon 

sources. Used internationally to shift to 

lower emissions technologies, for 

example through Renewable Electricity 

Certificates (RECs) in Australia and the 

Renewable Heat Incentive (RHI) in the 

UK. Also consistent with announced 

biofuels sales obligation in New Zealand 

for transport fuels 

Viable policy option when final product is 

substitutable with a more desirable 

alternative (e.g., renewable electricity, 

biofuels)  

Reliance on the 

emissions trading 

scheme (ETS) 

Requires ETS prices to increase to levels 

that see energy users opt for low carbon 

alternatives for building heat (e.g., 

electricity, biogas, hydrogen, bio-LPG) 

Maximises consumer choice and ability 

for individual decision-makers to make 

trade-offs. Limited by scheme design and 

political acceptability of high carbon 

prices. 

 

4.2. Evaluation of policy options and recommendation 

Using the Commission’s guiding principles (GPs) 3 – 7, we can evaluate each of the policies described above. We 

have not considered GPs 1 – 2, since those principles focus on emissions reductions – which we believe can be 

delivered by each of the four policy options considered provided that they are designed to achieve those outcomes. 

This evaluation suggests that the proposed ban in the Commission’s draft advice is the least preferred policy option 

since it closes off options, creates unnecessary costs, generates unfair outcomes, and leads to an over-reliance on 

electricity networks. Introducing a renewable gas obligation performs best, particularly if risks around cost can be 

effectively managed. 

 
9 See: https://www.mbie.govt.nz/dmsdocument/11793-transforming-operational-efficiency, page 8 
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Table 4: Evaluation of policy options against the Commission’s guiding principles 3-7 

 Keeping 

options 

open 

(GP3) 

Avoiding 

unnecessary cost 

(GP4) 

Just and 

equitable 

transition 

(GP5) 

Increase 

resilience 

(GP6) 

Leverage 

co-benefits 

(GP7) 

Banning new gas 

connections and 

appliance 

replacements 

 

Closes off 

biogas, 

hydrogen and 

bio-LPG 

options 

 

New 

buildings 

are zero 

carbon 

 

$2 billion 

cost for 

plumbing 

 

No clear 

pathway for 

gasfitters, gas 

engineers, gas 

apprentices 

 

Over-

reliance on 

electricity 

networks 

 

Unclear what 

co-benefits 

would arise 

Building 

standards 
 

Technology 

neutral policy 

 

Depends how 

standards are 

implemented 

 

Implementation 

may vary across 

the country  

 

Resilience 

likely to 

remain 

unchanged 

 

Co-benefits 

will depend on 

solutions that 

emerge 

Renewable gas 

obligation 

(recommended) 
 

Provides 

policy support 

for new gas 

options 

 

Realises 

value 

from 

existing 

housing 

 

Potentially 

leads to 

higher 

cost gas 

 

Clear jobs 

pathway for 

gasfitters, gas 

engineers, gas 

apprentices 

 

Distributed 

network of 

bioenergy 

and 

hydrogen 

facilities 

 

Disposal and 

treatment of 

organic 

wastes 

(biogas), 

electricity 

system 

benefits 

(hydrogen) 

Reliance on the 

emissions 

trading scheme 

(ETS) 

 

Leaves all 

options on 

the table 

 

Enables consumers to 

minimise total cost 

(including carbon) 

 

Does not 

actively manage 

distribution of 

impacts 

 

If resilience 

is valued 

consumers 

can pay for 

it 

 

No clear 

linkage to 

other benefits 
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The policy option that satisfies the most principles is the renewable gas obligation. While there are many specific 

design choices within this broad policy option (such as which party holds the obligation, and what happens if the 

obligation is not met), finalising these design choices is the role of policy and regulatory agencies tasked with 

implementing the policy. In this case, that task is likely to fall to the Ministry of Energy, Business, Innovation and 

Employment (MBIE) and the Gas Industry Company (GIC). We believe that some form of renewable gas certificate 

or credit will be an important component of this policy. This will effectively price the premium attributable to zero 

carbon gas and will allow users that receive that credit to report their emissions reductions. 

The Commission’s role is to provide the ‘direction of policy’, which we believe can be achieved by replacing 

Necessary Action 9c with the following: 

Set an obligation for a proportion of gas used in building heating to come from 

renewable (non-fossil fuel) sources. This obligation should be sufficient to 

supply new building heat added to gas networks from 2025 and should 

increase over time 

The other advantage of redrafting the recommendation in this way is that it is consistent with other policy 

recommendations in the draft advice. Specifically, the format of necessary action 4a is to “set a target and introduce 

policies so that at lest 140 million litres of low carbon liquid fuels are sold in Aotearoa by 2035.” This renewable 

liquid fuels policy direction has all the advantages described above in promoting options (bioethanol, biodiesel, 

hydrogen), utilising existing infrastructure and vehicles to manage the transition, and leveraging co-benefits.  

4.3. Modelled impacts of a renewable gas obligation 

We have considered how a renewable gas obligation for building heat might affect energy choices made out to 

2035 and the longer-term opportunities this would create out to 2050. Consistent with the evaluation of policy 

options above, the renewable gas obligation is likely to create more options for heating buildings and supplying 

other energy requirements. 

The graphs below contrast the Commission’s modelling of how building heating requirements will be met with a ban 

on new connections and forced appliance replacements (left hand graph) and the proposed renewable gas 

obligation (right hand graph). This analysis assumes that:  

• Biogas (upgraded to biomethane) is used throughout the 2020s to reduce emissions at the rate envisaged 

in the carbon budgets. This leads to 3.9 PJ of additional biogas by 2030, an average growth rate of 400 

TJ per year (which is equivalent to two Reporoa-sized biogas plants). 

• Hydrogen blending into gas networks begins in 2030 (consistent with our hydrogen pipeline report in 

Attachment 2). From this date, hydrogen becomes a more attractive route to decarbonise natural gas 

than biogas, and 2.9 PJ of hydrogen is used to substitute for natural gas in building heat by 2035. 
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Figure 8: Energy used to displace use of gas in building heat to 2035 

 

 

While the specific obligations would need further analysis and consultation, the amount of renewable gas shown in 

the right-hand graph represents 7% of gas demand for building heat in 2025, 23% in 2030 and 40% in 2035. 

We have also modelled longer term pathways to decarbonise gas use out to 2050. This time horizon demonstrates 

the real value of having multiple decarbonisation options.  Rather than having to rely heavily on electricity to drive 

a reduction in natural gas use and emissions (left-hand graph), biogas and hydrogen can both play a meaningful 

role alongside electrification and biomass (right-hand graph). This analysis assumes that: 

• 400 TJ of additional biogas production is added per year out to 2050. This takes the total use of biogas to 

12 PJ, still well within the estimate of 18 PJ of biogas production provided in the Beca report (Attachment 

1). 

• Hydrogen is preferrable to electricity to displace natural gas use from 2040 and grows to a total contribution 

of 27 PJ in 2050. This is lower than the total potential uses for hydrogen that displace natural gas identified 

in the hydrogen pipeline trial report of around 60 PJ. 
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Figure 9: Energy used to displace use of gas across energy sector to 2050 
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1 Introduction 

The He Pou a Rangi, Climate Change Commission (CCC), Draft Advice published on 31 January 2021, 

proposes preliminary emissions budgets and direction of policy to achieve the targets agreed under the Zero 

Carbon Act through to 2035. To support their submission on the Draft Advice, Firstgas Group has engaged 

Beca to provide a technical memo on biogas and biomethane technology and use.  

This report provides technical evidence with respect to the opportunities of biogas and biomethane. 

Information summarised in this report includes:  

● a description of mature and available biogas production and upgrading technologies; 

● an overview of the use of biogas and biomethane internationally; 

● the biogas and biomethane potential in New Zealand with consideration of available feedstocks and 

quantities of biomethane that could be produced; and 

● the opportunities and benefits of grid injection. 

 

There is significant opportunity in utilisation of biogas and biomethane (from upgrading biogas) within New 

Zealand through injection of biomethane into the existing natural gas network. 

 

2 Biogas Production Technology 

Biogas is generated through the microbial anaerobic decomposition of organic matter. Biogas typically has a 

composition of approximately 60-70% biogenic methane, 25-35% carbon dioxide, and the remainder being 

water vapour and impurities (e.g. nitrogen and hydrogen sulphide). Different digestion conditions can change 

the composition of the final gas. 

At scale, there are only a handful of different processing arrangements widely used to create biogas from 

organic waste. This is because these designs have proven to be the most efficient and the most cost-

effective after years of operation in overseas markets. Over the past 30 years, plant designs have been 

continually refined and developed to provide the most effective biogas conversion for every dollar spent.  

The main process options for digestion include: 

● Dry vs Wet digestion - Depending on the solids content of the feedstock, digestion can occur in fully-

mixed liquid state or in a non-mixed solid state. Of the total installed capacity of biogas plants in Europe, 

62% is from dry-type digesters (Van et al., 2020). 

● Batch vs Continuous digestion - Typically based on the solids content again, with batch processes 

favouring high solids feed, and low solid feeds tending to favour continuous operation. Of the total 

installed capacity of biogas plants in Europe, 76% is from continuous digesters (Van et al., 2020). 

● Single Stage vs Multi-Stage digestion - Digestion occurs in different biological stages with different 

optimal conditions, as such digestors can be designed with multiple stages to optimise each step of 

digestion, or a single stage where all steps occur at one set of process conditions. In recent years, a 

larger proportion of multiple stage systems are being constructed, but only 7% of European installed 

biogas capacity is multiple stage (Van et al., 2020). 

● Thermophilic (40-60°C) vs Mesophilic (30-40°C) - Digestion can occur at different temperatures, with 

higher temperatures allowing faster digestion of feedstocks but requiring more careful controls. Of the 

total installed capacity of biogas plants in Europe, 33% is produced in thermophilic digesters (Van et al., 

2020). 

Landfill biogas production is typically uncontrolled; thus, the above process options are not relevant for 

landfill gas production. Landfill gas is typically captured via capped landfills. 
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In New Zealand, biogas is generated predominantly from landfills and wastewater treatment plants with a 

total biogas production of 3.63 PJ in 2020 (Ministry of Business Innovation and Employment, 2020). 

The major biogas plants and their processes are outlined below: 

● Mangere WWTP – Mesophilic digesters operating continuously using wet digestion. 

● Rosedale WWTP – Mesophilic digesters operating continuously using wet digestion. 

● Christchurch WWTP – Both thermophilic and mesophilic digesters operating continuously using wet 

digestion. 

 

3 Biogas to Biomethane Conversion Technology 

Biogas upgrading concentrates the methane in raw biogas by removing carbon dioxide and other minor 

gases. This process can be carried out by applying different types of separation technologies which utilize 

the different physical and chemical behaviour of the various gases (Energiforsk, 2016).  

Chemically speaking, biomethane is identical to fossil-methane, therefore biomethane can be introduced into 

the natural gas network with no downstream consequences to the end user, assuming that the biomethane 

is sufficiently purified and treated to meet grid injection standards.  

There are various mature technologies already utilised overseas to refine biogas, including: 

● Water Scrubbing 

● Pressure-Swing Adsorption 

● Cryogenic Processing 

● Membrane Filtration. 

 

3.1 Water Scrubbing 

Water scrubbing units utilise physical absorption to separate the gaseous components based on different 

solubility of the components. An overview of water scrubbing process is shown in Figure 3-1. Water 

scrubbing is the most popular biogas upgrading technology with 41% of the global biogas upgrading market 

(Hjuler & Aryal, 2017). The popularity of water scrubbing is in part due to its availability, cost effectiveness 

and low sensitivity to biogas impurities. Pre-treatment of the biogas is recommended to reduce corrosivity 

issues caused by hydrogen sulphide but is not strictly necessary. Oxygen and nitrogen are not removed via 

water scrubbing, which dilutes the methane content of the upgraded gas (Hjuler & Aryal, 2017) so without 

additional treatment this gas may be unsuitable for grid injection depending on the raw biogas source. 
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 Water scrubbing has been used in New Zealand, in a pilot plant at Redvale landfill upgrading landfill gas and 

fuelling a CNG dump truck collecting municipal waste (Rowntree, 2015). This plant no longer operates. 

3.2 Pressure-Swing Adsorption (PSA) 

Pressure-Swing Adsorption (PSA) utilises the differences in physical properties of the gas components to 

create physical separation of biomethane from the remaining gases. The selective affinity of CO2 onto a 

surface of a media at different pressures controls the separation (Energiforsk, 2016). Release of pressure 

causes CO2 to be desorbed, hence CO2 can be recovered and utilised as a co-product (Hjuler & Aryal, 

2017).  A schematic of a typical process is shown in Figure 3-2. Hydrogen sulphide irreversibly binds to the 

adsorption media, hence is needed to be removed in a pre-treatment step. 

PSA is mature, commercially available and commonly used for biogas upgrading internationally (Greenlane 

Renewables, 2021; Kapoor & Vijay, 2013), with plants operating in Europe since the mid-1990’s, and also 

Figure 3-1: Schematic of a typical water scrubbing process (Energiforsk, 2016). 

Water scrubbing units have been proven in over 18 countries, upgrading biogas from agricultural waste sites, 

landfills, and wastewater treatment plants (Rowntree, 2015). Prefabricated plants are commercially available 

from several suppliers at a broad range of capacities (Greenlane Renewables, 2021; Malmberg, 2021; 

Petersson & Wellinger, 2009).  

 

Figure 3-2: Schematic of typical PSA process (Energiforsk, 2016). 
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elsewhere around the world (Kapoor & Vijay, 2013). Due to low cost and easy maintenance, PSA is 

considered one of the most appropriate biogas upgrading methods at small scale (Kapoor & Vijay, 2013). 

3.3 Cryogenic Processing 

Cryogenic separation uses the differences in the boiling/sublimation points of different gases, particularly for 

the separation of CO2 and biomethane (Petersson & Wellinger, 2009). The various steps used to cool and 

compress the biogas means that water, hydrogen sulphide and other impurities are condensed first, thus can 

be separated from the remaining biomethane/CO2 mixture. The next phase removes CO2 from the gas 

(Hjuler & Aryal, 2017). The various process steps allow both liquid and solid CO2 to be produced as co-

products. 

(Pacific Gas and Electricity Company, 2017) 

Cryogenic separation is better suited to larger applications (Hjuler & Aryal, 2017). Disadvantages of this 

technology include the higher number of devices required, including compressors, heat exchangers, and 

coolers, and consequently higher electricity demands. There are also relatively higher operating and 

maintenance costs compared to simpler upgrading technologies. 

Cryogenic separation commercial operation dates back to mid-2010’s in Europe and the UK (Cyro Pur, 

2021). Some plants have been operating commercially in the US since 2006 (Hjuler & Aryal, 2017). There 

are a number of suppliers offering commercial scale cryogenic separation plants.  The relatively high process 

energy consumption lends it to applications where liquid CO2 is desired as a co-product. 

3.4 Membrane Filtration 

Biogas upgrading using membrane technology utilises the different permeability of gases through a 

membrane fibre, see Figure 3-4. Membrane separation operates at higher pressures, thus the biomethane 

produced is at a higher pressure than for other upgrading techniques (Energiforsk, 2016). This is an 

advantage when biomethane is intended for high pressure applications.  

(Pacific Gas and Electricity Company, 2017) 

Figure 3-3: Cryogenic Separation biogas upgrading process flow (Pacific Gas and Electricity Company, 2017)  
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Membrane separation is a standard upgrading method for landfill gas upgrading internationally (Petersson & 

Wellinger, 2009). The first plants were installed in the US in the 1970’s and later in the Netherlands. Modern 

plants operate at lower pressures and see greater methane content in the upgraded gas. 

Advantages include fast installation and start-up, with flexible production output. Membranes can handle 

variable flow and quality of biogas. However, the membrane materials can be sensitive to impurities (hence 

pre-treatment is often required) (Hjuler & Aryal, 2017). 

Combination of membrane processes and other upgrading technologies such as water scrubbing to produce 

hybrid systems can increase efficiency and decrease operating costs (Hjuler & Aryal, 2017). 

 

4 Biogas and Biomethane Overseas 

4.1 North America 

Currently in North America, there are four main sources of biogas used to create biomethane:  

● Municipal solid waste (MSW) landfills 

● Anaerobic digestion (AD) at municipal water resource recovery facilities (known in New Zealand as 

WWTPs) 

● AD at livestock farms 

● AD at stand-alone organic waste management operations. 

The United States currently has: 

● 2,200 operating biogas systems (EESI, 2017). 

● Opportunity for over 13,500 new biogas systems (EESI, 2017). 

● 130 operational biomethane facilities (The Coalition For Renewable Natural Gas, 2020).  

● 37 biomethane facilities under construction. (The Coalition For Renewable Natural Gas, 2020).  

Biomethane has the potential to replace up to 10% of the natural gas used in the United States. 

There are incentives (both federal and state specific) in the United States to encourage the use of 

biomethane (or renewable natural gas, RNG) as a transport fuel. 

 

Figure 3-4: Schematic of different process configurations for membrane biogas upgrading (Energiforsk, 2016). 
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4.2 United Kingdom 

According to the European Biogas Association Statistical Report 2018, the UK has 613 biogas plants, of 

which 92 are biomethane plants (EBA, 2018). Biogas and biomethane supplied an estimated 4% of the UK’s 

total gas supply 2017 (Business Energy, 2017). A similar amount of biomethane was injected into the 

national grid in 2019, indicating there has not been much growth in the UK biomethane supply in recent 

years (Boykew, 2020). 

However, recent growth in biogas capacity has since been stalled due to subsidy cuts (Business Energy, 

2017). The Green Gas Levy and Green Gas Support Scheme (announced in the March 2020 Budget) could 

potentially provide more momentum in the years to come. 

4.3 France 

As of December 2019, there were a total of 860 biogas plants operating in France. Out of those 860, 123 

plants injected biomethane into French distribution networks (Biogas World, 2020). 

The majority of biogas plants in France use feedstocks from agriculture that are directly available on the 

territory they are located on, such as manure, culture residues or wastewater sludge. The production of 

biogas and biomethane in France is based on the valorisation of waste and agricultural, industrial, or 

municipal by-products. Biomethane has specifically a high potential in these sectors.  

A subsidy scheme incentivises biomethane production, making France the European country with the 

highest growth rate in new biomethane plants (EBA, 2018). Local incentives and policy include: 

● Energy efficiency bonuses 

● Purchase tariffs for biomethane injected into the grid 

● Purchase tariffs for electricity produced from biogas 

● Grants and technical aids offered by French Environment and Energy Management Agency (ADEME), 

local authorities and water agencies 

● Exemption from the domestic consumption tax on natural gas for gas mixed with biogas or biomethane.  

4.4 Italy 

Italian biogas plants generated 42.3% of the total electricity generated by bioenergy (or approximately 8% of 

total electricity generation from all sources). As of 2016, there were 1995 biogas plants in Italy, with 50% 

running on agricultural feedstocks while 27% of them derived biogas from animal manure and 20% from 

organic waste, respectively. The remaining 4% run on wastewater treatment sludge (ISAAC, 2016).   

Despite the huge number of biogas plants and largest EU fleet of vehicles fuelled with gas, Italy has only 6 

biomethane plants: 3 based on agricultural substrates, 2 on municipal solid waste and 1 on landfill waste. All 

of them sell biomethane to vehicles fuel stations and none are connected to the natural gas network. 

4.5 Germany 

Germany is a clear leader in global biogas/biomethane production, representing more than 50% of the total 

production in the EU. There were more than 10,900 biogas plants in Germany as of 2018 (EBA, 2018). Most 

of this biogas is used for electricity generation. 

In 2018, Germany produced biomethane from 213 biomethane production facilities. Germany is a net 

exporter of biomethane, exporting an average of 150-200 GWh per year. The end destination of this 

biomethane is commonly countries like Sweden where incentives are geared towards the use of biofuels for 

transport. 

The majority of biogas in Germany is generated from the anaerobic digestion of energy crops and biowaste. 

Germany also produces biogas from other sources of organic waste materials like manure (around a quarter 



| Biogas and Biomethane Overseas | 

 

 

First Gas Climate Change Commission - Technical Support Memo | 2930634-1745584912-13 |  | 7 

Sensitivity: General 

of all livestock manure in Germany is digested), municipal organic waste and industrial effluents like spent 

grain, pulp from juices and dairy waste. 

The Renewables Energy Act 2004 provided biogas generators a financial benefit based on the net amount of 

electricity their plants produced. However, in 2014 it was announced that the tariffs would be restructured 

resulting in less guaranteed incentives for biogas plants primarily fed by energy crops but maintain current 

incentives for plants fed by waste materials (Eyl-Mazzega & Mathieu, 2019). This had led to a decrease in 

the construction of new biogas plants. 

4.6 Denmark 

Biogas has existed in Denmark since the 1970s. In 2012, Denmark formally committed to biogas when it 

became a political priority and part of the National Government’s strategy for a fossil-free energy supply by 

2050 (Biogas Go Global, 2020). Feed-in tariffs and investment tax credits significantly matured the industry, 

increased the number of large-scale projects and spurred innovation in areas like CO2 recovery, Power2Gas, 

and nutrient recovery. 

In 2018, Denmark had 165 biogas plants, and 32 biomethane plants producing 7.2 PJ of biomethane. 

Traditionally, biogas had been used for electricity production but more recently, biogas is increasingly being 

upgraded to biomethane and injected into the natural gas grid (Biogas Go Global, 2020). As of 2020, 20% of 

Denmark’s gas consumption is covered by biomethane (Biogas Clean, 2021), and the country is on track to 

reach its target of 100% biomethane in its natural gas grid by 2050. 

The focus on renewable natural gas instead of direct production of electricity from biogas is because 

Denmark has a high share of renewable electricity in the energy system. 

4.7 Key Leanings from Overseas Success 

Based on the scale of biogas and biomethane plants overseas it is clear that the biogas production and 

upgrading technologies are mature and viable at a commercial scale. Injection of biomethane into national 

grids is also a mature technology that is being done successfully throughout the world. 

A common theme for successful biogas and biomethane adoption is support by policy that incentivises 

biogas production and use. Financial incentives that support investment in new plants, as well as ongoing 

tariff and tax benefits support for the uptake and use of biogas and biomethane. As seen in Germany, long 

term guarantees on these financial incentives are also critical to commitment for investment in new plants. 
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5 New Zealand Biogas Feedstocks 

Biogas can be produced from a wide variety of feedstocks including sewage sludge, crop residues, animal 

manure, industrial effluent/wastewater or food waste. The strong agricultural and food-production industries 

in New Zealand could provide a sizable source of feedstock for biogas generation.  

5.1 Landfill Gas Capture 

Currently landfill gas capture is the largest source of biogas in New Zealand (around 3PJ/year) (Wabnitz et 

al., 2011). 90% of NZ’s municipal solid waste ends up landfill with some form of gas capture, where it is left 

to decompose in sealed landfill cells, and as a result biogas is produced. The biogas produced from landfills 

is produced in an uncontrolled process environment over many years. Generally, the quality of the gas 

generated is much lower than the quality of gas produced in a purpose-built anaerobic digestion plant 

(Bioenergy Association New Zealand, 2019).  

Many of the landfills fitted with gas capture technology do not generate energy or electricity from the landfill 

gas captured. Instead, this gas is flared to destroy methane and other harmful gases and reduce the overall 

GHG emission potential of the gas. According to recent estimates, 68% of methane generated at landfills 

with gas capture technology installed is successfully captured with the remainder escaping to atmosphere 

(Ministry for the Environment, 2019). 

In the landfills where gas is captured, the biogas is generally burned to generate CHP. However, this biogas 

could be upgraded to biomethane with specialist equipment to remove landfill gas contaminants. 

 

Table 5-1: Existing Energy Production from Landfill Gas Capture 

Feedstock Source Biomethane Production 
(PJ/year) 

Key References 

Landfill Gas Recovery (LFGR) 3.0 (4. Regional Summaries | Ministry for 

the Environment, n.d.), (Reynolds et 

al., 2016), (Bioenergy Association New 

Zealand, 2019) 

Landfill gas capture systems are generally productive from 4-20 years after the landfill has been sealed and 

digestion has been allowed to start (US EPA Climate Change, 2020). It is difficult to assess the future 

productivity of NZ’s landfills given current initiatives to divert food waste and other organic materials from 

landfill, as this will decrease the yields of biogas from landfill over time. However, capture of landfill gas from 

existing capped landfills could improve yields of landfill gas and prevent additional emissions. 

5.2 Municipal Wastewater 

The majority of New Zealand is serviced by centralised wastewater treatment plants (WWTPs), with the 

remaining portion on local systems including septic tanks. Based on WaterNZ data, the total amount of 

wastewater treated annually is approximately 450 million m³ per year (Water New Zealand, 2021).  

Assuming that 100% of sludge produced from this wastewater is digested, this equates to approximately 0.6 

- 0.9 PJ of methane production per year (Drosg et al., 2015). 

The existing biogas production from WWTPs in New Zealand is approximately 0.6 PJ, therefore there is an 

additional 0.3 PJ of potential biogas generation if the remaining WWTPs use anaerobic digestion. Biogas 

production is summarised in Table 5-2. However, as this is not feasible for smaller plants, consideration of 

centralised WWTPs may be required to achieve sufficient volumes to make biogas generation practical. Most 

of the existing biogas produced at WWTPs is currently consumed onsite for electricity generation or 
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combined heat and power units. Grid injection from WWTPs is not feasible unless biogas production 

surpasses the onsite plant consumption. Plants overseas have been successful in boosting biogas 

production by co-digesting energy crops and food waste with municipal sludge. 

Table 5-2: Potential and Existing Energy Production from Municipal Wastewater 

Biogas Production Energy Potential (PJ / year) Reference  

Total Potential Biogas Production 0.9 (Drosg et al., 2015). 

Existing Biogas Production 0.6  (Watercare Services Ltd, n.d.), 

(Christchurch City Council, 2019) 

Additional Biogas Potential 0.3 

Both the quality and the location (in proximity to urban centres) of municipal wastewater sludge lends itself to 

co-digestion with food or industrial waste (Bioenergy Association New Zealand, 2019), which has been 

shown to significantly increase the biogas yield. Substantial additional biogas production through use of co-

digestion would create excess of the heat and power requirements on-site, creating potential for revenue by 

resale to the national gas grid or adjacent industrial operations.   

It should be noted that the total wastewater figures include some trade waste discharges where industrial 

wastewater is discharged into the municipal sewer.  

5.3 Industrial Wastewater 

If wastewater does not meet local discharge standards, it must undergo treatment, creating the opportunity 

for anaerobic digestion onsite. Currently, some industrial wastewater is treated at municipal wastewater 

treatment plants, thus that generation is covered under municipal wastewater biogas estimates above. 

The highest potential for biogas production exists with industrial processes creating wastewater with high 

biological loadings, such as meat processing plants, dairy processing factories, pulp and paper sites, 

distilleries, and breweries. Currently, most industrial wastewater treatment is aerobic, and the few plants 

using anaerobic treatment do not all have gas capture systems for biogas that enable these sites to actively 

use their biogas.  However, the technology for treating industrial wastewater is robust and mature.  

Industrial waste from key industries have been assessed for biogas production potential. The total industrial 

waste potential may be underestimated as smaller industries which also produce waste, such as wineries, 

breweries, or other food manufacturers, have not been assessed. Therefore, the total biogas potential of 

industrial waste may be higher than reported. The biomethane potential is summarised in
Table 5-3.   

 

Table 5-3: Potential Energy Production from Industrial Wastewater 

Industrial Sources Energy Potential (PJ / year) Reference 

Dairy Processing Wastewater 1.1  (Wabnitz et al., 2011) 

Meat Processing Solid Waste and Wastewater 0.6  (Wabnitz et al., 2011) 

Pulp and Paper Liquid Wastewater 0.6 (Mark & Manzano, 2011) 

Total Biomethane Potential 2 PJ/year  
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5.4 Crop Residue 

In New Zealand, 70% of arable crops are grown in Canterbury and include a wide range of seed crops and 

cereal grains (Review of the Role and Practices of Stubble Burning in New Zealand, Including Alternative 

Options and Possible Improvements A Report Prepared for the Canterbury Regional Council 2013 Written 

By, 2013). It is common to burn stubble (post-harvest residue), which is viewed as an effective way to clear 

straw and other plant material prior to the next crop rotation. These crop residues represent an untapped 

biogas resource. Surplus wheat and barley residue in Canterbury could produce 1.3 PJ of biomethane (Hall 

& Jack, 2008). 

 

Table 5-4: Potential Energy Production from Crop Residue 

Feedstock Source Energy Potential (PJ / year) Reference 

Canterbury Wheat and Barley Residue  1.3 (Hall & Jack, 2008) 

Crop residue achieves a high biogas yield; however, lignocellulose requires longer to breakdown, and would 

therefore imply more rigorous pre-treatment or a longer retention time within the digester. Seasonality of the 

feedstock availability would need to be managed with alternative sources used in the off-season or plant 

production turned down. 

5.5 Livestock Manure 

In New Zealand, accessible manures with significant volumes available are dairy cattle, poultry, and piggery 

manure. Approximately 8.5% of dairy effluent is able to be captured (Rollo et al., 2017), however 100% 

recover of piggery and poultry waste is assumed based on indoor farming methods (Ministry of Agriculture & 

Forestry, 2008). Beef and sheep livestock numbers are high but retrieval of manure from farms is not 

feasible. Anaerobic lagoons are used for approximately 7% of dairy cattle excrement (Rollo et al., 2017), 

although biogas utilisation is not common. Biogas capture within poultry farms and piggeries is not 

commonplace, with only one piggery in New Zealand currently capturing biogas (Taranaki Regional Council, 

2016). Therefore, animal manure represents a vast unrealised biogas source.  

 

Table 5-5: Potential Energy Production from Livestock Manure 

Livestock Effluent Biomethane Potential (PJ/year) Key References 

Dairy Cows 6.9 (Dairy NZ, 2020), (Rollo et al., 

2017), (Wang et al., 2019) 

Pigs 0.4 (Stats NZ, 2020), (Ministry of 

Agriculture & Forestry, 2008) 

 

Poultry 1.4 (Figure.NZ, 2019a), (Figure.NZ, 

2019b), (MAF, 2011) 

Total 9 PJ 

5.6 Municipal and Commercial Food Waste 

A study conducted in 2011 estimated New Zealanders produce and send 50 kg of food waste to landfill per 

capita per year (Reynolds et al., 2016) mixed in with the rest of their rubbish. Additionally, commercial and 

industrial food waste creates another 20kg of food waste per capita per year which is disposed of in landfills. 

This does not include foods disposed of via composting, feeding to animals or sewer disposal, so the real 

size of this potential feedstock could be even more than 70kg per person, or 353 500 tonnes/year. 
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Currently, 90% of New Zealand’s municipal solid waste goes to landfills that are already equipped with gas 

capture systems (Bioenergy Association New Zealand, 2019). However, 5% of NZ’s total municipal solid 

waste including high percentages of digestible organic waste and non-digestible green waste is collected 

and processed separately at organic waste sites where no gas capture occurs (Ministry for the Environment, 

2011). Biogas captured from managed landfills is typically of lower quality than biogas produced in a 

controlled anaerobic digestor, with higher amounts of CO2 and on average gas-capture landfills can achieve 

only around 68% capture of their raw biogas (Bioenergy Association New Zealand, 2019). Additionally, many 

of these landfills are not equipped to generate energy from the gas captured, and only flare the gas to 

remove contaminants and decrease biogenic methane emissions.  

Source-segregated collection of municipal and commercial food waste would allow for processing of this 

material into biogas/biomethane as well as biofertilizer, and divert this material from landfill. The biomethane 

potential from source-segregated organic waste is shown in Table 5-6. 

 

Table 5-6: Potential Energy Production from Source-Segregated Food Waste 

Feedstock Source Biomethane Potential (PJ/year) Key References 

Source-Segregated Food Waste 1.4 (4. Regional Summaries | 

Ministry for the Environment, 

n.d.), (Reynolds et al., 2016), 

(Bioenergy Association New 

Zealand, 2019) 

5.7 Biogas and Biomethane’s Potential in New Zealand 

New Zealand currently produces 3.63 PJ per year of biogas (Ministry of Business Innovation and 

Employment, 2020). Further investment in technologies to produce and refine biogas would allow an 

additional 14 PJ of biomethane, see Table 5-7, representing approximately 10% of New Zealand’s annual 

total natural gas consumption (approximately 127.5 PJ not including electricity generation) (Ministry of 

Business Innovation and Employment, 2020).  

 

Table 5-7: Summary of Biomethane Potential in New Zealand from Existing and New Sources 

Feedstock Source Existing Biomethane Potential 
(PJ/year) 

Additional Biomethane Potential 
(PJ / year) 

Landfill Gas 3 - 

Municipal Wastewater 0.6 0.3 

Industrial Waste - 2 

Crop Residue - 1.3 

Livestock Manure - 9 

Municipal and Commercial 

Food Waste 

- 1.4 

Total  3.6 14 

The estimates presented here could be an underestimate of the total production potential due to the high-

level assessment of feedstock availability in New Zealand. Minor feedstocks could be co-digested at other 

anaerobic digestion facilities to boost biogas production. Biomethane production potential within New 

Zealand should not be overlooked and could be a significant driver in the decarbonisation of the natural gas 

consumed in New Zealand. 
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6 Logistics and Connection Considerations 

New Zealand’s low population density and distribution of industrial and urban centres raises some 

challenges to consider when assessing how best to utilise these feedstocks for biogas and biomethane 

generation and grid injection.  

Below we will discuss the logistical and connection considerations relevant to each potential feedstock.  

6.1 Landfill Gas  

Landfills are not easily relocatable, so ease of connection is heavily dependent on current locations of gas-

producing landfills in relation to nearby gas transmission or distribution pipelines. 

6.2 Municipal Wastewater 

Biogas and biomethane generation from municipal wastewater is performed as a part of treating municipal 

wastewater already being collected in central processing plants, so there are minimal challenges with 

centralising the collection of this waste. The location of each WWTP in relation to natural gas transmission or 

distribution networks should be considered when planning to inject biomethane produced form these plants, 

as costs of connection increase with distance from a suitable injection point.  

6.3 Industrial Wastewater 

Some Industrial plants in New Zealand may possess the scale to process their own liquid waste, but smaller 

industrial outfits may need to cooperate in order to reach economic scale for wastewater digestion. 

Opportunities for collaboration and industrial partnerships should be assessed, if industrial wastewater 

generators are located in proximity of each other.  

As natural gas is often the fuel of choice for industrial plants in the North Island, most industrial plants will 

have a connection to a nearby natural gas network that could be used to on-sell biomethane produced on 

site. 

6.4 Crop Residue 

Because agricultural residues are produced over a large land area, consideration should be given to the 

effort required to collect and transport these residues to a central location for digestion and grid injection. 

Alternatively, crop residues can be used to supplement other feedstocks e.g. manure and food waste 

(Rowarth et al., 2015) and this would allow smaller, local crop residue collection to operate effectively. 

In New Zealand, the majority of crop residue is produced in the South Island, which presents challenges for 

grid injection given the absence of local reticulated natural gas networks. Another opportunity to be 

considered for crop residues in the South Island could be local production of biomethane for use in transport 

networks i.e. CNG trucks.  

6.5 Livestock Manure 

Livestock manure is a popular feedstock in countries like Denmark as discussed in Section 4.6. While 

overseas countries utilise high percentages of their animal effluent collected from indoor farming centres, 

New Zealand’s preference for pastoral farming makes sources of animal manure widely distributed.  

Consideration for collection operations will allow for effective placement of centralised plants and allow the 

most effective collection and processing of feedstocks.  

A good example of a successful animal-waste biogas plant in New Zealand is Fonterra’s Tirau plant. This 

plant processes waste collected from the same cows that provide it with milk, and this offsets the dairy 

plant’s natural gas consumption. If Tirau ever wished to upgrade its biogas plant to produce biomethane it is 
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already connected to a gas distribution grid and successfully collects waste to convert into biogas. This 

model could be used at more dairy sites.  

6.6 Municipal and Commercial Food Waste 

Currently, the majority of municipal and commercial food waste in NZ is collected with general solid waste or 

disposed of via organic waste collections (see Section 5.6). Some cities are currently implementing source-

segregated collection of food waste e.g. Auckland which means the feedstock can be processed without 

separation from general waste.  

As with all other feedstocks, if the aim is to inject the biomethane produced into the grid then consideration 

should be given to a prospective digestion plant’s proximity to a suitable injection station.  
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7 Opportunity and Benefits of Grid Connection 

Injection of biomethane into the existing natural gas grid in the North Island would allow the ongoing 

utilisation of existing network infrastructure, as well as enabling ongoing utilisation of end-user assets. 

Introduction of biomethane into the grid would reduce reliance on fossil natural gas for those users where a 

swap to other fuel sources is unpractical or unachievable. Utilising the existing gas network would allow for 

the separation of the fuel source and end user, thus removing constraints of transport logistics and local 

availability of fuel and feedstocks. 

Utilisation of biomethane through grid injection would accelerate decarbonisation in the sectors that have 

been identified as difficult to decarbonise e.g. high temperature process heat and in process using methane 

as a chemical feedstock. Often while it appears fuel switching to electricity or biomass should be economic 

when only the primary heat generation plant is considered, the changes across the broader industrial site 

and replacements to all the associated equipment that use the heat often makes this a much greater 

economic challenge. As biomethane can be directly substituted for natural gas, utilisation of biomethane 

would encourage end users to decarbonise process heat more rapidly as there will be no need for the 

associated equipment and infrastructure upgrades. 

Due to the lack of existing natural gas grid network in the South Island current distribution networks of 

compressed natural gas and liquified natural gas could be utilised for biomethane applications. 

 

8 Conclusions 

Biogas and biomethane technologies are mature and well-used technologies overseas. New Zealand has 

good levels of identified feedstocks to allow a significant biogas and biomethane industry to be developed. 

This could aid decarbonisation of industry, particularly the hard to decarbonise high temperature process 

heat, with minimal end-user capital investment required.  

To do this additional biogas production and upgrading plants will be required which will have associated 

capital costs. Additional biomethane potential represents approximately 10% of New Zealand’s annual 

natural gas consumption (excluding electricity generation). Policy that incentivises biogas and biomethane 

use with long-term guarantees has been shown to encourage investment in new plants internationally, and 

similar incentives will be required to facilitate growth in this industry in New Zealand.   

Biomethane utilisation via grid injection could help achieve targets under the Zero Carbon Act and support 

the decarbonisation of industry outlined in the CCC Draft Advice Report. Biomethane grid injection achieves 

a disconnection of waste/feedstocks generation and the end biomethane users, and decreases the 

decarbonisation challenges for natural gas end users.  
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Every day Firstgas Group supplies the energy needs 
of 430,000 New Zealanders. Our pipelines generate 
jobs and value for New Zealand by supporting the 
meat, dairy, steel, petrochemicals and pulp and 
paper sectors. We are committed to ensuring we 
play our role in providing energy to New Zealanders 
in a zero carbon world and see hydrogen as an 
exciting prospect to unlock low-carbon solutions 
for future industry, transport and heating needs.

As a member of the Climate Leader’s Coalition, 
Firstgas Group has committed to reducing our scope 
1 and 2 emissions by 30% by 2030. We are doing 
this by making improvements to our compressor 
fleet, which is our largest source of emissions by far. 
This includes investigating the use of zero carbon 
gases like hydrogen as a fuel for gas compression.

For over two years, Firstgas has had a dedicated 
workstream investigating low carbon gases, such 
as hydrogen, biogas, and bioLPG. Developing 
these technologies will help us provide low 
emissions options for our customers in the future, 
while retaining the benefits of gas provided via 
existing pipeline networks in New Zealand.

This study is the first step in a programme of 
work we will be undertaking to prove that our 
pipelines can be converted to hydrogen and to 
make that conversion happen. This study helps 
us get clarity over what we need to do to ensure 
that our networks can transport hydrogen as 
demand ramps up over the coming years and 
informs our next steps in this programme.

Our customers and stakeholders need to be 
part of New Zealand’s journey towards zero 
carbon gases. We’re pleased to say that they 
have had a lot of input into this study. They have 
helped us scope the scenarios for conversion, 
providing their valuable time and expertise. 

We’d like to thank all of those involved to date. 
We will call on you again as this is just the start.

We have also been fortunate enough to have the 
support of the Government which contributed 
50% of the funding required for this study, 
through the Provincial Development Unit. 
This backing from the Government has been 
invaluable in supporting the study and helping 
us connect with government stakeholders. 

I’m excited to be presenting this report to you 
as I see this work as crucial in setting Firstgas 
Group up for the future. The Firstgas Group 
team is a bright bunch of individuals with a huge 
amount of passion for supplying New Zealand 
with energy. The opportunities to decarbonise 
our gas networks are simply too big to ignore 
We’re up for the challenge presented in this 
report and we want to have you alongside us.

FOREWORD

NGĀ MIHI NUI
PAUL GOODEVE

OUR GOAL: 30% REDUCTION IN 
EMISSIONS BY 2030...

FIRSTGAS GROUP IS BRINGING 
ZERO CARBON GASES TO AOTEAROA...
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EXECUTIVE 
SUMMARY01  

Firstgas Group supports 
the decarbonisation of 
New Zealand’s energy 
sector. As a member of 
the Climate Leader’s 
Coalition, we are 
committed to leading the 
decarbonisation of New 
Zealand’s gas networks 
with low emissions 
technology and to 
provide our customers 
with zero carbon gas.
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We see transitioning to lower emitting gases as an 
essential step in New Zealand’s decarbonisation. 
That’s why we have a dedicated programme of 
work to investigate zero carbon gas options, such 
as hydrogen, biogas, and bioLPG. We believe that 
New Zealand’s energy future will be a combination 
of renewable electricity and zero carbon gases 
that can meet all of our varied energy needs; 
from vehicles, to homes, to restaurants, to steel 
production, to electricity generation at peak times 
supported by large scale, long-term energy storage.

This study has progressed our understanding of 
how Firstgas Group can prepare for hydrogen use 
as part of New Zealand’s energy future. The work 
allows us to confirm the feasibility of converting 
Firstgas pipelines to hydrogen — initially as a 
blend, and then to 100% in the future if required. 
We have gained a better understanding of the 
likely challenges in this conversion process 
and have designed an indicative programme of 
future work for converting the gas network. 

This study builds on technical and economic 
modelling work carried out overseas and considers 
this work in the New Zealand context. Figure 1 
below summarises the hydrogen pipeline feasibility 
study process and intended future sequencing of 
hydrogen trials and blending within the gas network.

We’ve investigated what New Zealand’s 
hydrogen future could look like and 
how our network can play its part. 

This study concludes that the use of the existing 
gas pipeline network to transport hydrogen 
throughout the North Island is technically feasible 
and can make a valuable contribution to carbon 
emissions reductions. This report also describes 
further steps that need to be taken to progress 
towards the introduction of hydrogen into the 
natural gas network later this decade, with 
more detail provided in the full study report.

The future role of hydrogen in New Zealand’s 
economy and the potential future demand for 
hydrogen were investigated through three distinct 
scenarios, each representing a variation of a 
decarbonised New Zealand energy sector by 
2050. These scenarios are outlined in Figure 2 
and are described in detail in the full study report.

Figure 1: Firstgas hydrogen network trial and conversion stages
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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 power 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 customer choice, which will influence 
the type of low-carbon fuels and technologies 
that will prevail in the coming decades.

All of the scenarios used in this study are based 
on the assumption that hydrogen demand is met 
entirely with green hydrogen. While other zero 
carbon sources of hydrogen may emerge over 
the time frames considered in this report (such 
as blue hydrogen which involves capturing and 
storing the carbon created by reforming natural 
gas into hydrogen), this report has focused on 
a green hydrogen pathway for New Zealand. 

In the context of these scenarios, 
the study 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 and; 

 —  The cost of generating green hydrogen and the 
changes required to allow transportation and use 
of natural gas/hydrogen blends and hydrogen.

The results presented in this summary report focus 
on the Integrated Energy System scenario, which 
was selected as the focus of the analysis in the full 
study report. The implementation of this scenario 
has the potential to bring the greatest economic 
and operational benefits for New Zealand’s energy 

Figure 2: The study scenarios

DECARBONISED
ENERGY SECTOR

OUR ENERGY SCENARIOS
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Figure 3: How hydrogen supports a 100% renewable electricity system

Decarbonising transport 
applications that are not well 

suited to electricity, such 
as heavy vehicles, marine, 

aviation.

Removing the need 
to overbuild renewable 
electricity generation in 
order to achieve a 100% 

renewable electricity grid.

Allowing on-demand 
power generation to 

support the intermittency of 
renewables when the dams 

are low, the wind isn’t 
blowing or the sun isn’t 

shining.

Providing inter-seasonal 
and inter-year storage 

of energy to support the 
electricity system in dry 

years when the dams 
remain at low levels.

Decarbonising industrial 
energy uses that are not 
well suited to electricity, 
such as steel, cement, 

chemicals.

future and has a wide range of implications for 
the use of gas infrastructure. Since this scenario 
requires the most significant changes to the existing 
gas network to accommodate energy needs, being 
ready for this scenario will set us up well to manage 
the transportation of hydrogen in other scenarios.

Hydrogen can play a significant role 
in decarbonising New Zealand’s 
integrated energy system. 

The study identifies the potential for hydrogen to 
decarbonise high temperature process heat and 
heavy transport, and to provide an energy storage 
vector that supports a 100% renewable electricity 
system. These uses are sometimes referred to as 
generating ‘hard to abate’ sources of emissions 
because the direct use of renewable electricity 
does not provide a realistic option for reducing 
emissions. The potential roles for hydrogen within 
the energy system are shown in Figure 3.

Maximizing the use of hydrogen in these applications 
delivers significant carbon reductions. The study 
estimates that hydrogen would contribute 
8 Mt CO2/yr of emissions reductions in 2050 from 
a baseline of energy sector emissions of 32 Mt CO2/
yr in 2018 – removing one quarter of New Zealand’s 
energy system emissions. Other emissions 
reductions of 6 Mt CO2/yr come from reduced 
demand (energy efficiency), 11 Mt CO2/yr from direct 
electrification and 5 Mt CO2/yr from bioenergy.

The switch from coal, oil and natural gas to 
hydrogen, renewable electricity and biofuels, 
together with the overall reduction in energy 
demand, results in near zero energy sector 
emissions in 2050, as shown in Figure 4.

A RANGE OF ENERGY CHOICES GIVES 
NZ THE BEST ECONOMIC BENEFIT

ACHIEVING 2050 GOAL REQUIRES ZERO 
CARBON GAS, RENEWABLE ELECTRICITY 

AND A DECREASE IN ENERGY DEMAND

HYDROGEN'S ROLE IN DECARBONISING OUR ENERGY
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Figure 5: Indicative hydrogen conversion strategy timeline

Figure 4: Contribution of carbon 
emissions reductions from 
today’s baseline to 2050
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The expected cost of hydrogen is within the range of 
expected costs for other fuels—but higher than most 
energy costs incurred today. The study estimates 
the cost of producing hydrogen will fall to  $3.26/
kg 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).

Using the existing Firstgas network to transport 
hydrogen improves its overall economics by 
avoiding the need to compress hydrogen for 
transport in a tube trailer or make a chemical 
conversion (e.g. ammonia) to transport 
hydrogen as a liquid1. These steps both incur 
additional penalties in terms of energy losses 

and additional costs. Pipeline transportation 
also avoids truck movements and therefore has 
safety advantages and is a more environmentally 
friendly method 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, export 
production and industrial use with the ability to feed 
the surplus hydrogen produced into gas networks. 
Used in this way, gas network connections enhance 
the economic viability of hydrogen production 
as part of multi-use hydrogen ‘hubs’, rather than 
relying on a single use case for hydrogen.

1  https://www.iea.org/reports/the-future-of-hydrogen

FIRSTGAS GROUP TARGET IS A 20% BLEND OF HYDROGEN 
STARTING 2030 WITH 100% STARTING 2035
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Figure 6: Projection of annual hydrogen demand
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We have sufficient network capacity and a 
viable strategy for converting the networks to 
hydrogen blends and then 100% hydrogen.

The study modelled demand growth in hydrogen 
increasing from an initial transport load that builds 
in the 2020s, with blending into the gas network 
starting at scale from 2030. This work suggests 
that the network could be 20% hydrogen by 2035, 
with a move to full hydrogen by 2050 supported 
by large scale storage of hydrogen in Taranaki to 
provide inter-seasonal and inter-year flexibility for 
the energy system. Starting 2035 the network would 
be progressively converted to 100% hydrogen 
from the end of the network back to Taranaki as 
hydrogen demand grows. Working inwards in this 
manner means we could keep supplying natural gas 
to users in Taranaki as hydrogen demand grows. 

We’ve shown this indicative conversion time line 
in Figure 5. This is a good start to show what’s 
possible, but it is important to bear in mind that 
other sequences and timings are possible that 

might meet other energy system needs. For 
example, if hydrogen storage was required to 
support a fully renewable electricity grid from 
an earlier date then this would be feasible 
and may change the dates for progressing 
other elements of the conversion strategy.

To understand if our assets can facilitate the 
level of hydrogen demand estimated, the study 
explored whether our gas networks could deliver 
the energy and volume of hydrogen required 
safely – within pressure, flow and velocity limits. 
The study found that the transmission system 
(long distance, high pressure gas transportation 

•  Live distribution blend trial
•  Off-grid test infrastructure
•  Live 100% distribution trial
•  Live transmission trials

GAS TRANSMISSION AND
DISTRIBUTION PIPELINES

Building Experience 
with Hydrogen (2022)

•  Hydrogen storage
•  Commercial arrangements

•  Research Hub
•  Public acceptance
•  Regulatory change

Building the Hydrogen 
Value Chain (2021-)

•  Conversion safety assessment
•  Conversion strategy review
•  Network modifications
•  Operating procedures review

Led by Firstgas

Led by other stakeholders

Later Phase Activities
(2025-)

•  Consumer equipment
 assessments
•  Network material
 assessments

Confirming network 
characteristics (2021)

KEY

Figure 7: Hydrogen programme focus areas

NZ CAN ACCESS BLENDED ZERO 
CARBON GAS THROUGH MOST EXISTING 

NETWORKS AND APPLIANCES

ExECUTIvE SUMMARY12              HYdROGEN FEASIBILITY STUdY – SUMMARY REPORT



network) has enough capacity to transport the 
projected energy demand as either a blend of 
hydrogen in natural gas, or entirely as hydrogen 
gas, with minimal capacity reinforcement.

However, Firstgas will need to change the 
configuration of our compressors as compression 
will be needed in different locations, since hydrogen 
production will be distributed across the network. 
Changing compressors is likely to occur during the 
already programmed renewal of our assets prior to 
network conversion to hydrogen. The introduction 
of hydrogen also creates potential for reduced 
pipeline compression needs (with associated capex 
and opex savings), since electrolysers can likely 
inject hydrogen at pressure across the network. 

The study also modelled a typical low-pressure gas 
distribution network (localised, lower pressure gas 
transportation 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 is projected to be in order of $270 million 
over the coming 30 years. While this expenditure 
is significant, the Firstgas Distribution Asset 
Management Plan already projects $100 million 
of capital expenditure over the next 10 years with 
similar (or greater) levels of investment planned on 
the other gas distribution systems owned by Vector 
and Powerco. Investments to enable hydrogen 
could be incorporated into the existing asset renewal 
programme to manage consumer cost impacts.

We think that much of the Firstgas network 
will be capable of transporting hydrogen 
blends and hydrogen without replacement. 

The study assessed the typical components of 
our transmission network for likely risks when 
operating with hydrogen blends or 100% hydrogen. 
This assessment was made based on the current 
state of international research. At this point we have 

identified some issues. The key issue of hydrogen 
embrittlement of high-strength steel potentially 
applies to around one third of our transmission 
network. This and other issues are being actively 
investigated in overseas research programmes. 
We therefore expect that some of these technical 
issues are likely to be resolved as more work is 
done on gas pipelines overseas and by the forward 
Firstgas research, development and demonstration 
(RD&D) programme set out in this summary report. 

Of particular relevance here in New Zealand is 
the body of work being undertaken by the Future 
Fuels Cooperative Research Centre (FFCRC) in 
Australia. The FFCRC 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. Their RP3 Network lifecycle 
management programme is a 30+ topic research 
stream focusing on quantifying and combating 
key issues of equipment material compatibility 
and performance under hydrogen service. A key 
focus of this research is the issue of hydrogen 
embrittlement and the FFCRC is setting up large 
scale research test facilities to test the effect of 
hydrogen on transmission pipeline material. 
Firstgas is a member of the Australian Pipeline 

and Gas Association (APGA) who partly fund 
the FFCRC, which allows us to participate in this 
research programme and access the findings of the 
work. We aim to leverage this connection to ensure 
that we can both influence the direction of the 
programme and potentially provide representative 
samples of existing pipeline materials for testing.

Hydrogen production opportunities are large 
and dispersed across the Firstgas network.

The Firstgas network is designed to transport 
gas from Taranaki to users across the North 
Island. Hydrogen changes that dynamic as 
hydrogen can be produced across the island. 
This means that the compressors will work in 
a different way and gas will potentially flow in 
different directions. Also, as the study assumes 
that electrolysers will discharge at high pressure 
into the network, the Firstgas compressors will 
have less work to do – saving on operating 
expenditure. 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 estimated in the 
study is significant. Hydrogen demand in 2050 
is projected to be 42 TWh and this will need 

2 Equivalent to approximately 2,000m3/hr or 178 tonnesH2/hr production capacity.
3 https://www.nationalgrid.com/uk/gas-transmission/insight-and-innovation/transmission-innovation/futuregrid

FIRSTGAS GROUP IS LEADING THE WAY 
BY STAYING ABREAST OF INTERNATIONAL 

DEVELOPMENTS AND LEADING NZ INDUSTRY

HYDROGEN CAN BE PRODUCED ANYWHERE, 
SUPPORTING LOCAL ECONOMIES

HYDROGEN CAN BE STORED AT SCALE, 
MEANING LESS INVESTMENT TO PRODUCE
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8.5 GW of electrolyser capacity2 and use 50 TWh 
of electricity. This would require the addition of 
around 28 GW of electricity generation capacity by 
2050. While this is more that the new generation 
capacity required in Transpower’s Whakamana 
i Te Mauri Hiko report, our study also study 
encompasses greater decarbonisation as more 
energy requirements are decarbonised, particularly 
in high temperature process heat and heavy 
transport. Importantly, the required generation 
investment to produce hydrogen is less than if all 
energy end uses are electrified (which the study 
estimates would require 32 GW of new generation 
capacity). This is because hydrogen enables energy 
to be stored at scale, storing hydrogen produced 
off-peak for use during peak demand periods. 

Our consultants estimate the cost to build the 
electrolyser capacity at around $3.3 billion by 2035, 
with an additional cost of $11.6 billion from 2035 to 
2050. We view this as the upper bound of electricity 
generation and electrolyser build out to produce 
large amounts of hydrogen. However, many of the 
hydrogen storage and energy system integration 
benefits would still be realised with lower levels of 
electricity generation and hydrogen production.

Our results set a good foundation to 
define the forward programme. 

To prove reliable and safe operation of our pipeline 
networks with hydrogen, we need to regularly 
review worldwide research and adopt results where 
practicable. Some of this work, like the HyNTS 
programme currently underway in the United 
Kingdom3, involves removing components of their 
network from service and testing them for hydrogen 
blends and 100% hydrogen in an off-grid facility. 
These programmes will give us a realistic view on the 
likely performance of our similar network componentry 
of a similar age. There will be gaps, which will need 
to be addressed by New Zealand specific research 
and demonstration. While many of our components 
are similar to overseas networks, they may not be 
identical or the operating conditions may differ. 
To successfully convert our pipeline networks, 
a programme of activities will need to be 
undertaken. Some of these activities are 
directly related to assuring the components 
of our network work with hydrogen. 

Others relate to equipment owned by third parties 
or the need to set up appropriate commercial 
and regulatory regimes. We see Firstgas Group 
as the natural leader for work relating directly 
to our network assets, but think that other 
stakeholders are best placed to lead hydrogen-
related work in the wider energy sector. The 
work programme is set out in Figure 7.

FIRSTGAS INTENDS 
TO START WORK 
STRAIGHT AWAY

01
Preparing a full inventory 
of appliances connected 
to our networks and those 
of other network operators 
to understand RD&D and 
conversion requirements.

Consumer equipment assessments:

02
Undertaking a detailed 
materials assessment of 
our networks and those of 
other network operators 
to understand RD&D and 
conversion requirements.

Materials assessments:

04
Building understanding 
of the options for storing 
hydrogen at various 
scales, the maturity of 
these options and the 
RD&D required to mature 
the technologies.

Hydrogen storage scoping work:

03
Final network 
selection and 
execution of a 
hydrogen blend in 
a live network.

Live distribution blend trial planning:

05
Developing an 
understanding of changes to 
commercial arrangements 
that will be needed to 
introduce hydrogen blends 
into the network post trials.

Commercial arrangements scoping work:
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When launching this study, we said 
we believed realising a hydrogen 
economy will be a collaborative effort. 
Our findings support this view. We 
see the role of Firstgas Group as 
facilitating the programme to convert 
the gas network to hydrogen, while 
others can join us in developing other 
parts of the hydrogen ecosystem. 

This collaboration will ensure New Zealand is 
well placed to roll out hydrogen as a part of its 
approach to energy sector decarbonisation.

THIS STUDY IS A 
GOOD FIRST STEP

Alongside this work, we will also actively monitor 
the progress being made on gas network trials 
overseas and will incorporate the findings of that 
work (as applicable) into our programme. We will 
also continue to participate in the Australian FFCRC 
programme through our membership of APGA. 

We would like to see other parties 
working on the following as a priority: 

 — Establishing a research hub: providing 
a central clearing house for international 
research to allow this to be quickly understood 
and assimilated by stakeholders. 

 — Reviews of the regulatory regime: end to 
end assessment of all potential regulatory 
barriers to hydrogen uptake and an action 
plan to create a facilitative regime. 

 — Building public acceptance: providing 
impartial, factual information to the public 
about the potential uses of hydrogen, safety 
impacts and how it will impact them. 
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02  
INTRODUCTION

In May 2019, Firstgas Group 
announced our intention to explore 
how hydrogen might be used in 
our existing gas pipeline networks 
as part of a low carbon energy 
system in New Zealand. This report 
and the accompanying technical 
study from Aqua Consultants and 
Element Energy, document the 
work completed to establish and 
inform our trial programme.
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2.1  ABOUT OUR CONSULTANTS 
Element Energy is a low carbon energy economics consultant firm based in London. They have 
significant experience in the analysis of hydrogen projects and are involved in the Hy4Heat study4 
and the Gigastack project5 among a wide range of work they have done for public and private sector 
clients throughout Europe. This economic expertise is complemented by the practical engineering 
expertise provided by Aqua Consultants. Aqua have been integral to numerous UK gas transmission 
innovation projects in the hydrogen and new energy space, such as the Leeds H21 project6.

2.2  FOCUS OF THIS WORK
The focus of this work is to better understand 
how existing natural gas infrastructure might 
be used to transport hydrogen from where 
it is produced to where it is required. 

While natural gas today provides over 20% of 
New Zealand’s primary energy supply7, hydrogen 
has the potential to decarbonise more parts of 
the economy than are currently fuelled by natural 
gas, such as vehicles like trucks, trains, ferries 
and planes. To stimulate discussion on the role of 
hydrogen in New Zealand’s zero carbon future, 
the Government released its Vision for Hydrogen 
in New Zealand Green Paper in 2019.8 

The study Firstgas has commissioned aims 
to help improve our understanding on how 
pipeline infrastructure can help realise this 
vision. Firstgas’ extensive pipeline network in 
the North Island reaches all major centres. This 
creates the opportunity for existing infrastructure 
to play a substantial role in decarbonising 
New Zealand’s energy system through: 

 — Storage in our pipeline network to support 
intraday/daily and weekly energy flexibility; 

 —  Connection to large scale hydrogen storage for 
seasonal flexibility; 

 — Low-cost transportation of hydrogen as a 
transport fuel;

 — Systems to manage specification, measurement 
and gas safety;

 — Commercial chain of custody between hydrogen 
producers and users;

 —  Enabling ‘hard to treat’ industrial users the ability 
to decarbonise by providing zero emission gas to 
their site; and

 —  Management of hydrogen blends prior to 100% 
hydrogen operations commencing.

2.3  STUDY PROCESS
This work 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 NZ 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 two, four-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.

The study team took this information away to 
develop the hydrogen scenarios. We set up further 
meetings with other stakeholders focused on 
specific topics. This allowed for ground-truthing 
of the scenarios and testing of 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 system. 

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 NZ following 
their initial visit. However, they were able to 
complete the study with only limited delays.

4 https://www.hy4heat.info/ 
5 https://gigastack.co.uk/ 
6 https://www.h21.green/projects/ 
7 Gas Industry Company, 2016, NZ Gas Story, p6. https://www.gasindustry.co.nz/about-the-industry/nz-gas story/document/5806 
8 https://www.mbie.govt.nz/building-and-energy/energy-and-natural-resources/energy-strategies-for-new-zealand/a-vision-for hydrogen-in-new-zealand/
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2.4  REPORT STRUCTURE
This report is set out with the following sections: 

 — 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 will need 
to test to undertake conversion of the network. 

 — Our next steps – what we will need to test, who 
we need to engage with and what we should 
investigate first.

This summary report highlights the key 
elements of the full study report, which can be 
found on our website www.firstgas.co.nz
  
We invite you to contact us if there is something you 
would like to know more about. Please contact:

comms@firstgasgroup.co.nz
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03
FUTURE
HYDROGEN
DEMAND

The study considered three 
scenarios for the potential future 
demand for hydrogen - each 
representing a variation of a 
decarbonised New Zealand 
energy sector by 2050.
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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 customer choice, which will influence 
the type of low-carbon fuels and technologies 
that will prevail in the coming decades.

All of the scenarios used in this study are based 
on the assumption that hydrogen demand is met 
entirely with green hydrogen. While other zero 
carbon sources of hydrogen may emerge over 
the time frames considered in this report (such 
as blue hydrogen which involves capturing and 
storing the carbon created from reforming natural 
gas into hydrogen), this report has focused on 
a green hydrogen pathway for New Zealand.

In this summary report we present the results of the 
Integrated Energy System scenario, which assumes 
that Government policy and network economics 
drive the integration of the power and gas sectors 
to deliver a balanced low carbon energy supply 
system. In this scenario, surplus renewable power 
is stored as hydrogen and used for industrial and 
transport needs, as well as being reconverted 
to power when required to support the grid.

This scenario was chosen as the focal point for 
our work since it has wide ranging impacts on the 
use of the gas pipeline system. If we are prepared 
for that scenario to play out, then we believe we 
can confidently facilitate the use of hydrogen 
under other plausible scenarios. This scenario also 
performed best when assessed against the World 
Energy Council’s Energy Trilemma objectives 
– delivering on energy security, energy equity 
and environmental sustainability outcomes.9

This section provides an overview of energy demand 
under this scenario, the main uses and possible 
costs of hydrogen over the 30-year time frame 
analysed and summarises the resulting carbon 
emissions from the energy sector in this scenario.

3.1  ENERGY DEMAND IN 2050
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 and for 
dry-year storage. Natural gas demand to produce 

Figure 8: The study scenarios

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 power system and a 100% 
hydrogen gas network operate 

as an integrated system.

DECARBONISED
ENERGY SECTOR

OUR ENERGY SCENARIOS
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methanol in New Zealand 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 the appendices of the full study report.

A comparison of the energy demand and fuel 
mix in 2020 and 2050 in the study is provided in 
Figure 9. This shows final energy consumed by 
sector. The demand for hydrogen and natural gas 
in this scenario is summarised in Table 1 below.

In this scenario, fossil fuels are replaced by 
electrification and conversion to hydrogen in 
relatively equal proportions. In fact, as a result of the 
similar expected cost of electricity and hydrogen, 
we expect the two energy vectors to be used 
according to their technical suitability and assume 
they are complementary and interchangeable.

3.2  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 a network of hydrogen 
refuelling stations. Electrolysers will be built at 
refuelling 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 blending of gas into the 
gas network is assumed – reaching 20% by 
2035. 

Sector Fuel type
Demand

Comments
2020 2050

Energy

Natural gas 24 TWh
(85 PJ)

9 TWh
(32 PJ)

Significant reduction from 2020: 
Remaining demand predominantly 
in methanol production

Hydrogen 0 TWh 40 TWh
(143 PJ) New supply across all sectors

Process feedstock

Natural gas 14 TWh
(51 PJ)

14 TWh
(51 PJ)

Largely unchanged from 
2020. Demand from methanol 
and urea production

Hydrogen 0 TWh 1.2 TWh
(4.3 PJ)

New supply for iron reduction 
at Glenbrook Steel Mill

Electricity 
generation

Natural gas 11 TWh
(41 PJ) 0 TWh Natural gas CCGTs replaced 

by renewable generation

Hydrogen 0 TWh 0.16 TWh
(0.6 PJ)

Hydrogen gas turbines 
supplement renewable generation

Table 1: Demand for hydrogen and natural gas

HYDROGEN COMPLEMENTS AND 
EXTENDS ELECTRIFICATION
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2020

2050

Transport Industry

Household

Commerce

Primary

Feedstock etc

38% 37% 11% 9% 5%

Transport Industry

Household

Natural Gas: 24TWh               Hydrogen 41TWh

Natural Gas 38TWh               Hydrogen 0TWh

Commerce

Primary

Feedstock etc

26% 43% 14% 12% 5%

OilHydrogenElectricity GasBiofuel GeothermalCoal

Energy: 166TWh
Feedstock: 
17.5TWh

Energy: 142TWh
Feedstock: 
15.3TWh

Figure 9: Final energy demand by fuel in 2020 and 2050
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Figure 10: Projection of annual hydrogen demand

ANNUAL HYDROGEN 
DEMAND PROJECTION

 — Starting in 2035 the gas network will be 
converted sequentially to 100% hydrogen and 
there will be large scale storage of hydrogen 
available (assumed to be operational from 2045). 
Hydrogen demand from users connected to the 
gas grid in 2050 will account for roughly 50% of 
overall hydrogen demand in New Zealand. 

The growth in total hydrogen demand over the 
period from 2020 to 2050 is shown in Figure 10.

3.3 HIGH-LEVEL ECONOMIC 
ASSESSMENT OF HYDROGEN 
DEMAND
The study developed a detailed economic 
assessment to evaluate the role of hydrogen 
in New Zealand’s energy system from an 
economic perspective. This work included 
estimating the costs of infrastructure conversion 
and operating hydrogen production facilities to 
develop indicative hydrogen resource costs. 

The results of this economic analysis are presented 
in Figure 11. The largest contributor to the cost 
of hydrogen is the cost of electricity, followed by 
capex and opex costs of the electrolysers used 
to produce hydrogen. “Other” costs including the 
cost of implementation and operation of the inter-
seasonal storage and the cost of water for the 
electrolysers are relatively minor in comparison.

The forecast of the 2050 electricity costs 
for dedicated renewables is $61 /MWh (real 
terms 2020), which is based on the long run 
marginal cost of wind generation. The study 
assumes that using a mixed supply and 
allowing hydrogen to be generated to storage 
from renewable spill through the grid, reduces 
the 2050 electricity cost for hydrogen by 
10% to $55 NZ$/MWh (real terms 2020).

The study also compares expected hydrogen 
costs with other studies and with estimated future 
costs of natural gas (which is the alternative 
fuel in many cases). This analysis is shown in 
Figure 12. These comparisons suggest that the 
future hydrogen costs used in the work, fall within 
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the range of other studies, being higher than 
those used for the Australia Hydrogen Roadmap 
but lower than Castalia’s work for MBIE on 
hydrogen costs in New Zealand. The analysis 
also suggests that hydrogen would be a lower-
cost option than natural gas in a high gas cost 
scenario – where wholesale gas costs $19.50/
GJ and the carbon price increased to $200/tCO2.

The purpose of these estimates is not to predict 
the future price of hydrogen. Since large-scale 
hydrogen production and distribution is not 
yet commonplace around the world, costs are 
expected to decline over coming decades – 
although the rate and level of those cost decreases 
is highly uncertain. The purpose of estimating 
these costs for this work is to demonstrate that 
expected costs are within the range that would 
support the deployment of hydrogen at scale.

Figure 11: Annual hydrogen cost in NZ$/kg
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10 Exchange rate of NZD/AUD of 1.1

Figure 13: Contribution of carbon emissions 
reduction from today’s baseline to 2050
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Figure 12 Cost of hydrogen compared with other studies 
and natural gas estimates

3.4 ENERGY SECTOR CARBON 
EMISSIONS IN 2050
The impact on carbon emissions with the shift in the 
fuel mix is shown in Figure 13. The switch from coal, 
oil and natural gas to hydrogen, renewable electricity 
and increased use of biofuels, together with 
overall demand reduction, results in energy sector 
emissions being reduced to near zero and a small 
amount of residual emissions in 2050, attributable 
to remaining natural gas use in the industry sector.
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04
PROJECTIONS AND 
IMPLICATIONS OF 
HYDROGEN SUPPLY

Ramping up hydrogen production 
capacity to meet the hydrogen 
demands estimated in the study will 
present a significant challenge and 
investment requirement. In this section 
we consider the hydrogen production 
infrastructure required to meet the 
demand, based on the assumption 
that all hydrogen demand is met with 
green hydrogen. We also outline 
how this interacts with the electricity 
system and impacts on water usage.
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4.1  HYDROGEN SUPPLY SOURCES
To assess the hydrogen production requirements, 
the study developed an hourly model of hydrogen 
and electricity supply and demand out to 2050. 
If hydrogen is produced 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. 

Based on projected hydrogen demand, the hourly 
model allowed estimation of the following:

 — Required electrolyser capacity

 — Required hydrogen storage

 — Electricity demand due to hydrogen production

 — Electricity generated from hydrogen

 — Water usage

We assume that renewable energy spilled at 
times of low electricity demand will be used 
to make hydrogen which is stored for later 
use. This increases the capacity factor of the 
electrolyser and the renewable generation and 
reduces the production capacity required for 
both hydrogen and electricity. Both these factors 
reduce the cost of hydrogen and electricity.

The operation of the large-scale storage to meet 
demand alongside hydrogen production is shown 
in Figure 15 overleaf for three time-scales: over the 
year, over the peak demand month and during the 
peak day. These graphs demonstrate how hydrogen 
is contributing to our energy system flexibility.

The electrolyser capacity will be built up over 
time as the hydrogen demand increases. The 
total electrolyser capacity reaches 8.5 GW (178 
tonnesH2/hr) by 2050 as shown in Figure 14 
alongside average utilisation. The build is relatively 
slow over the period to 2035 as hydrogen is 
only present in the network at up to a maximum 
20% blend. It increases more rapidly in the 
decade to 2050 as the network converts fully to 
hydrogen supply. The impact of the large-scale 
storage coming online in 2045 can be seen by 
the sharp increase in electrolyser utilisation. 

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 gigawatt 
per year market expected to develop in the 2020-
2025 period, hence gigawatt-scale installed capacity 
by 2050 in New Zealand is not unreasonable.12

Figure 14: Build-up of electrolyser capacity and utilisation of the installed capacity
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12 https://publications.jrc.ec.europa.eu/repository/bitstream/JRC115958/kjna29695enn.pdf

ELECTROLYSER CAPACITY AND UTILISATION
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Figure 15: Hydrogen production by electrolysers and operation of storage to meet 
demand – annual, peak month and peak day timescales
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The large-scale hydrogen storage facility required 
is assumed to be located in Taranaki using 
a depleted oil and gas reservoir. The rate of 
withdrawal required to meet modelled demand 
is 4 GWh (15 TJ/h), which has been applied as 
a cap on the maximum rate at which hydrogen 
can be fed into the network from the large-scale 
store. This is larger than the current capacity 
at the Ahuroa gas storage facility of 2.7TJ/h.

Hydrogen storage has been sized at 5TWh (18PJ) 
such that hydrogen can be used to generate 
electricity to meet peak power sector demands and 
to provide dry year resilience. 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 
16 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 store is not fully 
depleted during the winter period even in a dry year, 
despite a rapid draw-down on the stored hydrogen.

The study assumes that supply of hydrogen 
will develop in step with the demand created 
in different sectors as they develop:

 — 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 are shown 
in the left panel of Figure 17). 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. It is assumed that the locations of 
the electrolysers would build on the hydrogen 
transport infrastructure (as shown in the middle 
panel of Figure 17).

 — From 2040 the gas network will be 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 17. This assumes large 
scale storage of hydrogen in Taranaki.

Figure 16 Variation of large-scale storage under average and dry year conditions
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Figure 17 Locations of refuelling stations and electrolyser sites

Refuelling station ‘hub’ locations 
– sites for onsite electrolysers to 
meet transport demands.

Electrolyser locations in 2035 
– additional sites for injection 
of hydrogen into the transmis-
sion 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.

Electrolyser locations have been determined to 
ensure that the peak demands on the gas network 
can be met without encountering any network 
constraints, such as unacceptable pressure drops. 
The study assumes 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 at dispersed 
locations around the network is expected to 
have a beneficial impact on the requirement 
for pipeline network compressors. Additional 
compressor stations will still be required, but 
the duty on the compressors should be reduced 
potentially resulting in reduced operating costs 
compared to the current natural gas network.

4.2  ELECTRICITY SYSTEM 
IMPACTS OF HYDROGEN SUPPLY
The study modelled the interactions between the 
hydrogen production system and the electricity 
system using a 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) is 
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 was 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. Annual 2050 hydrogen and electricity 
demand is shown in Table 2. The electricity 
demand is similar to that in the WiTMH ‘Mobilise 
to Decarbonise’ and ‘Tiwai Exit’ scenarios.

Demand in 2050
(TWh)

Hydrogen 41.5

Electricity* 63.2

Table 2 2050 hydrogen and electricity demand

*Excludes demand for hydrogen production through electrolysis
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The study includes a relatively 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).

In line with WiTMH, the study represents a 
significant increase in electricity demand compared 
to today - requiring growth in the electricity 
generation capacity and phasing out of fossil fuel 
generation 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 is shown in Figure 18, with demand from 
electrolysers accounting 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 is shown in Figure 19. The capacities of 
hydro and geothermal generation are taken from 
the Whakamana i Te Mauri Hiko (WiTMH) report 
projections with the capacity of wind, solar and 
other generating plant 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, that 
are assumed to be retired over the period to 2050 
and dispatchable renewable generation (such as 
biomass) after that point. In this analysis 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 by 2050. However, the required 
generating capacity is less than would be needed 
if all energy uses were directly electrified. 

This is because hydrogen storage allows use wind 
and solar plant more efficiently in two ways:

 — Generating hydrogen at times when wind and 
solar are available but there is no electricity 
demand stores energy that would otherwise have 
been wasted and increases utilisation of the 
generation plant

 — Generating electricity using hydrogen at times 
of peak demand reduces the requirement for 
additional wind and solar generation capacity to 
cover peak times. 

0

20252020 2030 2035 2040 2045 2050

ANNUAL ELECTRICITY DEMAND (TWh/Y) 

Electrolyser demand Power sector demand

42 43 49 60 77 96 114

Figure 18 Growth of total electricity demand
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The amount of generation capacity required is 
significantly larger than the generation capacity 
forecasts in the WiTMH report. This is because our 
study includes a significantly larger final energy 
demand, which is supplied either directly or by 
hydrogen generated by electrolysis. The additional 
final energy demand comes from greater penetration 
of hydrogen in 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 energy compared with the WiTMH study.

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.

The study also considers further coupling between 
the power and hydrogen sectors, particularly once 

a large-scale hydrogen storage facility is available. 
Here hydrogen is 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 the 
conversion of existing plant. As shown in Figure 
19 generation by hydrogen CCGTs can meet all 
peaking plant requirements in the power sector 
in 2050 (the hydrogen 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.

WiTMH estimates the dry year risk to be a 
shortfall of available generation of around 8 TWh 
compared to power sector demand over the winter 
period. The study 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. The results show that a combination 
of additional renewable generating capacity and 
hydrogen CCGTs could potentially fully address 
the dry year issue. This requires additional 
hydrogen CCGTs capacity of 8.2 GW which would 
allow the storage shown in Figure 16, to be and 
replenished in the following year. The study has 

Hydro Geothermal Wind Solar Other H2CCGT

ELECTRICITY GENERATION  STACK (GW)

TODAY 2050

41.413

Figure 19 Installed electricity generation capacity today and in 2050
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Figure 20: Annual water consumption for electrolysis

not modelled additional storage in the electricity 
system as it was not necessary. Successive 
dry years have also not been modelled.

4.3  WATER CONSUMPTION 
FROM HYDROGEN SUPPLY
Water demand for the operation of Polymer 
Electrolyte Membrane (PEM) electrolysers is around 
12 litres of potable water per kg of hydrogen, 
although this figure could be higher when using 
non-potable water. The water demand required for 
the electrolysis of hydrogen is shown in Figure 20, 
with annual demand increasing up to 13 million 
cubic metres of water per annum by 2050.

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, or

 — 8% of the current freshwater demand of the city 
of Auckland, or

 — ~0.1% of the current national maximum 
freshwater demand allocation for all sectors13.

Using treated water reduces demand and efficiency 
of the process as highly purity water is required 
by the electrolyser. Water use efficiency is likely 
to improve in the future and the use of brackish 
and salt water is being developed. This will 
reduce and avoid conflict over water usage.

13  https://www.waternz.org.nz/Category?Action=View&Category_id=1001
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05
TECHNICAL 
FEASIBILITY & 
REGULATORY 
ASSESSMENT

We need to understand how 
hydrogen and hydrogen 
blends will work for our 
customers and networks. 
This study shows the 
work we need to do.
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To convert gas networks to operate on a 
hydrogen blend and ultimately 100% hydrogen, 
we need to understand and develop:

 — The ability for gas consumers to safely operate 
their equipment on blends of hydrogen and 
natural gas and adapt to safe operation on 100% 
hydrogen;

 — The ability of all components of our gas 
transmission network and all gas distribution 
networks to safely handle a blend of hydrogen 
and 100% hydrogen and deliver enough energy 
to meet demand;

 — A conversion strategy that minimises impacts on 
consumers; and

 — Regulatory changes to allow the conversion to 
hydrogen blends, and ultimately 100% hydrogen 
operations.

This section outlines the work done in the 
study as a preliminary assessment. While 
more work is required, it’s a good initial step 
that informs our future work programme and 
the actions other stakeholders can take to 
realise New Zealand’s hydrogen vision.

5.1  CONSUMER EQUIPMENT 
While we have some knowledge of the equipment 
connected to our networks, it is not complete. 
Research to date shows that most appliances (from 
boilers to home cooking) 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. We anticipate that most 
equipment will be able to be replaced in its natural 
retirement cycle as we convert the network to 
100% hydrogen. Our role is to understand what 
equipment is connected to gas networks today 
and how it will be affected by the introduction of 
hydrogen. We’ve included that in our programme.

5.2  NETWORK CAPACITY 
AND MATERIALS 
Based on the assessment of capacity, network 
components and the conversion strategy outlined 
in section 5.3, a list was developed of the required 
changes to the transmission and distribution 
networks shown in table 3 and table 4.The study’s 
key finding is that the transmission system (long 
distance, high pressure gas transportation network) 
has enough capacity to transport the projected 
energy demand as either a blend of hydrogen 
in natural gas, or entirely as hydrogen gas, 
with minimal capacity reinforcement. However, 
there will need to be changes to the compressor 
configuration. It is likely these changes can occur 
during the already programmed renewal of assets, 
prior to the network conversion to hydrogen. 
A typical distribution network (localised, lower 
pressure gas transportation network) was also 
modelled, and it was found that these networks 
are likely to be able to deliver enough hydrogen 
blends and 100% hydrogen for projected 
demands, with only minor reinforcements. 

In terms of the materials assessment, current 
research shows that HDPE components will 
be compatible with hydrogen usage. However, 
there is still work to do on the compatibility of 
steel components – particularly in relation to 
hydrogen embrittlement. Fortunately, there is a 
large RD&D work programme ongoing globally 
to address this issue and preliminary findings are 
encouraging. This is covered in more detail in 
Section 6 and our accompanying full study report.
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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 RD&D)
May require reduced MAOP for 
high strength steels (approximately 
30% of existing network) 14

No changes identified (based 
on current global RD&D)
May require reduced MAOP 
for high strength steels

Compression Reciprocating 
compressors

Compression at Mahoenui 
no longer required (reduction 
of 3 compressor units)
Modifications required to 
electrical equipment in 
hazardous areas (IECEx)

Compression at Kawerau, 
Mahoenui, Mokau and Kaitoke 
(reduction of 11 compressor 
units) no longer required
Modifications required to 
electrical equipment in 
hazardous areas (IECEx)

Valves Mainline valves No changes identified

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

Pressure 
reduction at 
delivery point

Pressure 
reduction 
stream 
components at 
delivery points

No changes identified

Replacement of regulators, 
modifications to soft seals in 
slam-shut valves (subject to the 
outcome of RD&D programmes)

Pig launcher/
receiver 
stations

Pig launchers 
/ receivers and 
associated 
pipework

No changes identified 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)

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)

Table 3 Transmission network component changes

14  High strength steel pipelines (grades X52 and above) are more susceptible to embrittlement and are the key focus area for Firstgas Group.
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DISTRIBUTION NETWORK

COMPONENT CHANGES FOR 20% BLEND CHANGES FOR 100% HYDROGEN

Pipelines Metallic mains 
/ PE mains No changes identified

Our modelling showed that 34km 
of reinforcement would be requires 
for the Hamilton distribution 
network. Extrapolating this for 
other networks We estimate a total 
of 400km of reinforcement will be 
required to deliver enough energy

Valves Isolation valves 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

Pressure 
reduction

District 
Regulator 
Stations 
(DRSs)

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

Meters

Connected 
customers 
- mixture of 
ultrasonic, 
turbine and 
bellow meters

Recalibration required 
on all meter types

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

Table 4 Distribution network components changes
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5.3  CONVERSION STRATEGY
The study developed the conversion strategy 
shown in Figure 21 based on the growth in 
hydrogen demand laid out in Section 3.2. 
The key phases of the strategy are:

 — Transport demand for hydrogen commencing in 
the early 2020s;

 — Hydrogen blending into the network from the 
early 2030s – reaching 20% by 2035; and 

 — 100% hydrogen and large-scale storage of 
hydrogen from 2035

5.3.1  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 (south Taranaki)

 — Pokuru (near Te Awamutu)

 — Rotowaro (near Huntly)

Details of the electrolyser capacity and duties 
are detailed in section 4.1. 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 22.

MILESTONE 1
Start of 1%
H2 blending

MILESTONE 2
20% H2 blending
achieved

MILESTONE 4
H2 storage starts 
operations

MILESTONE 5
All networks converted 
to 100% H2

MILESTONE 3
Commence network
conversion to 100% H2

2020 2025

2030 2035

2035

2040

2045

2050

Phase 1: Trials
Trials and conversion

planning

Phase 2: 
Blends

H2 blends up
to 20% vol

Phase 3: Conversion
Stepwise conversion of network

branches to 100% H2.

Figure 21: Conversion strategy timeline

Figure 22: Map of 20% blend conversion area
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Figure 23: Conversion of the network from 20% blend to 100% hydrogen

5.3.2  CONVERSION TO 100% 
HYDROGEN NETWORK
A conceptual conversion strategy to move from a 
20% hydrogen gas blends to a 100% hydrogen 
network was developed in the study. This entails 
converting isolated sections of the network from 
blended gas to 100% hydrogen. 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 towards 
Taranaki as this is the source of gas for New 
Zealand. This will be the final area for conversion.

The study estimates 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 equipment 
replacements within the conversion area and will 
require detailed conversion plans to be developed.

Figure 23 demonstrates 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.

5.4  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. 

The study did not attempt to design the required 
change but was limited to identifying the current 
regulation may not accommodate hydrogen or 
hydrogen blends. A summary of the analysis is 
given in Table 5 while a broader discussion of the 
policy and regulatory framework is given in the 
appendices of the full study report. We understand 
that others may be undertaking work in this area 
and this work complements those assessments. 
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Table 5: Relevant New Zealand Gas Regulations and potential areas for change

LEGISLATION /REGULATION AND OBJECTIVES REQUIREMENT FOR AMENDMENTS

The Gas Act (1992)

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.15

Gas (Safety and Measurement) Regulations 2010
These Regulations set out responsibilities 
and obligations for the safe supply of gas

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

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

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 
This Act covers storage and use of gas containers.

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. GIC 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.

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 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.

15   A review of the Gas Act was completed in 2020: https://www.mbie.govt.nz/have-your-say/amending-the-gas-act/
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LEGISLATION /REGULATION AND OBJECTIVES REQUIREMENT FOR AMENDMENTS

Gas (Switching Arrangements) Rules 2008 
These Rules codified existing arrangements that 
enable consumers to choose, and alternate efficiently 
between competing retailers through a centralised 
Gas Registry that stores key consumer information.

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

Gas Governance (Compliance) Regulations 2008 
These Regulations establish compliance processes 
and roles, including the Market Administrator, an 
Independent Investigator and a Rulings Panel, 
and allow for rules and regulations to be monitored 
and enforced to ensure the integrity of 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 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.

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.

Gas Distribution Contracts Oversight Scheme 
Principles for contract arrangements between 
gas distributors and retailers, including an 
assessment regime by independent assessors

Requires review to determine whether 
amendments are required to cover the supply 
of hydrogen and hydrogen blends.
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06
NEXT STEPS FOR 
NZ HYDROGEN 
GAS NETWORK
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•  Live distribution blend trial
•  Off-grid test infrastructure
•  Live 100% distribution trial
•  Live transmission trials

GAS TRANSMISSION AND
DISTRIBUTION PIPELINES

Building Experience 
with Hydrogen (2022)

•  Hydrogen storage
•  Commercial arrangements

•  Research Hub
•  Public acceptance
•  Regulatory change

Building the Hydrogen 
Value Chain (2021-)

•  Conversion safety assessment
•  Conversion strategy review
•  Network modifications
•  Operating procedures review

Led by Firstgas

Led by other stakeholders

Later Phase Activities
(2025-)

•  Consumer equipment
 assessments
•  Network material
 assessments

Confirming network 
characteristics (2021)

KEY

Figure 24: Hydrogen programme focus areas

This section sets out our hydrogen trial roadmap. It is based on a detailed assessment of the global 
research, development and demonstration (RD&D) landscape by our consultants, which is outlined 
in the full study report. We reviewed this programme and have developed the focus areas in Figure 
24, which match our ambition to move quickly on the hydrogen opportunity for New Zealand. 

6.1  CONFIRMING NETWORK CHARACTERISTICS

While we know a lot about our networks, we don’t 
know everything about the pipelines, equipment 
and appliances connected to all of the gas networks 
in New Zealand. We need to catalogue all the 
equipment and pipes on the networks to understand:

 — The risks associated with introducing hydrogen 
as a blend or pure hydrogen

 — Whether the equipment or pipeline is covered by 
an RD&D programme overseas

 — Whether we need to test the equipment or 
pipeline in New Zealand

 — How we can manage the introduction of 
hydrogen for customers and other networks.

In preparing the inventory of equipment connected 
to gas networks in New Zealand, we will draw 
on the lessons learned from the same exercise 
recently conducted in Australia through the 
FFCRC. That work divided user equipment into 
categories based on international experience 
operating on blends of hydrogen and natural 
gas and found that only a small number of 
equipment types (metallurgical furnaces, glass 
furnaces, and methane reforming equipment) 
had no documented hydrogen experience.

16  https://www.futurefuelscrc.com/program_area/compatibility-of-end-user-equipment-with-future-fuels-rp1-4/ 
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Firstgas will lead this work but we will need 
to partner with other network operators. 
We want to begin straight away to gather 
information to shape our RD&D programme.

6.2  BUILDING EXPERIENCE 
WITH HYDROGEN
The second focus area for our programme is to build 
experience dealing with hydrogen on our network. 
We know from overseas that trials of hydrogen 
blends on distribution networks can be deployed 
rapidly. These trials and demonstration projects 
act to build confidence in hydrogen, build demand 
for hydrogen and serve as a practical example for 
regulations and safety assessments. We want to 
select a distribution network that is blend ready (or 
nearly blend ready) to start building that experience. 
We would start with a small amount of hydrogen 
(1% by volume) and build to 20% by volume over 
the trial. We aim to kick design off in Q3 2021.

From selecting the network and doing the trial 
we’ll learn a lot about what we need to test in 
an off-grid setting. This will help us scope and 
build our off-grid testing infrastructure for the 
transmission and distribution networks. The other 
input to our off-grid R&D will be the results of 
other trials overseas. For transmission pipelines 
many of these studies will have results in 2023. 
Consequently, we’ll be able to start building the 
distribution trial infrastructure from 2022 and 
transmission trial infrastructure from late 2023.

Following a successful live distribution trial 
and successful off-grid testing of distribution 
components we’ll move to a trial of 100% hydrogen 
in a distribution network. As this will involve 
changing out appliances this will take longer and 
we’ll be able to start planning this in 2022.

Our live transmission trials are a longer-term 
programme as we need to wait for the results 
of overseas RD&D and our own off-grid testing. 
We anticipate this would start after 2023.

POTENTIAL PARTNERS INFORMED 
STAKEHOLDERS

TIMING

PROJECT 1
Consumer equipment 
assessment

PowerCo
Vector
GasNet
Nova

Retailers
Large Users
GIC
Appliance 
Manufacturers

Q3/4 2021

PROJECT 2
Pipeline materials 
assessment

PowerCo
Vector
GasNet
Nova

Ara Ake
Research groups 
(FFCRC)

Q3/4 2021

POTENTIAL PARTNERS INFORMED 
STAKEHOLDERS

TIMING

PROJECT 1
Live distribution 
blend trial

PowerCo
Vector
GasNet
Nova

Connected 
consumers
Worksafe
GIC

Q3/4 2021

PROJECT 2
Off-grid test 
infrastructure

PowerCo
Vector
GasNet
Nova

Worksafe
GIC 2022+

PROJECT 3
Live 100% hydrogen 
distribution trial

PowerCo
Vector
GasNet
Nova

Worksafe
GIC 2022+

PROJECT 4
Live transmission trials

PowerCo
Vector
GasNet
Nova

Worksafe
GIC 2023+

NExT STEPS FOR NZ HYdROGEN GAS NETWORK46              HYdROGEN FEASIBILITY STUdY – SUMMARY REPORT



6.3  BUILDING THE 
HYDROGEN VALUE CHAIN
Alongside projects on our network, there is 
significant work to do to support the development of 
a hydrogen economy. Some of the initiatives in this 
space can be progressed by Firstgas, while other 
stakeholders will need to take the lead on others.

Through our work we’ve discovered that storage 
is critical for leveraging the benefits of hydrogen 
in our energy system. Different types of storage 
suit different applications – large scale geological 
storage can help with inter-seasonal variations 
in the supply/demand balance, while pipelines, 
tanks and bottles can assist with shorter term 
fluctuations. We intend to undertake a scoping 
study that defines which technologies are right for 
which applications and what the barriers are to 
adopting these technologies. We think this will be 
helpful for researchers in identifying future research 
that will move forward hydrogen in New Zealand. 
We plan to undertake this study in Q2/3 2021.

We also think there is a gap in our thinking around 
commercial arrangements for transporting and using 
hydrogen and hydrogen blends in our network. For 
example, if we have a blend of hydrogen and natural 
gas in our network produced by two different parties 
and consumed by a single consumer, we need to 
be able to measure and bill that consumption given 
the different costs of the two products. We will 
undertake an initial study to scope this issue and 
set out a programme of work for consultation with 
industry to see who is best to lead this work in the 
future. We will undertake this work in Q2/3 2021.

Alongside our programme of work we have 
identified the following projects that would assist in 
developing the hydrogen economy in New Zealand.

 — Research Hub –We think that providing high 
quality, open-access analysis of the application 
global RD&D to New Zealand is a priority. We 
think it should be hosted outside Firstgas to 
maximise access to information.

 — Public acceptance –Firstgas will naturally 
engage with stakeholders where there is a direct 
change to gas supply, but we think others are 
best placed to provide impartial information 
to the public of the potential changes to their 
energy system. We think government agencies 
are best placed to undertake this.

 — Regulatory change – We undertook a high-level 
review in this study to identify gaps. However, 
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 we develop our testing regime and 
prior to establishing our conversion strategy and 
safety assessment. 

POTENTIAL PARTNERS INFORMED 
STAKEHOLDERS

TIMING

PROJECT 1
Hydrogen storage

PowerCo
Vector
GasNet
Nova

Worksafe
GIC Q2/3 2021

PROJECT 2
Commercial 
arrangements

–
Gas users and 
shippers
GIC

Q2/3 2021
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6.4  LATER PHASE ACTIVITIES
In the previous sections we’ve outlined the activities 
that we will start straight away. Our study also 
identified a number of other activities that will need 
to happen prior to network conversion. We anticipate 
that these will commence from 2025 and their shape 
and timing will depend on the findings of our work 
and industry developments between now and then.

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

 — Network capacity assessment – we will need 
to revise our capacity assessment prior the final 
conversion strategy to ensure we have the right 
capacity as the development of the hydrogen 
economy differs from the scenarios modelled in 
the study.

 — 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.

It’s important to note that the conversion safety 
assessment is the final safety assessment 
prior to progressing with conversion of the 
network. Naturally, we’ll be undertaking safety 
assessments as part of live trial and testing work 
in consultation with our regulators. This will help 
inform the conversion safety assessment and 
build absolute confidence in the approach.
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Useful conversions

1 PJ = 277.8 GWh

1 PJ = 8.33 kt H2

1 TWh = 3.6 PJ

1 TWh = 30.03 kt H2

1 kg H2 = 120 MJ (LHV)

1 kg H2 = 33.33 kWh (LHV)

Orders of magnitude

peta (P) = 1015

tera (T) = 1012

giga (G) = 109

mega (M) = 106

kilo (k) = 103

UNIT CONVERSIONS

Note : All prices included in this document are expressed in real NZ$ prices for the year 2020.
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GLOSSARY
AGPA Australian Pipelines and Gas Association

CCGT Combined-Cycle Gas Turbine

Capex Capital Expenditure - The expenditure used to create new or upgrade existing physical 
assets in the network, as well as Non network assets, e.g. IT or facilities

CCS Carbon Capture and Storage

DRS District Regulator Stations

FC Fuel Cell

FCEV Fuel Cell Electric Vehicle

FFCRC Future Fuels Cooperative Research Centre

GIC Gas Industry Company – New Zealand’s gas industry co-regulatory body

GJ Gigajoule (unit of energy). 109 Joules = 1,000 MJ

GW Gigawatt (unit of power). 109 watts = 1,000 MW

GWh Gigawatt hour (unit of energy). 109 watt hours = 1,000 MWh

IECEx International Electrotechnical Commission System for Certification to 
Standards Relating to Equipment for Use in Explosive Atmospheres

kg Kilogram

kt Kilotonne

LHV Lower Heating Value

MAOP Maximum Allowable Operating Pressure

MBIE Ministry of Business, Innovation and Employment

MJ Megajoule (unit of energy). 106 Joules = 1,000,000 J

MW Megawatt (unit of power). 106 watts = 1,000,000 W

MWh Megawatt hour (unit of energy). 106 watt hours = 1,000,000 Wh

Opex Operational Expenditure – Ongoing costs directly associated with running the gas 
transmission system. This includes costs both directly related to the network (e.g. routine 
and corrective maintenance, service interruptions/incidents, land management) 

PE Polyethylene

PEM Polymer Electrolyte Membrane

PJ Petajoule (unit of energy). 1015 Joules = 1,000 TJ

RD&D Research, Development and Demonstration

SMR Steam Methane Reforming

SOI Statement of Intent

TJ Terajoule (unit of energy) = 1012 Joules

TWh Terawatt hour (unit of energy). 1012 watt hours = 1,000 GWh

WiTMH Whakamana i Te Mauri Hiko

yr Year
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Fore more information about this report contact: 
comms@firstgasgroup.co.nz

THANK YOU
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Executive Summary 

Background and Key Findings 

The New Zealand gas network businesses - Vector, Powerco and Firstgas - have engaged 

Oakley Greenwood (OGW) to review the Climate Change Commission’s (CCC) draft advice on 

how New Zealand can reduce carbon emissions over the next 15 years (2020-2035) in a way that 

is consistent with New Zealand’s legislated target of net zero emissions by 2050. 

Our key findings are as follows. 

Improved modelling of network economics will ensure policy options are robust 

The CCC implicitly assumes that gas network businesses will continue to be financially viable in 

order to operate over the entirety of the forecast time horizon in order to provide gas to hard-to-

abate sectors. However, the CCC’s broader suite of recommended policies (and its modelling) 

does not necessarily support (or align with) this outcome.  

In particular, policies that start forcing high value residential and commercial customers to switch 

away from the gas network in the short term are very likely to impinge on the network businesses’ 

medium to long-term viability, which in turn will affect their ability to continue to deliver affordable 

gas to hard-to-abate sectors. Moreover, the CCC’s modelling if anything, is likely to have 

underestimated the amount of this switching, as the CCC appears to have assumed a gradual 

transition for residential and commercial customers, yet the forecast bills’ the CCC have 

published would appear to support a much higher (and quicker) level of switching, which would 

further exacerbate the impact on network businesses’ financial viability or lead to increases in the 

costs remaining gas network users face, affecting their economics.  

More weight should be given to technically feasible fuel options 

The CCC has confined its analysis to only existing technologies. This should not underpin the 

development of future policies. Rather, policies should wherever possible, leave open the option 

of adopting new technologies if they become economic (or existing technologies whose 

economics improve). This is particularly important as many alternate technologies, in particular 

hydrogen, renewable methane and biomethane, are forecast to be feasible economic alternatives 

to electrification in the medium to long-term, based on publicly available forecasts, yet, if gas 

networks are rendered unviable due to short-term focused, deterministic policies, this may 

foreclose these options.  

Moreover, there are other additional benefits associated with adopting a number of these 

alternative technologies, relative to an electrification pathway, that need to be considered in more 

detail. In particular, many of the alternative technologies alleviate the need to augment electricity 

networks, and may assist in ameliorating some of the customer transition costs, which are 

important features of any potential transition, yet they do not appear to be explicitly considered 

in the CCC’s work. In short, the different policy options need to be considered in light of these 

costs and benefits – not just the cost of production. 
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There are better policy options to achieve a decarbonised gas sector 

There are other policy options available that could achieve the CCC’s desired outputs, without 

relying on the adoption of a blunt instrument such as a prohibition on new gas connections. 

Output-orientated policies, which there are many examples of, are: a) more likely to achieve the 

CCC’s overarching emissions budgets at the least economic cost; b) less likely to foreclose on 

new technologies that may turn out to be economic (or existing ones that become more economic 

over time); and c) better able to recognise the value to the NZ economy that comes from keeping 

gas network businesses economically viable in the medium to long-term to support their ability to 

continue to deliver gas to hard-to-abate customers in the long-term and to enable the emergence 

of new markets for hydrogen and biomethane to create employment opportunities for transferable 

roles in the gas industry.  

Conclusion 

In summary, we recommend the CCC’s policy directions regarding decarbonising the residential 

and commercial gas sector be outcome oriented. This will create an environment for a range of 

technologies to deliver the outcome. Relative to the proposal in 9c, this approach is more likely 

to avoid the unintended outcomes of increasing customer and wider economic costs, and of 

prematurely inhibiting growth in new low emissions fuels in meeting New Zealand’s climate 

change targets.  

The CCC’s policy recommendations should be more strategic/directional and highlight the trade-

offs and risks that Government should consider when designing supporting policies. One of these 

is that there are a significant number of benefits associated with adopting policies that do not 

foreclose on gas options in the short-term, as to do so will effectively foreclose on the potential 

adoption of renewable gas options in the medium to long-term. This is particularly important as 

many alternate technologies, in particular hydrogen, renewable methane and biomethane, are 

forecast to be feasible economic alternatives to electrification in the medium to long-term, yet, if 

gas networks are rendered unviable due to short-term focused, deterministic policies, those 

options may be foreclosed. 
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1. Background and objective 

1.1. Background 

The Climate Change Commission (CCC) has released draft advice on how New Zealand can 

reduce carbon emissions over the next 15 years (2020-2035) in a way that is consistent with New 

Zealand’s legislated target of net zero emissions by 2050. As required by law, the CCC advice 

includes the direction of the policy required in the emissions reduction plan. 

One of the key policy recommendations in the draft advice is that the government should set a 

date by which:  

 No new natural gas connections are permitted; and 

 All new or replacement heating systems installed are electric or biomass/bioenergy fuelled 

where feasible. 

The CCC recommends that the specified date should be no later than 2025, and earlier if 

possible. This results in the CCC forecasting gas consumption to decline under the various 

scenarios that the CCC has modelled, with the CCC modelling a relatively gradual transition away 

from gas for residential and commercial customers. Notwithstanding this, the CCC is still 

forecasting that gas will be consumed beyond 2050 under all modelled scenarios, primarily by 

customers who are in what are generally termed ‘hard-to-abate’ sectors (such as peaking 

electricity generation and high-temperature process heat).  

1.2. Objective of this report 

Three of NZ’s Gas Businesses – Vector, Powerco and Firstgas – have, collectively, asked Oakley 

Greenwood (OGW) to review the CCC’s draft advice on how New Zealand can reduce carbon 

emissions over the next 15 years (2020-2035) in a way that is consistent with New Zealand’s 

legislated target of net zero emissions by 2050.  

Broadly, our advice is structured around three areas: 

 Analysing whether there are any alternative technologies or decarbonisation options that may 

be economic means for decarbonising NZ’s gas industry, and if so, whether the currently 

policy recommendations are able to accommodate those technologies;  

 Assessing whether the CCC’s policy recommendations are internally consistent, with a 

particular emphasis on whether the adverse impacts of the policy on the economic viability 

of gas supply industry participants has been adequately considered, given the reliance on 

the industry to continue to supply gas in the long-term to hard-to-abate industries; and  

 Whether alternative policy options are available that may be able to better meet the CCC’s 

overarching objective and criteria. 

1.3. Key Insights 

The following reflects our key insights regarding the CCC’s work to date: 
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 The CCC implicitly assumes that gas network businesses will continue to be financially viable 

in order to operate over the entirety of the forecast time horizon in order to provide gas to 

hard-to-abate sectors. However, the CCC’s broader suite of recommended policies (and its 

modelling) does not necessarily support (or align with) this outcome. In particular, policies 

that start forcing high value residential and commercial customers to switch away from the 

gas network in the short term are very likely to impinge on the network businesses’ medium 

to long-term viability, which in turn will affect their ability to continue to deliver affordable gas 

to hard-to-abate sectors. Moreover, the CCC’s modelling if anything, is likely to have 

underestimated the amount of this switching, as the CCC appears to have assumed a gradual 

transition for residential and commercial customers, yet the forecast bills’ the CCC have 

published would appear to support a much higher (and quicker) level of switching, which 

would further exacerbate the impact on network businesses’ financial viability or lead to 

increases in the costs remaining gas network users face, affecting their economics. 

 The CCC has confined its analysis to only existing technologies. This  should not underpin 

the development of future policies. Rather, policies should wherever possible, leave open the 

option of adopting new technologies if they become economic (or existing technologies 

whose economics improve). This is particularly important as many alternate technologies, in 

particular hydrogen, renewable methane and biomethane, are forecast to be feasible 

economic alternatives to electrification in the medium to long-term, based on publicly 

available forecasts, yet, if gas networks are rendered unviable due to short-term focused, 

deterministic policies, this will foreclose these options. Moreover, there are other additional 

benefits associated with adopting a number of these alternative technologies, relative to an 

electrification pathway, that need to be considered in more detail. In particular, many of the 

alternative technologies alleviate the need to augment electricity networks, and may assist 

in ameliorating some of the customer transition costs, which are important features of any 

potential transition, yet they do not appear to be explicitly considered in the CCC’s work. In 

short, the different policy options need to be considered in light of these costs and benefits – 

not just the cost of production. 

 There are other policy options available that could achieve the CCC’s desired outputs, 

without relying on the adoption of a blunt instrument such as a prohibition on new gas 

connections. Output-orientated policies, which there are many examples of, are: a) more 

likely to achieve the CCC’s overarching emissions budgets at the least economic cost; b) 

less likely to foreclose on new technologies that may turn out to be economic (or existing 

ones that become more economic over time); and c) better able to recognise the value to the 

NZ economy that comes from keeping gas network businesses economically viable in the 

medium to long-term to support their ability to continue to deliver gas to hard-to-abate 

customers in the long-term and to enable the emergence of new markets for hydrogen and 

biomethane to create employment opportunities for transferable roles in the gas industry.  

1.4. Caveats 

For the avoidance of doubt, it should be noted that: 

 The particular focus of this report is on the CCC’s recommendations that affect the gas supply 

industry; we have not analysed in any detail, recommendations that relate to other sectors;  

 We have relied on the results of some of the modelling work produced and published by the 

CCC. To the extent that their modelling is incomplete, indicative only, or in error, those same 

limitations may apply to the analysis and conclusions we have drawn from that information; 

and  
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 Further to the above, notwithstanding the fact that the CCC extended the consultation period, 

the (still) relatively short time-frame has limited our ability to unpack and analyse all of the 

assumptions the CCC has adopted and their approach to modelling inter-dependencies; 

there are likely to be further issues raised or clarifications sought beyond the formal 

submission of this report. 

1.5. Structure of remaining sections 

The remaining sections of this report are structured as follows: 

 Section 2 summarises the CCC’s proposed decarbonisation pathway, and the impact it is 

expected to have on NZ’s emissions and other relevant parameters affecting the gas industry; 

 Section 3 outlines a number of alternative technologies that could be used to reduce 

emissions associated with the consumption of natural gas;  

 Section 4 outlines the potential costs of a number of alternative technologies that could be 

used to reduce emissions associated with the consumption of natural gas; and 

 Section 5 contains a number of alternative policy options that have been implemented (or 

proposed) in other jurisdictions, which could form the basis of policy options that could be 

adopted to achieve reductions in the emissions associated with the consumption of natural 

gas.  
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2. The CCC’s proposed decarbonisation pathway and its impact 

2.1. Objective 

The objectives of this section are to: 

 Discuss the CCC’s proposed decarbonisation pathway, as well as our understanding of the 

CCC’s rationale for adopting that decarbonisation pathway;  

 Summarise the impact the CCC’s recommendations are expected to have on NZ’s forecast 

emissions reductions and other relevant parameters affecting the gas industry; and 

 Outline our high-level assessment of the CCC’s approach to developing its decarbonisation 

pathway. 

2.2. CCC’s proposed approach 

In its report, “2021 Draft Advice for Consultation”, the CCC recommends that1: 

“…in the first budget period the Government introduce measures to transform, transition and reduce 

energy use in buildings. Measures should include…Setting a date by when no new natural gas 

connections are permitted, and where feasible, all new or replacement heating systems installed are 

electric or bioenergy. This should be no later than 2025 and earlier if possible” 

The CCC elaborates upon this recommendation in other parts of its report, including on page 61, 

where it states2: 

Our path looks to avoid new heating systems having to be scrapped before the end of their useful lives. 

This means that our path assumes all new space heating or hot water systems installed after 2025 in 

new buildings are either electric or biomass.  For existing buildings, the phase out begins in 2030 

(Figure 3.12). No further natural gas connections to the grid, or bottled LPG connections occur after 

2025. This would allow time for a steady transition, to be on track for a complete transition away from 

using natural gas in buildings by 2050. 

The CCC also makes it clear that to meet it proposed emissions budgets, New Zealand does not 

need to rely on future technologies, however, they believe that3: 

“as new technologies develop, this will allow the country to reduce emissions even faster”. 

In this context, the CCC notes that it would not be4: 

“prudent to propose emissions budgets that could only be met if new technologies were developed and 

deployed. Doing so would undermine the purpose of emissions budgets to set a credible path for 

medium-term emissions reductions”. 

In further correspondence the CCC provided to the NZ gas businesses5, the CCC outlined their 

process for modelling residential energy/gas use. We have summarised that process as follows: 

1. Start with the stock of existing and new buildings.  

2. For buildings undergoing a retrofit, the owner/consumer makes a fuel selection between gas 

and electric based solely on the economics of relative heating costs (variable and fixed 

 

1  Climate Change Commission, “2021 Draft Advice for Consultation”, 31 January 2021, page 118 

2  Ibid, page 61 

3  Ibid, page 11 

4  Ibid, page 55 

5  As per email from Andrew Kerr, Powerco, dated 11/03/2021 
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components). This applies separately to space heating and water heating/cooking. Cooking is 

assumed to be in proportion to water heating, so a decision affecting one applies to the other. 

Factors like preferences, fuel diversity, retrofit costs, and shared fixed costs, are excluded.  

3. All scenarios and the current policy reference6 have a forced ban on gas heating for new 

builds and a phaseout for the remaining stock which are not cost driven. These settings override 

the fuel switching choices of consumers in step 2. The: 

 Ban date setting (i.e., 2025) in the central pathway prevents the selection of gas heating 

systems for new builds; and 

 Phase out profile (2030-2050 in the central pathway) assumes the remaining gas use 

transitions smoothly to zero. This profile over 20 years is assumed to capture the dynamics 

of capital replacement. 

Our key take-away from the above information is that the CCC’s phase out profile (2030-2050 in 

the central pathway) transitions the remaining gas use in a gradual (smooth) manner, rather than 

modelling this fuel switching dynamic in any detail. Given the relatively minor contribution 

switching from gas to electricity by residential and commercial customers makes to NZ’s overall 

emissions reduction profile, it is understandable why the CCC may have made this simplifying 

assumption. That said, this switching profile is important in the context of New Zealand’s gas 

industry, its economics, and its broader ability to continue to service the needs of gas consumers 

over the forecast horizon modelled by the CCC. 

2.3. The impact on New Zealand’s forecast emissions reductions and other relevant 

parameters 

Historically, gas usage has primarily been driven by electricity generation, industrial and non-

energy use (i.e., as a feedstock into production processes). 

Figure 1: Historical annual gas consumption by sector 

 

Based on 2019 data, these sectors (electricity generation, industrial and non-energy use) made 

up over 91% of gas usage in NZ. 

 

6  It is not clear what the rationale is for assuming that there would be a forced ban under the current policy reference case, 
or whether this is an incorrect statement. 
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Figure 2: Observed gas consumption by sector 

 

The CCC’s modelling indicates that it expects gas consumption to decline from ~190TJ in 2019 

to: 

 80PJ in 2035 under the current policy reference case, being the scenario representing the 

continuation of current policies; and 

 53PJ in 2035 under the ‘Our Path to 2035’ scenario, being the CCC’s proposed path to 2035, 

which underpins its recommended emissions budgets. 
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Figure 3: Forecast gas demand (PJ) 

 

Source: 2021-Draft-Advice-Scenarios-dataset.xls 

Interestingly, much of the decline in gas demand occurs even under the ‘Current Policy 

Reference’ scenario, with this being driven by the assumed closure of the methanol plants owned 

by Methanex – in the late 2020s as existing gas contracts expire.  

The following figure demonstrates the relative contribution each sector makes to incremental 

declines in gas consumption under the ‘Our Path to 2035’ scenarios relative to the ‘Current Policy 

Reference’ scenario. 

Figure 4: Relative contribution each sector makes to incremental declines in gas consumption to 2035 

 

Source: OGW analysis of 2021-Draft-Advice-Scenarios-dataset.xls 
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Notably, gas consumption in the electricity generation sector is assumed to increase through the 

mid 2020s, relative to the ‘Current Policy Reference’ scenario, with declines thereafter. The figure 

clearly shows the relatively gradual impact of residential and commercial customers switching 

from gas to electricity from 2025 onwards, which as stated earlier, is important, in the context of 

NZ’s gas industry, its economics, and its broader ability to continue to service the needs of gas 

consumers over the forecast horizon modelled by the CCC. 

The following figure shows the impact that this switching (as it relates to residential and 

commercial heating) has on emissions.  

Figure 5: Impact residential and commercial switching under the ‘Our Path to 2035’ has on emissions 

reductions  

 

Source: 2021-Draft-Advice-Scenarios-dataset 

The contribution that these emission reductions make to NZ’s overall emissions reductions 

(relative to the Current Policy Reference scenario) is highlighted in the following figure. 
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Figure 6: The contribution residential and commercial heating makes to overall emissions reductions  

 

Source: Based on OGW analysis of 2021-Draft-Advice-Scenarios-dataset 

As can be seen from the above figure, in relative terms, the decarbonisation of residential and 

commercial heating under the ‘Our path to 2035’ scenario contributes only a relatively small 

amount to NZ’s overall emissions reduction efforts, albeit, in an endeavour such as this, all 

contributions are important. 

Yet, as will be discussed in latter sections, it is not clear from the CCC analysis what the cost and 

impacts of delivering this level of emissions reduction from this sector of the economy, will mean 

for the broader economy and emissions reductions, given: 

 The CCC is implicitly assuming that gas infrastructure is required post 2050 to meet forecast 

gas demands beyond 2050 under all modelled scenarios, primarily by customers who are in 

what are generally termed ‘hard-to-abate’ sectors (such as peaking electricity generation and 

high-temperature process heat); yet 

 The underlying economics of the gas network businesses are likely to be materially, 

adversely impacted as a result of the delivery of these relatively small emissions reductions. 

This impact does not seem to have been investigated by the CCC. Given the importance of the 

continued operation of the gas networks to serve key needs of the economy, this represents a 

potential oversight in the CCC methodology. Understanding this risk is of material importance in 

considering the risks and trade-offs of different policy settings that aim to decarbonise the energy 

sector.  
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Figure 7: Gas consumption between 2036 and 2050 

 

Source: 2021-Draft-Advice-Scenarios-dataset 

2.4. Our high-level assessment of the CCC’s approach 

There are a number of positive aspects to the CCC’s approach and reporting of results, not the 

least being the level of detail that it has gone into its analysis and modelling. 

That said, one observation that we would make is that while it is our understanding that the Act7 

requires the CCC to provide ‘direction of policy’ that is consistent with carbon budgets; it appears 

to us that the CCC’s advice is more prescriptive than directional in some areas, not the least 

being the prohibition on new gas connections and forced appliance replacements.  

There are  a number of more specific areas where we have questions or where we would suggest 

an alternative approach. These are detailed in the following table, and form the basis for the 

discussion and analysis presented in the remainder of the report. 

Table 1: Comments on particular aspects of the CCC’s approach to recommendation 9c 

Issue OGW Comment 

The CCC’s implicit 
assumption that gas network 
businesses will continue to 
operate over the entirety of 
the forecast time horizon 
may not align with its 
broader suite of 
recommended policies  

It is our understanding that the CCC has assumed a gradual transition from gas to 
electricity from 2025 onwards. Put another way, the CCC does not appear to have 
modelled the impact that their broader suite of assumptions are likely to have on the 
gas and electricity prices faced by residential and commercial customers, and how 
these prices might flow through to those customers’ fuel choices.  

 

7  Based on our reading of section 5ZH of the Climate Change Response Act, which states that the “Commission to advise 
on emissions reduction plans…Not later than 24 months before the beginning of an emissions budget period, the 
Commission must provide to the Minister advice on the direction of the policy required in the emissions reduction plan for 
that emissions budget period”. 
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Issue OGW Comment 

 On face value, it is understandable why the CCC made this simplifying assumption, 
given the relatively minor contribution gas to electricity switching by residential and 
commercial customers makes to NZ’s overall emissions reduction profile and the 
relatively small contribution in makes to total gas demand. However, this switching 
profile is likely to be important to the overall modelled outcomes. In particular, the 
adoption of a more bespoke modelling approach is likely to demonstrate that it is 
likely to be economic for a substantial number of customers to bring-forward the 
switching of their gas appliances for electricity appliances as compared to the timing 
assumed in the CCC’s modelling. Whilst this brings forward emissions reductions, it 
also undermines the economics of the existing gas network businesses, which may 
compromise their ability to continue to operate over the forecast time horizon, which 
the CCC appears to have implicitly assumed will occur in their modelling. 

Impact on the economics of 
the existing gas supply 
industry as a result of the 
forecast closure of the 
Methanex plant 

It is not readily apparent how the CCC has modelled the impact that the forecast 
closure of the Methanex plants will have on the economics of the broader gas supply 
industry, despite noting the likely negative impact that this would have on the 
industry (and prices): 

“There is a critical dependency between domestic gas supply and the 
company Methanex. Methanex produces methanol from natural gas 
and consumes around 40% of the total gas supply. Their demand 
incentivises natural gas producers to continue to invest to sustain 
production. Methanex has provided flexibility by reducing its demand 
when natural gas is constrained, benefitting all other gas users and 
reducing methanol production. Without continued exploration and 
development, the country’s natural gas fields are likely to reach the 
end of their economic life. This will reduce the amount of gas available 
for all users. In the medium term, it may become uneconomic for 
Methanex to continue operating in Aotearoa in its current form. A 
reduction in gas used by Methanex could have flow on cost and 
supply implications for other gas users including electricity generation 
and domestic users of gas”. 

Again, this interacts with the CCC’s implicit assumption that gas networks (and the 
gas industry) will continue to be economically viable in order to operate over the 
forecast time horizon. 

There is an economic cost 
associated with gas 
switching that the CCC does 
not appear to have 
considered 

Following on from the above, the CCC does not appear to have explicitly considered 
that an economic cost associated with implementing policies that reduce the amount 
of gas that is delivered via existing gas network businesses (without replacement, 
renewable fuels) is that networks may not be viable in the long-term, and hence, 
made available by their owners to provide gas on reasonable terms to any 
remaining customers. 

In particular, as gas throughput declines, particularly throughput by (high value) 
residential and commercial customers, it undermines the economics of the entire 
gas industry, particularly gas distribution businesses.  

As gas volumes (and in turn revenues) decline, everything else being equal, gas 
businesses will need to adopt some combination of:  

 Increasing prices to those customers that remain connected to their network, 

thus affecting those customers’ economics8;  

 Reducing returns to shareholders;  

 Reducing expenditure on the network, which, due to the underlying cost 
structure of network businesses, will in no way match the reduction in revenues 
(and could potentially lead to adverse impact on levels of service);  or 

 Exiting the industry. 

 

8  This could also result from any move to accelerate the depreciation (and hence cost recovery) of those networks. 
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Issue OGW Comment 

The CCC’s definition of, and 
confinement to only existing 
technologies that are 
commercially deployed in 
NZ 

The CCC makes it clear that to meet its proposed emissions budgets, New Zealand 

does not need to rely on future technologies, however, they believe that9: 

“as new technologies develop, this will allow the country to reduce 
emissions even faster”. 

In this context, the CCC notes that it would not be10: 

“prudent to propose emissions budgets that could only be met if new 
technologies were developed and deployed. Doing so would 
undermine the purpose of emissions budgets to set a credible path for 
medium-term emissions reductions”. 

Whilst we agree that it would be imprudent for the CCC to propose emissions 
budgets that could only be met if new technologies were developed and deployed, 
we believe that it is imprudent for the CCC’s policy directions to be confined to only 
existing technologies (as well as the fact that it appears to have not factored in some 
existing technologies, for example, biomethane). 

In particular, the policy directions that are developed to support the achievement of 
the budgets should be flexible enough to allow the market (including markets for 
new technologies) to develop over time, if those products are valued by the market 
(in this case, if they represent the least cost means off meeting New Zealand’s 
emissions targets).  

Put another way, policy directions that are underpinned or confined to existing 
technologies alone, may either directly or indirectly crowd out what could prove to be 
viable options for contributing to NZ achieving its emissions reductions in the future, 
based on small incremental advances in existing technology or changes in one or 
more of their key input cost categories. 

The CCC does not appear to 
have considered the impact 
its policies might have on 
future options 

Following on from the above, the CCC explicitly states that one of its design 
principles is to ‘create options’ (‘Principle 3 – Create Options’) - when developing its 

decarbonisation pathway for gas. As the CCC states11: 

“there is much uncertainty in embarking on this decades-long 
transition. Uncertainty is not a reason for delay. There is value in 
creating options for meeting the targets and having the ability to adjust 
course as the transition proceeds. The decisions taken now should 
open up a wide range of future options and keep options open for as 
long as possible. This needs to be balanced with the need to take 
advantage of key windows of opportunity, where making significant 
investments in key technologies could ultimately make the transition to 
low emissions cheaper and faster”. 

Whilst we completely agree with this sentiment, it is not clear how the CCC has 
explicitly taken this principle into account when developing its decarbonisation 

pathway for gas. For example, the CCC states that12: 

“Bioenergy and hydrogen both hold promise, but Aotearoa needs to 
understand how best to make use of their potential. Our analysis 
indicates that these fuels have significant potential for reducing 
emissions in transport, process heat and industrial processes. 
However, more work is needed to support establishing supply chains 
and infrastructure and making them more cost competitive”. 

 

9  Ibid, page 11 

10  Ibid, page 55 

11  Ibid, page 30 

12  Ibid, page 115 
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Issue OGW Comment 

It is not clear how its particular policies, as they relate to the natural gas industry, 
support the potential development of these alternative fuel sources – ones that as 
the CCC states, have significant potential for reducing emissions from process heat 
and industrial process – two areas where these is almost no other means of 
decarbonising, and two that could significantly benefit from the retention of existing 
natural gas networks and supply chains.   
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3. Alternative technologies to reduce emissions from natural gas 

3.1. Objective of section 

The CCC’s approach appears to only consider the switching of natural gas to electricity/biomass 

as the decarbonisation path. There are alternative fuel options which can decarbonise gas use 

(and also provide benefits to fuel diversity and cost avoidance).  

The objectives of this section are to: 

 Outline the potential renewable gases that could be used to decarbonise the natural gas grid; 

and 

 Describe their advantages and disadvantages at a high-level. 

3.2. Potential renewable gases that could be used to decarbonise the natural gas grid  

There are a number of potential renewable gases that could be used to decarbonise the natural 

gas grid. These include, but are not limited to: 

 Hydrogen;  

 Biogas, and bio-methane; and 

 Renewable methane. 

The following sub-sections provide a brief overview of each of these renewable gases. 

3.2.1. Hydrogen 

Hydrogen is the most abundant and common element in the universe. At standard temperature 

and pressure, hydrogen is a colourless, odourless, tasteless, non-toxic and highly combustible 

gas with the molecular formula H2. Hydrogen is a clean-burning gas that produces no carbon 

dioxide when used. 

Hydrogen readily forms molecular bonds with most elements, therefore, most hydrogen on Earth 

exists in molecular forms such as water or organic compounds. Hydrogen is primarily derived by: 

 Splitting water into its base components of hydrogen and oxygen; or  

 Reacting fossil fuels with steam or controlled amounts of oxygen (e.g., steam methane 

reforming, or SMR).  

The renewable, zero-emission pathway to creating hydrogen is via electrolysis, using renewable 

electricity. The two main electrolysis technologies are: 

 Polymer electrolyte membrane (PEM), whereby water is catalytically split into protons which 

permeate through a membrane from the anode to the cathode to bond with neutral hydrogen 

atoms and create hydrogen gas; and  

 Alkaline electrolysis (AE), which involves an electrochemical cell that uses a potassium 

hydroxide electrolyte to form H2 at the negative electrode and O2 at the positive electrode. 



Response to the NZ Climate Change Commission's Advice 

26 March, 2021 

Final Report 

 21 

Whilst the primary technologies used to undertake this process are mature (e.g. electrolysis) and 

have not changed significantly in recent times13, the costs of, and emissions stemming from, the 

electricity used to power the process have changed significantly. This renewable hydrogen is 

produced at very high purity (>99.99%) and can be used in many applications, for example fuel 

cells in vehicles. 

SMR is also a mature technology, however, it needs to be combined with carbon capture and 

storage (CCS)14 if it is to provide a source of low emissions hydrogen15. Even then, it is still not 

technically “renewable”. 

Figure 8:  Hydrogen production pathways 

 

Source: Energy Networks Australia (ENA), Gas Vision 2050, page 4 

 

13  Although there is significant R&D work being undertaken in this regard in Europe and other places – the potential has 
been recognised internationally.  

14  This is often referred to as “blue” hydrogen, as opposed to “brown” hydrogen, which generally refers to hydrogen produced 
from brown coal, or “grey” hydrogen, which generally refers to hydrogen produced from a fossil fuel without carbon capture 
and storage. 

15  There are inevitably small amounts of carbon emissions even when paired with CCS technology, hence it is low-
emissions, not zero emissions. 
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Whilst there are only a relatively small number of examples16 of hydrogen being blended into an 

existing natural gas network at moderate levels across the world, an increasing number of natural 

gas businesses are actively investigating the option of blending hydrogen into their distribution 

networks. Existing networks and appliances are designed to operate effectively with moderate 

amounts of hydrogen, however, where the hydrogen content increases beyond a certain level, 

appliance modifications are required as hydrogen and natural gas behave differently when burnt. 

Modern gas distribution networks, however, should be able to transport large proportions of 

hydrogen safely17.  

3.2.2. Biogas and bio-methane 

Biogas is a mixture of CH4 and CO2.  Biogas is obtained from biomass, which is a plant or animal 

material that is used for energy production. It is produced from a biological process, for example: 

 Via landfill, which is a site for the disposal of waste materials by burial; or  

 Anaerobic digestion, which consists of a series of biological processes that are generally 

used in the sewerage treatment process, dairy waste, or treatment of food waste.  

In many cases, biogas production is secondary to a business’ main production process (e.g., 

landfill, sewerage treatment, food production), and its potential utilisation is generally as a 

feedstock for the production of on-site renewable electricity (with potential to export to the grid, if 

grid-connected). That said, centralised facilities can be developed, increasing the receiving 

facility’s scale, although this is likely to be partially offset by additional collection and 

transportation costs. 

As biogas also contains carbon dioxide and water vapour, for it to be utilised as a direct substitute 

for natural gas (e.g., via distribution by natural gas networks), it needs to be ‘cleaned’ in order to 

form biomethane. There are technologies readily available to do this, however, they add to the 

cost of production as compared to using the ‘uncleaned’ biogas to generate electricity (the 

economics of the addition of a ‘cleaning‘ process also depends on the proximity of the resources 

to the existing network). The consumption of bio-methane emits net zero CO2e.  

An example of the process that converts biogas to renewable electricity, and biogas to 

biomethane, is outlined in the figure below. 

 

16  Examples include in France, https://www.engie.com/en/businesses/gas/hydrogen/power-to-gas/the-grhyd-
demonstration-project; Adelaide,  https://blendedgas.agn.com.au/; UK,  https://hydeploy.co.uk/hydrogen/  

17  The gas industry is familiar with ensuring the safety of gas appliances and has, in the last 50 years, carried out a major 
conversion program from Towns Gas, which consisted of a significant proportion of hydrogen, to natural gas. 



Response to the NZ Climate Change Commission's Advice 

26 March, 2021 

Final Report 

 23 

Figure 9:  Production of biogas and biomethane 

 

Source: https://www.eesi.org/papers/view/fact-sheet-biogasconverting-waste-to-energy 

3.2.3. Renewable methane 

Renewable methane (the same chemical composition as biomethane) can be produced by 

reacting renewable hydrogen (H2) with carbon dioxide (CO2) in a ‘methanation’ process.  

The carbon dioxide used in this process could come from a natural source, such as a biogas 

facility (Figure 10), or it could be extracted directly from the atmosphere and then combined with 

hydrogen to produce methane (Figure 5)18. 

The carbon extracted balances the carbon emitted when the methane is used, therefore making 

the methane both renewable and carbon neutral. 

Figure 10:  Production of renewable methane via biogas 

 

Source: www.neocarbonenergy.fi/wp-content/uploads/2016/02/06_Tynjala.pdf 

 

 

18  A low emission (not renewable as such) version of methane production may be possible using the carbon dioxide from 

sequestered CCS or carbon dioxide emissions that are already part of the National Greenhouse Gas Inventory. 
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Figure 11:  Production of renewable methane via extraction of carbon dioxide from the atmosphere 

Source: https://www.southerngreengas.com.au/about.html 

This process produces a gas that is fully compatible with existing appliances and networks, and 

hence no additional downstream costs are incurred. 

3.3. The advantages and disadvantages of different renewable gas decarbonisation 

pathways 

The following table summarises some of the advantages and disadvantages of the different 

renewable gas pathways that could be adopted to reduce the emissions associated with natural 

gas and LPG usage, as well as electrification.  

Table 2: Pathways for reducing emissions from the consumption of natural gas  

Pathway Advantages Disadvantages 

Hydrogen  Is flexible in its production profile, 
and hence H2 production might focus 
on periods when electricity prices are 
low/lower than average (or even 
when production would have 
otherwise been curtailed) 

 If grid connected, H2 production may 
in fact be able to provide valuable 
services back into the electricity 
market (e.g., frequency control and 
ancillary services) 

 Distributed H2 can be stored and 
used to provide peaking services into 
the gas grid and is also able to meet 
high temperature process heat 
needs. 

 The blending of hydrogen beyond some 
relatively small proportion by volume (around 
10% -20%) requires gas appliances and 
equipment to be upgraded or replaced. 
Therefore, a move beyond any blending 
threshold is likely to require: (a) all gas end-use 
appliances in the affected area to be replaced at 
the time the threshold is exceeded, inevitably 
leading to the bringing forward of appliance 
replacements relative to the base case; and/or 
(b) blending to be limited to 10% in an area until 
all appliances have been replaced over time with 
what are likely to be more expensive, hydrogen-
ready, appliances. 

 Based on current information, due to 
embrittlement issues, hydrogen cannot be 
blended into gas transmission networks at the 
same level as for gas distribution networks (with 
some uncertainty over whether existing gas 
storages are able to store hydrogen). This leads 
to a number of adverse outcomes, not the least 
being that to leverage existing assets, hydrogen 
production must be of a smaller, potentially less 
efficient scale (in terms of size), to allow injection 
straight into gas distribution networks. 
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Pathway Advantages Disadvantages 

 Hydrogen has 1/3 the energy content of natural 
gas on a volumetric basis; hence to deliver the 
same amount of energy, 3 times the volume of 
gas needs to be delivered. Everything else being 
equal, this derates existing gas networks, or it 
requires upgrades to the gas distribution 

networks (in particular compression assets19) to 

accommodate the same amount of energy 
throughput. 

 Everything else being equal, generating energy 
via hydrogen requires more renewable energy 
capacity to be built and produced relative to a 
direct electrification scenario, simply because of 
the loss of efficiency associated with using 
electricity to generate hydrogen to then power an 
end use (relative to directly powering that end 
use).  

Biomethane  Avoids equipment and appliance 
upgrades at customers’ premises, as 
compared to either hydrogen or 
electrification. Avoids having to 
upgrade gas networks to cater for 
hydrogen, as the same molecule 
(predominately CH4) is being 
transported. Also avoids the need to 
upgrade electricity networks as 
compared to the load in question 
being electrified.  

 Allows for the continued use of all 
existing gas storages and 
transmission networks 

 Availability of biogas is site dependent in that it 
depends on the quantity of organic waste / 
feedstock available. This limits scale and 
locational flexibility in some cases, both of which 
potentially limit its overall contribution as a 
decarbonisation option. 

 Upgrading biogas to biomethane, a gas with a 
chemical composition very similar to natural gas. 
adds to the cost of production.   

Renewable 
methane 

 Same as biomethane 

 

 Lower efficiency than direct electrification, or 
even hydrogen, due to additional conversions 
required in the production process. 

 Additional costs, compared to hydrogen.  

Electrification  Many electrical appliances are more 
efficient than natural gas / hydrogen 
appliances (e.g., many reverse cycle 
air-conditioners have COPs over 5 
and are likely to continue to improve 
over the evaluation period) 

 

 Electrifying all existing gas demands may 
significantly impact on the costs of providing 
electricity transmission and distribution services, 
if they add to the underlying peak demands that 
are expected to drive future network 
augmentations  

 Electrification cannot replace gas used as a 
feedstock in industrial processes 

 Where high temperature heat is required for 
industrial applications, there are very few viable 
alternatives to the combustion of a fuel gas. 
Hence, any large-scale electrification may leave 
a ‘residual’ gas load that faces higher gas prices 
(as sunk and fixed costs need to be recovered 
across a smaller customer base) 

 

19  Although as some studies have noted, Hydrogen is highly compressible https://www.siemens-
energy.com/global/en/news/magazine/2020/repurposing-natural-gas-infrastructure-for-hydrogen.html 
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4. Potential costs associated with different decarbonisation options 

4.1. Objective of section 

Whilst the CCC has focused its analysis on biomass and electrification, there are other potential 

technologies that are likely to be economically feasible options for decarbonising natural gas 

demand in the long-term.  

The objective of this section is to: 

 Provide a high-level estimate of the long-term cost of the different decarbonisation options 

available in NZ;  

 Compare the trade-off between the commodity, appliance and network costs of different 

decarbonisation pathways; and 

 Highlight a number of the key indirect costs and benefits associated with each of the different 

decarbonisation options. 

4.2. Costs of producing different options  

The objective of this section is to provide a high-level estimate of the potential costs of the 

different alternatives, in the medium to long-term. Clearly, any long-term forecast is subject to a 

range of uncertainties, and hence, these should be considered in that light. 

4.2.1. Hydrogen via electrolysis  

Despite their market availability and maturity, Proton Exchange Membrane (PEM) and alkaline 

electrolysers – the two most common and mature electrolyser technologies - are still relatively 

expensive from a CAPEX perspective when compared to many source of renewable electricity. 

Table 3: Current estimates of the capital costs of different types of electrolysers ($/kW) 

Source PEM ($/kW) Alkaline ($/kW) Integrated Solar and 
(2 hr) Battery – 

($/kW) 

Large Scale Solar 
PV ($/kW) 

CSIRO ($AUD) $3500 $2500 $2139 $1408 

IRENA ($USD) $700-$1400 $500-$1000 NA NA 

Source: CSIRO, “GenCost 2020-21 - Consultation draft”; December 2020, page 49 and page 63; IRENA (2020), Green 

Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the 1.5⁰C Climate Goal, International Renewable Energy 

Agency, Abu Dhabi 

Notwithstanding this, numerous notable agencies are forecasting electrolyser capital costs to 

decline significantly in the medium to long-term, driven by the efforts of countries such as NZ to 

decarbonise their economies. This underlying increase in demand for electrolysers is forecast to 

be a catalyst for, amongst other things: 

 A significant increase in the scale of production (‘gigafactories’), inevitably leading to 

economies of scale and lower prices in the long-term;  

 Industrial scale engineering, procurement and construction (EPC) being adopted  for 

electrolysers, based on mature and scalable technologies; and  

 Competitive long-term debt financing as a result of de-risking offtake agreements and in turn 

cash flows. 
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The most recent, published, forecast of capital costs from the CSIRO and IRENA are reproduced 

in the figures below20. 

Figure 12: Capital cost forecasts (2050) by CSIRO 

 

Source: CSIRO, “GenCost 2020-21 - Consultation draft”; December 2020, page 49 

 

20  The long-term forecast assumptions also broadly align with figures contained in other reports, for example Vivid 

Economics’ (via Nel ASA (2017)) low forecast was NZ$665/kW in 2050, as per `Gas Infrastructure Futures in a Net Zero 
New Zealand’, December 2018, page 52. 
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Figure 13: Capital cost forecasts (2050) by IRENA 

 

Source: IRENA (2020), Green Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the 1.5⁰C Climate Goal, 

International Renewable Energy Agency, Abu Dhabi  

Notwithstanding these forecast reductions in capital costs, the cost of producing hydrogen will 

still be highly dependent on the cost of the (renewable) electricity input. The impact that electricity 

prices have on the cost of production is highlighted in the following figure. 
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Figure 14: Impact of declining electricity prices on H2 production costs – 70% CF 

Assumptions include: a) Electrolyser efficiency of 45kWh/kg, consistent with IRENA information (2050); and b) Lifespan 

of 120,000 hours, consistent with upper end of IRENA; c) capacity factor of 70%21; d) capital cost of $500/KW consistent 

with CSIRO (2050 forecast – PEM); e) WACC = 5%; and f) GJ per kg = 0.142; and GJ to MWh conversion = 0.277778 

Assuming a feedstock (electricity) price of $20/MWh and a capacity factor of 70%, along with the 

declines in capital costs that have been projected by the likes of the CSIRO in Australia (which 

are not as aggressive as those of IRENA), the cost of producing hydrogen is equivalent to around 

$45/MWh, which is less than the average electricity price forecast by the CCC in their report 

(~$65/MWh - ~$72/MWh, with this depending on the scenario).  

Whilst feedstock (electricity) prices of $0.02/kWh ($20/MWh) may appear unrealistic, it is 

important to note that hydrogen production facilities are very flexible, in that they can switch off 

when electricity prices are high, and run when electricity prices are low (including when prices 

are negative). Therefore, it is not the average electricity cost that is important, but the profile of 

electricity prices over the year (i.e., the price duration curve) that is important. The greater the 

number of low priced periods, the better the economics of hydrogen production22, even if average 

wholesale electricity costs are (relatively) high as a result of a smaller number of high priced 

periods23. 

 

21  In practice, a hydrogen production facility would optimise its capacity factor, taking into account, amongst other things, 
the dispersion of wholesale electricity costs.  

22  Obviously, there is also a feedback loop, in that if there is a significant increase in the number of electrolysers consuming 
electricity when wholesale prices are low, this will, everything else being equal, lead to increases in prices during these 
periods.   

23  Complementing this issue is a likelihood that in a high variable renewable electricity (VRE) system, high wholesale costs 
are likely to be coincident with low output from VRE plants. 



Response to the NZ Climate Change Commission's Advice 

26 March, 2021 

Final Report 

 30 

A breakeven feedstock (electricity) price is around $30/MWh (when combined with a 70% 

capacity factor). This implies that if the average electricity cost is $65/MWh – similar to the long 

term price the CCC is forecasting in some scenarios - the average price in the remaining 30% of 

hours would need to be ~$145/MWh. 

If a lower capacity factor was assumed, all other assumptions being equal, the cost of producing 

hydrogen is around the same as the CCC’s average electricity price forecast at an electricity input 

cost of ~$20/MWh. 

Figure 15: Impact of declining electricity prices on H2 production costs – 50% CF 

 

In addition to the cost analysis presented above, the production of hydrogen also has a number 

of other attractive properties, in that it is: 

 Scalable, which implicitly provides option value, and is in direct contrast to 

biogas/biomethane which requires organic waste as a feedstock;  

 Flexible with regards to its location, particularly if it is grid-connected; and 

 Able to be used in a manner that supports the broader electricity system, for example, it can 

be used to boost energy security, noting that ‘dry year’ coverage is particularly important in 

NZ (and will be even more so in the future with even more VRE), as well as providing other 

ancillary services such as FCAS, voltage support etc. 

4.2.2. Renewable methane  

As discussed earlier, renewable methane (the same chemical composition as methane) can be 

produced by reacting renewable hydrogen (H2) with carbon dioxide (CO2) in a ‘methanation’ 

process.  

The carbon dioxide used in this process could come from a natural source, such as a biogas 

facility, or it could be extracted directly from the atmosphere and then combined with hydrogen 

to produce methane.  

The appealing factor with methanation is that the chemistry is very well known (over 100 years) 

and has been undertaken in refineries for many years based on fossil fuel refining and 

conversion.   
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However, process integration with renewable power and air borne CO2 via direct air capture 

(DAC) is more embryonic – and is an engineering challenge, not one of basic chemistry. That 

said, integration is, on face value, appealing, given that the production of hydrogen requires 

continuous energy input (endothermic) whereas the methanation process produces heat once it 

commences (exothermic). This makes them complementary processes (thermally) and a strong 

candidate for process integration to achieve high conversion efficiencies within one reactor or 

process plant. 

Notwithstanding this, for the purposes of our analysis, we have simply estimated the cost of 

adding a methanation plant (along with DAC) to the hydrogen production costs that we outlined 

in the section above. 

To inform this, MAN, a large multinational company based in Germany that produces diesel 

engines and turbomachinery for marine and stationary applications such as marine propulsion 

systems, power plant applications and turbochargers, provided us with a high level indicative 

estimate of the capital cost associated with a 5PJ (13,700GJ/day) methanation and DAC plant.  

We calculated a levelized capital cost based on the plant cost, production per annum (5PJ), a 

WACC of 5% and life of 20 years. 

In addition to the capital cost, we have added an estimate of the levelized cost of operating the 

plant, which, for the purposes of this analysis, we have assumed is predominately driven by the 

costs of electricity. To inform this estimate, we applied a similar wholesale electricity cost 

assumption to what the CCC has adopted in their analysis ($65/MWh)24, multiplied by an 

assumed electricity consumption of 400kWh25 per ton of CO2 for the DAC plant plus an additional 

allowance for electricity used in other parts of the process. 

The following figure summarises the modelled costs of renewable methane, assuming no 

reduction in the capital cost of the methanation plant, and assuming that this cost gets added to 

the different hydrogen production costs aligned to the analysis presented in the previous section.  

 

24  Note that we have assumed that the methanation plant operates at ~100% capacity factor – hence why we have used the 
average electricity prices published by the CCC. 

25  Christoph Beuttler, Louise Charles and Jan Wurzbacher, ‘The Role of Direct Air Capture in Mitigation of Antropogenic 
Greenhouse Gas Emissions’ 
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Figure 16: Cost of producing renewable methane – no reduction in capital costs 

 

Source: OGW 

The following figures highlights the results, if we assumed a similar trajectory in the capital costs 

of methanation as is being forecast by the likes of the CSIRO and IRENA for electrolysers. 

Figure 17: Cost of producing renewable methane – assuming a reduction in capital costs 

 

Source: OGW 

Like hydrogen, renewable methane has a number of other attractive properties including that it: 
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 Allows NZ to retain its existing gas transmission, distribution and storage infrastructure, with 

no need for any other change;  

 Avoids the need for customers to change out appliances to cater for either: 

 A new gaseous fuel (hydrogen); and / or 

 Electrification of some of their existing loads. 

 Depending on the ability and cost to scale up methanation facilities, it represents one of the 

only true means of decarbonising many hard-to-abate sectors like peaking electricity and 

high temperature process heat;  and 

 Potentially facilitates the creation of a new export market – renewable methane.  

4.2.3. Biomethane  

The cost of producing biomethane via anaerobic digestion includes three distinct elements: 

biogas production costs, biogas cleaning and upgrading costs, and distribution costs. 

IRENA has previously (2017) indicated that the typical price of26:  

producing biogas ranges between USD 0.22 and USD 0.39 per cubic meter of methane for manure-

based biogas production, and USD 0.11 to USD 0.50 per cubic meter of methane for industrial waste-

based biogas production. 

It also stated that it anticipated that cost reductions in the range of 30 to 40 per cent appear to be 

realistic, although it is not clear over what time horizon these cost reductions are projected.  

The ‘cleaning’ or scrubbing process, which involves cleaning the gas of particles, water and 

hydrogen sulphide to reduce the risk of corrosion, and then upgrading the gas by removing 

carbon dioxide to raise the energy content and create a gas with constant quality consisting of 

about 98% methane, adds to this cost. IRENA indicates that the cost of this upgrading typically 

only accounts for 5–10% of production costs27.  

If we take the top end of the range quoted by IRENA, the cost of producing biomethane is in the 

order of $0.55USD per cubic meter, which equates to in broad terms around $NZ20/GJ.  

Separately, confidential information we have been provided by proponents operating in Australia, 

indicated large scale projects cost $15 to $23 per GJ, excluding any value for biomethane’s green 

attributes. This broadly aligns with prices ascribed to biomethane projects in Germany, although 

higher costs have been ascribed to projects in France. 

 

 

26  https://irena.org/newsroom/articles/2017/Mar/Biogas-Cost-Reductions-to-Boost-Sustainable-Transport 

27  https://www.irena.org/costs/Transportation/Biomethane 
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Figure 18: Cost of producing and injecting biomethane into the German and French Grids 

 

Source: ENEA, Biogas Opportunities for Australia, page 38 

Whilst it is clear that biogas production costs are highly situational dependent, for example what 

feedstock is relied upon, for the purposes of this analysis we have adopted a starting price of 

$20/GJ, broadly aligned to the reported information out of Germany, which aligns with information 

we have been provided by a proponent in Australia, which appears reasonable when compared 

to the costs reported by IRENA for biogas (after making an allowance for the cost of upgrading 

biogas to biomethane).   

Applying IRENA’s 40% cost reduction28 to this produces a long-term figure in the order of $12/GJ, 

or ~$43/MWh based on a GJ to MWh conversion of 0.277778, which is: 

 Equivalent to the CCC’s assumed cost of importing LNG, which, according to its modelling, 

sets the ceiling wholesale price for domestic production; and 

 Well below the CCC’s forecast electricity price (see below).   

 

28  Noting again, for the avoidance of doubt, that IRENA does not specify over what time frame is believes this cost reduction 
is achievable. 
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4.2.4. Electrification 

The CCC’s modelling assumes the following wholesale electricity costs.  

Figure 19: CCC’s forecast wholesale electricity cost 

 

Source: Technical-assumptions-in-ENZ-energy-and-transport-2021-02-18.xls  

4.3. Trade-off between the commodity, appliance and network costs of different 

decarbonisation pathways 

Whilst the discussion in the previous section focuses on the cost of producing the energy, 

production costs are only one part of the value chain. There is clearly a trade-off between the 

commodity (production) costs, appliance (and other) costs incurred by customers in switching 

fuel use and the network costs associated with an electrification pathway as compared to other 

renewable gas pathways such as hydrogen and renewable methane.  
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Figure 20: Trade-off between the commodity, appliance and network costs of electrification as compared to 

other renewable gases such as hydrogen and renewable methane 

 

Source: OGW  

The following table builds upon this information by highlighting the quantum of the 

aforementioned trade-off between the commodity, appliance and network costs of electrification 

as compared to other renewable gases such as hydrogen, renewable methane and biomethane. 

To do this, we have undertaken a simple comparison of the: 

 Long-run potential costs of producing each key commodity (e.g., electricity, hydrogen, 

renewable methane) on an energy-by-energy basis for the average residential and 

commercial customer, after allowing for notional improvements in efficiency as a result of 

moving to electric appliances29, and  

 The breakeven point, or maximum amount that the industry would be able to spend on: 

 Converting customer appliances (and any consequential change-out costs such as re-

wiring); and  

 Converting or augmenting networks to cater for the additional loads (in the case of 

electrification) or new source of energy (in the case of hydrogen). 

 

 

 

 

 

 

 

29  For the purposes of this analysis, we have assumed weighted average co-efficient of performance characteristics of 2 for 
residential customers, and 1.5 for commercial customers. 
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Table 4: Customer Numbers, Usage and Conversion Information 

Parameter Residential 
customers 

Commercial 
customers 

Key Assumptions 

Customer Numbers 272821 13189 Information Disclosure Data 

Average usage per day (GJ) 18855 21184 Information Disclosure Data 

Conversion to kg of H2 per day 132780 149180 GJ per KG (0.142 - HHV) 

Conversion to electricity (MWh/day) 5237 5884 
GJ to MWh Conversion 
(0.27777) 

Conversion to renewable / bio methane 
(GJ/day) 

18855 21184 
1GJ NG = 1GJ RM = 1GJ 
BM 

Note: Industrial customers are excluded given their heterogeneity; the above conversions exclude any allowance for the 

efficiency benefits from moving to electric appliances. 

Using the above information, combined with the long-run costs of production contained in the 

below table, we get the following costs for each fuel (per day, and per year). 

Table 5: Costs for each fuel (per day, and per year), by customer class 

Fuel Costs Residential Cost  Commercial Cost Cost per Unit of 
Fuel 

 Unit 

Gas Cost per day $150,838 $169,468 $8.00  per GJ 

H2 Cost per day $265,560 $298,360 $2.00  per kg 

Electricity Cost per day $170,217 $254,988 $65.00  per MWh 

Renewable Methane Cost per 
day 

$331,754 $372,729 $17.60 
 per GJ 

Bio Methane Cost per day $226,258 $254,203 $12.00  per GJ 

       

Gas Cost per year $55,056,000 $61,856,000    

H2 Cost per year $96,929,577 $108,901,408    

Electricity Cost per year $62,129,216 $93,070,445    

Renewable Methane Cost per 
year 

$121,090,054 $136,045,961  
  

Bio Methane Cost per year $82,584,000 $92,784,000    

Note: The electricity costs (both per day and per year) include an allowance associated with the efficiency benefits from 

moving to electric appliances. We have assumed a weighted average co-efficient of performance of 2 for residential 

customers, and 1.5 for commercial customers. 

The following table compares the estimated costs of the electrification pathway as compared to 

the hydrogen pathway.  
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Table 6: Relative costs of different pathways – Electrification c.f to H2 

H2 c.f Electrification Residential 
customers 

Commercial 
customers 

Key Assumptions 

Diff H2 to electrification - Total pa $34,800,361 $15,830,964 Differences from the earlier table 

Diff H2 to electrification - per Customer $128 $1,200 
Row above divided by customer 
numbers from earlier table 

Commodity cost savings over 20 years 
(per customer) - H2 Vs Elec 

$1,590 $14,959 PV, 20yrs, WACC 5% 

Assumed impact per customer on 
coincident peak demand (kW) 

1.00 17.70 

Est 1.0kW coincident peak demand for 
Res (equivalent to 0.4 load factor, and 
ave COP of 2); Commercial (0.7 LF, 
COP of 1.5) 

Backsolved LRMC to make it economic 
to go to H2 if no gas network 
upgrages/difference in appliances 

$128 $68 
Difference in annual cost per customer 
divided by assumed impact on 
coincident peak demand 

Breakeven expenditure on H2 
appliance upgrades over electric 
appliance upgrades, if LRMC $100/kW 

$344 -$7,105 
Based on broad estimate of LRMC for 
electricity distribution businesses 

What this indicates is if the costs of converting appliances and expanding electricity networks are 

more than $1590 (for residential customers over 20 years) and $14,959 (for commercial 

customers), then a H2 approach will be better30.  

Put another way, the analysis indicates that everything else being equal, for residential 

customers, NZ could afford to contribute up to $128/kW per annum (and $68/kW per annum for 

commercial customers) to the cost of augmenting the electricity networks of NZ, before it is likely 

to become more economic to adopt a H2 pathway.  

Put yet another way, the amount that could be spent on electric appliance upgrades over H2 

appliance upgrades, if the LRMC was $100/kW per annum31, is in the order of only $344 for 

residential customers. The results are inverted for commercial customers. That is, if the LRMC is 

$100/kW per annum, then the average commercial customer would need to save ~$7,000 on 

their purchase of, and conversion to, electric appliances, over what they would incur if they were 

required to purchase hydrogen-enabled appliances. Whilst this seems somewhat 

counterintuitive, the reason for this outcome primarily relates to the estimated relative efficiency 

of electric appliances for commercial customers relative to residential customers, which reduces 

the relative benefits of switching fuels for the two different customer types, given the production 

cost assumptions. 

We have done a similar comparison between electrification and renewable methane in the table 

below. 

 

 

 

30  Assuming not cost of converting gas distribution networks. 

31  We have been advised by the NZ gas businesses that this is likely to be a reasonably representative LRMC to use for the 
purposes of this part of our analysis. 
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Table 7: Relative costs of different pathways – Electrification c.f to Renewable Methane 

Renewable Methane c.f Electrification Residential 
customers 

Commercial 
customers 

Key Assumptions 

Diff Renewable Methane to 
electrification - TOTAL pa 

$58,960,838 $42,975,516 Differences from the earlier table 

Diff Renewable Methane to 
electrification - per Customer 

$216 $3,258 
Row above divided by customer 
numbers from earlier table 

Commodity Cost savings over 20 years 
(per customer) - RM Vs Elec 

$2,693 $40,607 PV, 20yrs, WACC 5% 

Assumed impact per customer on 
coincident peak demand (kW) 

1.00 17.70 

Est 1.0kW coincident peak demand for 
Res (equivalent to 0.4 load factor, and 
ave COP of 2); Commercial (0.7 LF, 
COP of 1.5) 

Backsolved LRMC to make it economic 
to go to RM if no gas network 
upgrages/difference in appliances 

$216 $184 
Difference in annual cost per customer 
divided by assumed impact on 
coincident peak demand 

Amount that could be spent on elec 
appliance upgrades over NG appliance 
upgrades and still breakeven, if LRMC 
$100/kVA 

$1,447 $18,544 
Based on broad estimate of LRMC for 
electricity distribution businesses 

What this indicates is if the costs of converting appliances and expanding electricity networks are 

more than $2693 (for residential customers over 20 years) and $40,607 (for commercial 

customers), then a renewable methane approach will be better.  

Put another way, the analysis indicates that everything else being equal, NZ customers could 

afford to contribute between $180kW - $200/kW per annum to the cost of augmenting the 

electricity networks of NZ, before it might be more economic to adopt a renewable methane 

pathway.  

Put yet another way, the amount that could be spent on electric appliance upgrades over 

renewable methane (natural gas) appliance upgrades, if the LRMC $100/kW per annum, is in the 

order of $1450 for residential customers and $18,500 for the average commercial customer.  

Finally, we have done a similar comparison between electrification and biomethane in the table 

below. 
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Table 8: Relative costs of different pathways – Electrification c.f to BioMethane 

BioMethane c.f Electrification Residential 
customers 

Commercial 
customers 

Key Assumptions 

Diff BioMethane to electrification - 
TOTAL pa 

$20,454,784 -$286,445 
Differences from the earlier table 

Diff BioMethane to electrification - per 
Customer 

$75 -$22 Row above divided by customer 
numbers from earlier table 

Commodity Cost savings over 20 years 
(per customer) - BM Vs Elec 

$934 -$271 
PV, 20yrs, WACC 5% 

Assumed impact per customer on 
coincident peak demand (kW) 

1.00 17.70 Est 1.0kW coincident peak demand for 
Res (equivalent to 0.4 load factor, and 
ave COP of 2); Commercial (0.7 LF, 
COP of 1.5) 

Backsolved LRMC to make it economic 
to go to BM if no gas network 
upgrages/difference in appliances 

$75 -$1 Difference in annual cost per customer 
divided by assumed impact on 
coincident peak demand 

Amount that could be spent on elec 
appliance upgrades over NG appliance 
upgrades and still breakeven, if LRMC 
$100/kVA 

-$312 -$22,334 
Based on broad estimate of LRMC for 
electricity distribution businesses 

What this indicates is if there is any material cost associated with converting appliances and 

expanding electricity networks to accommodate increased loads transferred from natural gas, 

then a biomethane approach will be more economic. This is because the long-term forecast costs 

of production in our assessment are similar (after allowing for the added efficiency of electric 

appliances). 

Put another way, if the LRMC of supply is $100/kW per annum, electric appliance upgrades (and 

other associated conversion costs) would in fact need to be materially cheaper than biomethane 

(natural gas) appliances.  

Whilst the above analysis is indicative only, what we believe it demonstrates is that: 

 Forecast long-term production cost declines for renewable gases such as hydrogen, 

renewable methane and biomethane are such that these gases may be able to reach levels 

that are relatively similar to the CCC’s long-term forecast of electricity prices; 

 Moreover, production costs are only one part of the value chain; there is clearly a trade-off 

between the commodity, appliance and related conversion costs and network costs of 

electrification as compared to other renewable gases; and 

 Even after taking into account an estimate of the relative efficiency of electric appliances, 

once allowances are made for the impact that the additional loads might have on electricity 

networks, renewable gases may well be a more economic path to decarbonising existing gas 

uses in the long term; and 

 To be assured about the efficiency of any individual policy, particularly one that seeks to 

prohibit gas consumption, the CCC (and policymakers) should analyse in detail the: 

 Customer-side costs (e.g., the relative cost of different appliances, and changeover 

costs);  

 Relative efficiency of the electric appliances that might be adopted in lieu of gas or 

hydrogen-enabled appliances; and  
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 Impact that customer switching is likely to have on electricity networks’ peak demands, 

and in turn future costs, as well as gas networks if hydrogen is adopted32.  

The following sub-section provides some further information on customer switching costs. 

4.3.1. Customer transition costs 

The cost that residential and commercial customers would incur in converting from the use of 

natural gas appliances to electricity appliances include not only the difference in the capital costs 

between the two types of appliances33, but also any additional labour and other costs associated 

with the change from gas to electricity. Those other costs could include labour and material costs 

associated with the need for additional wiring or meter board alterations to accommodate the 

additional electricity supply required. 

The time available for this response did not allow us to undertake a comprehensive, independent 

survey of these costs in New Zealand. However, the following figures from Powerco provide a 

useful indication of the likely retrofit costs associated with the replacement of residential gas 

appliances with corresponding electric equipment. 

Table 9: Indicative retrofit costs for replacing residential gas appliances to electric equipment 

End-use appliances Annual gas load (GJ) Approximate proportion of 
Powerco customers with 
this suite of appliances 

Retrofit cost34 

Water heater + hobs35 <14 27% $2,025 

Water heater and space 
heating (simple system / 
low consumption) 

14-30 37% $2,778 

Water heater and space 
heating (medium 
complexity system / 
medium consumption) 

30-40 12% $3,525 

Water heater and space 
heating (complex system / 
high consumption) 

40-50 8% $4,687 

Water heater + hobs and 
Central or Radiator heating 

50+ 16% $10,425 

Weighted average retrofit 
cost 

 100% $4,011 

Source: Powerco 

 

32  We understand that the NZ gas businesses are currently undertaking work to determine the extent of the impact catering 
for renewable gases such as hydrogen would have on the costs of operating existing gas grids. 

33  Where the changeout occurs at the end of the useful life of the gas appliance this difference is only the difference in the 
cost of the two types of appliance. However, if the changeout occurs prior to the end of the useful life of the gas appliance 
some allowance for the reduced economic life of that appliance should also be taken into account, 

34  For simplicity, assumes that appliance and installation costs for gas and electricity for space heating appliances are the 
same, and that removal and disposal costs are the same. 

35  Assumes replacement of gas instantaneous water heater with an electric cylinder water heater and gas hobs with electric 
hobs. 
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The figures show that on average, these costs are about $4,000 per house using natural gas. 

The retrofit costs for a house using LPG are estimated to be somewhat lower, at about $3,000. 

4.4. Indirect costs and benefits associated with different decarbonisation options 

There are a number of other indirect costs and benefits associated with different decarbonisation 

options. It is important to explicitly consider the nature and scale of these costs when assessing 

policy options that foreclose particular fuels or technologies. It is not clear that the CCC’s analysis 

has given these due consideration when developing their policy recommendations. 

These are discussed in more detail below. 

4.4.1. Impact on the economics of the existing gas networks and in turn the supply of gas to 

hard-to-abate sectors in the long-term 

The CCC is forecasting: 

 Gas consumption to decline under the various scenarios that the CCC has modelled, with 

the CCC modelling a relatively gradual transition away from gas for residential and 

commercial customers over a 20 year period; and 

 Gas to be consumed beyond 2050 under all modelled scenarios, primarily by customers who 

are in what are generally termed ‘hard-to-abate’ sectors.  

The former assumption may impact on the veracity of the latter assumption, if: 

 Residential and commercial customers switch away from gas more quickly than what the 

CCC has assumed, impacting upon the underlying economics of gas networks; and 

 The CCC has implicitly assumed that gas distribution businesses will continue to supply gas 

to ‘hard-to-abate’ sectors in the long-term at prices that enable them to continue to be 

economic. 

Each of these is discussed in more detail in the following sections. 

The impact on the economics of gas networks 

A combination of factors appears to be contributing to the CCC forecasting a material change in 

the bills that residential and commercial electricity and gas customers will face out to 2035 (and 

beyond), which goes to customers’ incentive to adopt gas, which is a fuel of choice, and in turn, 

the underlying economics of gas distribution networks. 
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Figure 21: CCC’s modelled residential electricity and gas retail prices 

 

Source: OGW analysis of CCC’s Technical-assumptions-in-ENZ-energy-and-transport-2021-02-18.xls’ – ‘Our path to 

2035’; Conversion based on 1GJ = 0.277778MWh.  

Based on the CCC’s published information, the relative cost advantage that gas has held over 

electricity (on an energy-on-energy basis) will dissipate by around 2027, with electricity forecast 

to quickly gain a significant relative cost advantage over gas thereafter. Based on our analysis of 

the CCC’s modelling, the factors contributing to this outcome appear to be: 

 An assumed move to more cost reflective electricity charges – resulting in, amongst other 

things, higher fixed charges being offset by lower variable charges; and 

 Higher gas distribution charges and carbon-related charges related to the consumption of 

gas – each of which contributes around $6.80/GJ to higher residential gas bills under the 

CCC’s ‘Our Path to 2035’ case - with the former driven by the lower throughput gas volumes 

(resulting in higher unit charges for gas).  

An inevitable outcome of this cross-over in the relative costs of gas and electricity is that some 

customers will elect to switch from gas to electricity on purely economic grounds, bringing forward 

switching, relative to the CCC’s modelled transition (which assumes a gradual transition over a 

20 year period).  

To illustrate the switching economics, the following table highlights the annual saving to 

customers in 2035, and the economics of bringing forward appliance replacements.  
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Table 10: Economics of bringing forward the purchase of electric appliances 

Parameter Annual Usage  

 10GJ 20GJ 30GJ 

Per annum saving in 2035 (energy-on-
energy)* 

 $152.05   $304.10   $456.15  

PV of savings over 20 years (energy-
on-energy)* 

$2,161.01 $4,322.03 $6,483.04 

    

Per annum saving in 2035 (with an 
assumed efficiency)** 

 $202.74   $405.47   $608.21  

PV of savings over 20 years (with an 
assumed efficiency)** 

$2,881.35 $5,762.71 $8,644.06 

    

Breakeven Capex b.f one year**  $5,792.43   $11,584.86   $17,377.29  

Breakeven Capex b.f 2 year**  $2,896.22   $5,792.43   $8,688.65  

Breakeven Capex b.f 3 year**  $1,930.81   $3,861.62   $5,792.43  

Breakeven Capex b.f 4 year**  $1,448.11   $2,896.22   $4,344.32  

Breakeven Capex b.f 5 year**  $1,158.49   $2,316.97   $3,475.46  

*Does not take into account different efficiencies (e.g., COP for heat pumps); **Assumes an efficiency of electricity 

appliances over gas appliances of 25%, which is likely to be relatively conservative; Customer Discount Rate (WACC) = 

3.5% 

Whilst bringing forward switching, and hence the emissions reductions associated with switching 

from gas to electricity, in and of itself may be appealing to the CCC, it may also have a material 

consequential impact upon the CCC’s modelled outcomes. This is because the CCC’s modelling 

appears to implicitly assume that the gas businesses affected by the declining volumes and in 

turn declining revenues, will continue to be financially viable (and hence will continue to operate) 

until at least 2050 in order to service the future gas demands of customers in hard-to-abate 

sectors.  

This long-term viability is questionable, given any reduction in residential and commercial 

volumes will disproportionately impact on the revenues network businesses generate relative to 

their costs36, as: 

 Businesses recover the majority of their costs from residential and small commercial 

customers, with these customers contributing around 65% of New Zealand’s gas network 

businesses’ revenue, despite only consuming around 20% of the volume (see below);  

 

36  For example, Firstgas states, in the context of the development of its prices for gas transmission services, that “given the 
substantial costs of the transmission system, there is a strong commercial drive on the GTB to maintain and improve 
economies of density (more consumers per unit of pipeline) and economies of scale (more GJ delivered per unit of 
pipeline). Improved economies of scale and density mean that the GTB can use its capital more efficiently; consumers 
ultimately benefit from the sharing of common costs across a wider number of consumers and/or gas throughput. A more 
diverse consumer base is also in the GTB’s commercial interests as it mitigates asset stranding risks and increases the 
commercial resilience of gas transmission”. (Firstgas, Pricing Methodology for Gas Transmission Services, From 1 
October 2018)  
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 Businesses have limited ability to rebalance their tariffs towards remaining customers, as 

those customers are likely to be particularly sensitive to increases in the price of gas, hence 

any price increase is likely to be a catalyst for business closures;  

 Businesses’ costs are predominately either fixed or sunk, not variable, hence the reduced 

volumes (and customers served) are unlikely to material impact on their costs-to-serve; and 

 Customers who are likely to continue to use gas over the the CCC’s forecast evaluation 

period (hard-to-abate, industrial customers) do not appear to be clustered together37, which 

means that the ‘right-sizing’ of businesses in response to the new demand for their services 

is unlikely to unlock equivalent reductions in the size, scale or spread of their network. 

Figure 22: Proportion of revenue NZ network businesses generate from different customer classes 

 

Source: Vector's 2020 GDB Information Disclosure -  Schedule 8 (Billed Quantities by Price Component); Firstgas, Final 

GDB Information Disclosure 2019 -  Schedule 8 (Billed Quantities by Price Component); PowerCo, Gas Distribuion 

Services – Annual Information Disclosure Statement 2019 – Schedule 8 (Billed Quantities by Price Component). 

To illustrate the potential extent of this issue, the following table highlights: 

 The revenue that each gas distribution business generated from its different customer 

categories in either their 2019 (or 2020) information disclosures;  

 The operational expenditures that each gas distribution business incurred, by reported 

category, in that same year;  

 The forecast revenue each business might expect to generate from its different customer 

categories in 2035 and 2050, based on overlaying the CCC’s forecast decline in residential 

and commercial volumes on the current revenues that each business generates from those 

customer categories;  

 

37  For example, Powerco have informed us that they would have to continue to operate in the order of 90% of their sub-
network. 
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 The forecast revenue38 each business might expect to generate from its different customer 

categories in 2040, based on an economic switching model underpinned by the CCC’s 

modelled residential gas and electricity prices; and 

 The: 

 Residual coverage, being forecast revenue under each of the above situations less 

current operating costs39; and alternatively 

 Impact on industrial tariffs if lost revenue was to be recovered via higher industrial prices. 

Table 11: Total revenue and ability to as a minimum, cover existing operating expenditures – Vector 

Parameter ($’000) Current1 20352 20503 2040 (economic 
switching)4 

Revenue     

Residential Revenue [A] $27,536 $16,338 $557 $6,150 

Business revenue [B] $1,445 $857 $29 $322 

Commercial Revenue [C] $9,931 $5,892 $200 $2,218 

Industrial [D] $8,832 $8,832 $8,832 $8,832 

Total  $47,744 $31,919 $9,618 $17,522 

     

Operating and Notional Interest 
Expenditure 

    

Network opex $5,238 $5,238 $5,238 $5,238 

Non-network opex $7,855 $7,855 $7,855 $7,855 

Notional interest [Schedule 5a(i)] $5,812 $5,812 $5,812 $5,812 

Total [F] $18,905 $18,905 $18,905 $18,905 

     

Residual Coverage $28,839 $13,014 -$9,287 -$1,383 

Equivalent Per GJ industrial tariff to 
maintain current revenues 

$1.0543 $2.9434 $5.6056 $4.6621 

Per GJ industrial tariff to maintain 
positive residual coverage 

$1.0543 $1.0543 $2.1629 $1.2194 

 

38  This assumes that all industrial load will continue to be served at current prices. In reality, the businesses will also see 

declines in the revenues that they generate from these customers, linked to declines in volumes. This would further 
exacerbate the financial viability issue. 

39  This approach implicitly assumes that operating costs will not decline as volumes (or revenues) decline. If anything, this 
is likely to overestimate operating costs. Whilst we cannot be sure of the magnitude of this, given the cost structures of 
gas network businesses and the fact that businesses have indicated that they will have to continue to operate most parts 
of their network to provide gas to existing ‘hard-to-abate’ sectors, the magnitude of this overestimate is unlikely to affect 
the conclusions that are drawn from this analysis. 
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Source: 1. Vector's 2020 GDB Information Disclosure for Schedules 7 and 8; 2. Reflects the percentage decline in 

residential, commercial and agricultural gas demand between 2020 and 2035 from the CCC’s ‘Our Path to 2035’ sheet 

(Row 215, ‘Draft-Advice Scenarios-dataset’); 3. Reflects the percentage decline in residential, commercial and 

agricultural gas demand between 2020 and 2050 from the CCC’s ‘Further Technology Change’ sheet (Row 215, ‘Draft-

Advice Scenarios-dataset’); 4. Proxied by bringing forward declines in volumes by 5 years, which broadly reflects the 

economics of switching as highlighted earlier.  

Table 12: Total revenue and ability to as a minimum, cover existing operating expenditures – Firstgas 

Parameter ($’000) Current1 20352 20503 2040 (economic 
switching)4 

Revenue     

Residential Revenue [A] $14,901 $8,841 $301 $3,328 

Business revenue [B] $880 $522 $17 $196 

Commercial Revenue [C] $5,966 $3,539 $120 $1,332 

Industrial [D] $2,009 $2,009 $2,009 $2,009 

Total  $23,756 $14,911 $2,447 $6,865 

     

Operating and Notional Interest 
Expenditure 

    

Network opex $3,425 $3,425 $3,425 $3,425 

Non-network opex $3,574 $3,574 $3,574 $3,574 

Notional interest [Schedule 5a(i)] $2,401 $2,401 $2,401 $2,401 

Total [F] $9,400 $9,400 $9,400 $9,400 

     

Residual Coverage $14,356 $5,511 -$6,953 -$2,535 

Equivalent Per GJ industrial tariff to 
maintain current revenues 

$0.3666 $1.9807 $4.2551 $3.4489 

Per GJ industrial tariff to maintain 
positive residual coverage 

$0.3666 $0.3666 $1.6354 $0.8292 

Source: 1. Firstgas, Final GDB Information Disclosure 2019 – Schedules 7 and 8; 2. Reflects the percentage decline in 

residential, commercial and agricultural gas demand between 2020 and 2035 from the CCC’s ‘Our Path to 2035’ sheet 

(Row 215, ‘Draft-Advice Scenarios-dataset’); 3. Reflects the percentage decline in residential, commercial and 

agricultural gas demand between 2020 and 2050 from the CCC’s ‘Further Technology Change’ sheet (Row 215, ‘Draft-

Advice Scenarios-dataset’); 4. Proxied by bringing forward declines in volumes by 5 years, which broadly reflects the 

economics of switching as highlighted earlier. 
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Table 13: Total revenue and ability to as a minimum, cover existing operating expenditures – Powerco 

Parameter ($’000) Current1 20352 20503 2040 (economic 
switching)4 

Revenue     

Residential Revenue [A] $37,266 $22,111 $754 $8,324 

Business revenue [B]  $0 $0 $0 

Commercial Revenue [C] $10,913 $6,475 $220 $2,437 

Industrial [D] $4,530 $4,530 $4,530 $4,530 

Total  $52,709 $33,116 $5,504 $15,291 

     

Operating and Notional Interest 
Expenditure 

    

Network opex $5,998 $5,998 $5,998 $5,998 

Non-network opex $10,063 $10,063 $10,063 $10,063 

Notional interest [Schedule 5a(i)] $5,993 $5,993 $5,993 $5,993 

Total [F] $22,054 $22,054 $22,054 $22,054 

     

Residual Coverage $30,655 $11,062 -$16,550 -$6,763 

Equivalent Per GJ industrial tariff to 
maintain current revenues 

$1.2693 $6.7590 $14.4957 $11.7534 

Per GJ industrial tariff to maintain 
positive residual coverage 

$1.2693 $1.2693 $5.9064 $3.1642 

Source: 1. Powerco, Gas Distribuion Services – Annual Information Disclosure Statement 2019 – Schedules 7 and 8; 2. 

Reflects the percentage decline in residential, commercial and agricultural gas demand between 2020 and 2035 from the 

CCC’s ‘Our Path to 2035’ sheet (Row 215, ‘Draft-Advice Scenarios-dataset’); 3. Reflects the percentage decline in 

residential, commercial and agricultural gas demand between 2020 and 2050 from the CCC’s ‘Further Technology 

Change’ sheet (Row 215, ‘Draft-Advice Scenarios-dataset’); 4. Proxied by bringing forward declines in volumes by 5 

years, which broadly reflects the economics of switching as highlighted earlier. 

As can be seen from the above tables, the forecast decline in residential and commercial gas 

consumption is likely to significantly impact upon the underlying economics of each of the 

businesses. Moreover, if the CCC’s forecast bill impacts are to be believed, then this would occur 

well before 2050, because of the incentive it suggests there will be for customers to elect to switch 

from gas to electricity. Whilst this would obviously be of significant concern to shareholders of 

these business, it begs the question as to the veracity of the CCC’s implicit assumption that these 

businesses will continue to operate in a manner that allows gas to continue to be delivered to 

hard-to-abate customers in the longer term. This includes making investments in the near term 

in long-lived assets whose costs may not be able to be recovered.  
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Impact on residual industrial/large commercial customers 

Unfortunately, the information provided by the CCC does not separate out gas demands over the 

forecast time horizon into those that will be directly served from the gas transmission system, 

versus those that will be served via a connection to a gas distribution system. Therefore, it is 

impossible to know exactly what levels of residual gas demand on gas distribution networks is 

implied by the CCC’s modelling. Comprehensive analysis of this will be essential to  ensure 

policies that target particular customer groups are feasible (e.g., assuming networks remain 

available for hard-to-abate customer segments).   

However, based on information provided by NZ’s gas businesses, these hard-to-abate customers 

are not likely to be limited to just transmission connected customers – that is, many of them are 

likely to be distribution connected, and hence will rely on existing (or part thereof) gas distribution 

networks being retained.  

For example, Vector has noted that  its top 5 customers represent 20% of its gas consumption40. 

These customers operate in the following industries: 

 Glass manufacturer 

 Sugar manufacturer 

 Paper bag manufacturer 

 Plaster board manufacturer 

 Wood treatment chemical manufacturer 

On face value, businesses operating in these industries using these types of volumes, are almost 

certainly likely to fit the category of hard-to-abate customers. Vector has also provided a 

breakdown of its top 10 gas consuming industries (by ANZIC code).  

Figure 23: Top 10 gas consuming industries - Vector 

 

Source: Vector, private correspondence 

 

40  Per information provided by Vector 
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Again, industries such as non-metallic mineral product manufacturing, food product 

manufacturing and polymer and rubber product manufacturing, amongst others, are likely to be 

relatively hard-to-abate.  

Similarly, Powerco has indicated41 that over 3,300TJ of its ~5700TJ of commercial and industrial 

gas demand is related to the manufacturing sector. Whilst we do not have a further breakdown 

of this volume by industry classification, one would assume that a reasonable portion of this 

demand is likely to be associated with hard-to-abate sectors. 

Collectively, this information indicates that even though the CCC has not identified exactly how 

much demand will need to be serviced by gas distribution businesses over its forecast horizon, 

for each of its modelled scenarios, a material portion of that demand is likely to be related to 

customers who are connected to the distribution system.  Put another way, the CCC modelled 

outcomes appear to implicitly assume that NZ’s gas distribution business will continue to operate 

(and hence, presumably, will continue to be viable) over the entirety of the forecast time horizon. 

As discussed above, this assumption is questionable. 

4.4.2. Option value 

The CCC explicitly states that one of its design principles is to ‘create options’ (‘Principle 3 – 

Create Options’) when developing its decarbonisation pathway for gas. As the CCC states42: 

“there is much uncertainty in embarking on this decades-long transition. Uncertainty is not a reason for 

delay. There is value in creating options for meeting the targets and having the ability to adjust course 

as the transition proceeds . The decisions taken now should open up a wide range of future options 

and keep options open for as long as possible. This needs to be balanced with the need to take 

advantage of key windows of opportunity, where making significant investments in key technologies 

could ultimately make the transition to low emissions cheaper and faster”. 

We agree with this criteria. We would alternatively frame this by saying that locking in solutions 

to ensure intermediate targets are met, whilst crowding out potentially viable long-term 

alternatives, could lead to suboptimal outcomes.  

The CCC’s discussion around hard-to-abate sectors is an excellent reference case; the future is 

uncertain, and it is not clear what the most efficient long-term solution will necessarily be43: 

Hard-to-abate industries are likely to still create significant emissions in 2050, but they provide products 

that are fundamental to the economy, like cement, steel and iron. Aotearoa has a choice as to whether 

it is critical to keep these industries and manufacturing plants based here. If Aotearoa keeps old, 

emitting plants it would be possible to use forestry to offset the associated emissions. It may be 

beneficial to investigate the potential of other options to remove emissions from hard to abate industries, 

such as carbon capture and storage (CCS) or bioenergy combined with CCS (BECCS). However, 

considerable research would be required as these technologies are still largely in a research and 

concept phase in Aotearoa.  

There is also the potential to transform industrial processes from the hard-to-abate sectors to achieve 

gross emissions reductions in line with climate change targets. The country’s heavy industrial 

manufacturing plants are relatively old and built to accommodate specific industrial processes. Entirely 

new industrial processes and technologies could potentially be adopted, or plants could be modernised 

between now and 2050, or retrofitted to make use of alternative fuels. Other choices are also available; 

for example, Aotearoa could import products from low emissions manufacturing plants overseas.  

 

41  Per information provided by Powerco 

42  Climate Change Commission, “2021 Draft Advice for Consultation”, 31 January 2021, page 30 

43  Ibid, page 116 
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Retrofitting industrial plants with new technologies or building new low emissions processes for the 

hard-to-abate sectors is expensive based on current cost estimates. Significant research, development 

and innovation is required. Technologies developed overseas may need to be adapted to work in the 

unique Aotearoa industry processes.  

A long-term strategy for hard-to-abate industries should be developed and closely linked to the 

country’s Economic Plans, national infrastructure developments and equitable transitions planning. If 

the Government decides these hard-to-abate industries are critical national infrastructure, it must work 

collaboratively and inclusively to ensure that people working in these industries are upskilled 

appropriately. 

The CCC considers that its recommendations have “created options” and to have “kept them 

open for as long as possible44”. In some ways, they have, in that they allow for actions in some 

areas to be increased if actions in other areas were slower than expected, however, in some 

ways, they haven’t. The prime example of which is the CCC’s recommendations that relate to 

gas usage, which explicitly have the effect of banning new gas connections, and implicitly, are 

likely to have the effect of foreclosing on longer term options that might be able to leverage off 

the existing gas infrastructure, given the significant uncertainties that its policies create for the 

on-going financial viability of these businesses.  

4.4.3. Limiting customer choice 

The industry has always understood that gas is a fuel of choice for most customers. For example, 

in the context of the development of its prices for gas transmission services, Firstgas states that45: 

“the starting point for establishing prices for gas transmission services is a consideration of the role of 

gas as a fuel. Unlike electricity, gas is a discretionary fuel for many consumers”.  

They go on to say that: 

“a key part of the GTB’s pricing methodology is testing proposed prices against the lowest cost 

alternative energy source”… and that they had previously asked PWC “to calculate an implied cap for 

gas transmission cost based on the cost of alternative fuels…….the implied cap on gas transmission cost 

is a proxy for the maximum price that could be charged for a gas transmission service before an 

alternative fuel becomes more cost effective”. 

Gas appears to not only have been able to survive in this environment, but it appears to have 

flourished, and it is not simply due to underlying growth in new dwellings. For example, Vector 

has indicated to us that around 32% of its new residential gas connections (per annum) are to 

existing dwellings – that is, existing customers, who already have an electricity connection, are 

choosing to take on an additional connection (with the associated connection costs) to gain 

access to gas. Clearly, some customers prefer gas over electricity for some (or many) of their 

energy needs, even though it requires them to incur significantly higher costs (associated with a 

second connection).  

By recommending a policy that involves prohibiting new natural gas connections, and providing 

for all new or replacement heating systems that are installed to be electric or bioenergy, the CCC 

is limiting customer choice, and in turn, economic efficiency, as these types of customers (who 

are likely to place a significant value on accessing gas) may be forced to adopt replacement fuels 

that even after allowing for the economic cost of carbon, they would not have elected to use.  

 

44  Ibid, page 55 

45  Firstgas, Pricing Methodology for Gas Transmission Services, From 1 October 2018, section 3  
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Whilst there are many examples of products or services that have been prohibited or limited by 

Government policy, these have generally been where there are material unpriced negative 

externalities (and in particular, where there are clear and present health and safety risks). This is 

not the case in NZ, where there is an Emissions Trading Scheme (ETS). To the extent that there 

are any concerns regarding the ability for market participants to ‘efficiently’ respond to these price 

signals (e.g., due to information asymmetry), then from a policy perspective, one would have 

thought it preferable to overcome the underlying cause of the issue, as opposed to adopting blunt 

policy measures that limit rational customers from responding to the revealed, efficient, price 

signals. To this end, it appears that part of the CCC’s rationale for presenting this 

recommendation is to “avoid new heating systems having to be scrapped before the end of their 

useful lives”, with it saying that “this means that our path assumes all new space heating or hot 

water systems installed after 2025 in new buildings are either electric or biomass”.  

Firstly, it is not clear how the CCC has determined the materiality of this issue, and how this in 

turn has been explicitly used to inform its policy considerations, particularly regarding the 

proposed timing of the prohibition on new gas connections (2025, or earlier). In saying this, we 

note that the average life of a hot water system is about 10 years, and for a gas space heating 

system, about 15 years, which would mean that installations in 2025 would need to be replaced 

well within the CCC’s overall time horizon and by 2035 in many cases. Prima facie, the risk of 

“new heating systems having to be scrapped before the end of their useful lives” would appear 

to be quite low, in the context of the CCC’s proposed (2025, or earlier) timeframe, and low even 

if this prohibition were to be delayed even by 5 years.  

Moreover, if the concern is that “new heating systems having to be scrapped before the end of 

their useful lives”, that is, that the potential information asymmetry is that customers are not aware 

of this risk, then ensuring that customers are actually made aware of this should form part of the 

broader suite of policies adopted – rather than relying on blunt prohibitions.  

4.4.4. Catalysing new technologies and new markets 

The CCC notes that46:  

Being an early mover in researching new technologies and adopting existing technologies will benefit 

not just the climate, but the economy and wellbeing of New Zealanders. 

The CCC notes the particular potential of hydrogen in other parts of its report:  

Aotearoa should take action to scale up the manufacture of low emissions fuels like biofuels or 

hydrogen-derived synthetic fuels in the first three emissions budget periods47 

For example, there are opportunities to create new jobs associated with the circular economy, such as 

using wood waste for biofuels, and new industries, such as hydrogen48 

Bioenergy and hydrogen both hold promise, but Aotearoa needs to understand how best to make use 

of their potential. Our analysis indicates that these fuels have significant potential for reducing 

emissions in transport, process heat and industrial processes. However, more work is needed to 

support establishing supply chains and infrastructure and making them more cost competitive49. 

 

46  Climate Change Commission, “2021 Draft Advice for Consultation”, 31 January 2021, page 97 

47  Ibid, page 60 

48  Ibid, page 96 

49  Ibid, page 115 
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We completely support the CCC’s view on this issue. In particular, existing, but currently 

uneconomic technologies/solutions such as hydrogen and renewable methane have significant 

potential to displace existing fossil fuels, across both multiple sectors (e.g., stationary energy, 

transport), and on a world scale given its ability to be exported. 

However, it is not clear how the CCC’s policy recommendations (particularly those in relation to 

the gas industry) have been designed to support being an “early mover in researching new 

technologies” or to take action to “scale up the manufacture of low emissions fuels like biofuels 

or hydrogen-derived synthetic fuels”. For example, a way of supporting the establishment of 

supply chains and infrastructure for technologies such as hydrogen and renewable methane 

would be to incentivise their use in ‘easy to access’ domestic markets such as displacing natural 

gas, with this presenting a necessary building block to (potentially) accessing international 

markets and other secondary markets such as transportation. 

Put another way, if, 

 supporting being an ‘early mover in researching new technologies’ is a consideration, and  

 hydrogen and renewable methane are considered to be key ‘new technologies’ with 

significant long-term upside, then 

 policies should as a minimum, seek to ‘do no harm’ to their prospects, and preferably, provide 

some form of direct or indirect assistance to these nascent, but potentially lucrative (in terms 

of both emissions reduction potential and economic) technologies. 

4.4.5. Other electricity market benefits 

Depending on their location and the technical capabilities of the facility, embedded electrolysers 

(utility-scale or distributed) are likely to be able to support power system security, operability and 

reliability. 

For example, they are able to provide dispatchable load, with the amount of hydrogen that is 

produced from an existing facility at any point in time able to be tailored to the conditions affecting 

its key feedstock (e.g., the price of electricity, for electrolysis). ‘Dispatchable loads’ are likely to 

be more valuable in the future given the increased uptake in VRE, which, everything else being 

equal, is likely to see more volatile wholesale electricity prices.  

Electrolysers can also provide grid stability services, with most common electrolyser technologies 

able to be ramped up and down almost instantaneously across their operating envelope. This 

makes their operation well placed to provide grid support services such as raising and lowering 

frequency by reducing/increasing demand. 

Finally, hydrogen (and renewable methane made from hydrogen) is able to be stored, hence it is 

able to contribute to NZ’s energy security. Given the CCC notes that there are questions over the 

technical and economic feasibility, and public support, of many of the other proposed solutions 

for generating sufficient renewable electricity in years when hydro lake levels are low (the “dry 

year” issue), there may be benefits in considering hydrogen (or renewable methane) further in 

this context, a fact that the CCC notes itself50:  

Other actions to increase resilience of the electricity grid and the system include building new 

generation in the North Island, reinforcing the transmission infrastructure, deploying new technologies 

such as batteries, and diversifying into new fuels such as biofuels and hydrogen that boost energy 

security. 

 

50  Ibid, page 91 
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5. Alternative policy options that could be adopted 

5.1. Objective of section 

The objective of this section is to consider approaches that have been used both in New Zealand 

and other jurisdictions to accomplish objectives similar to those being addressed in the CCC‘s 

2021 Draft Advice for Consultation concerning the decarbonisation of the end uses currently 

served by natural gas, particularly in buildings. 

To do so, this section: 

 Reviews the principles the CCC cites as underlying its advice; and 

 Discusses policy options that have been considered/implemented in other jurisdictions, and 

compares and contrasts those approaches with the CCC’s approach. 

5.2. Criteria for assessing different policy options 

5.2.1. Criteria put forward by the CCC 

The CCC has stated that it has adopted a number of principles to help guide its advice. These 

principles are summarised in the table below. 

Table 14: Criteria or principles to help guide advice 

Principles Key Features 

Principle 1: Align with 
the 2050 targets. 

 Meeting targets requires a long-term view of investments and infrastructure 
developments. 

 Assets and investments with long lifetimes will need to be transformed, and planning 
for and developing new low emissions infrastructure will take time. 

 Actions taken in the next five years will need to set Aotearoa up to deliver the deeper 
reductions required in subsequent emissions budgets and to meet and sustain the 
2050 targets. 

Principle 2: Focus on 
decarbonising the 
economy. 

 Prioritise actions that reduce gross emissions, as well as removing emissions by 
sequestering carbon dioxide in forests  

 Focus on decarbonising industries rather than reducing production in a way that 
could increase emissions offshore 

  Forest sequestration should not displace making gross emissions reductions. 

Principle 3: Create 
options. 

 There is much uncertainty in embarking on this decades-long transition.  

 There is value in creating options for meeting the targets and having the ability to 
adjust course as the transition proceeds  

 The decisions taken now should open up a wide range of future options and keep 
options open for as long as possible.  

 This needs to be balanced with the need to take advantage of key windows of 
opportunity, where making significant investments in key technologies could 
ultimately make the transition to low emissions cheaper and faster. 

Principle 4: Avoid 
unnecessary cost. 

 Actions Aotearoa takes to meet emissions budgets and targets should avoid 
unnecessary costs.  

 This means using measures with lower costs and planning ahead so that 
technologies, assets and infrastructure can be replaced with low emissions choices 
on as natural a cycle as possible.  

 This will help to avoid scrapping assets before the end of their useful lives or being 
left with stranded assets. 
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Principles Key Features 

Principle 5: Transition 
in an equitable and 
inclusive way. 

 Decisions on the steps to be taken should consider equity across different groups of 
society, regions and communities and generations.  

 The climate transition should be well planned and signalled in advance to give 
communities, businesses and individuals time to innovate and adapt, build new 
markets and retrain.  

 Aotearoa will need to build new markets, invest in peoples’ skills, and provide 
opportunities for environmentally and socially sustainable work. It should not penalise 
early movers 

Principle 6: Increase 
resilience to climate 
impacts. 

 Where possible, actions should increase the country’s resilience to the impacts of 
climate change that are already being experienced and that will increase in the future 

Principle 7: Leverage 
co-benefits. 

 Actions should consider the wider benefits, including benefits to health, broader 
wellbeing and the environment.  

 Co-benefits can provide further reason to take particular actions where the initial 
emissions reductions may be modest or appear relatively costly. 

 

Key criteria that we believe should be adopted, and which align with the CCC’s criteria are: 

 There is significant benefit in leaving options open; 

 Policy directions should be focused on incentivising the achievement of the CCC’s outputs, 

rather than “picking winners” or “prescribing solutions”, which may not be the most efficient 

path in the fullness of time; and 

 Wherever possible, policy directions should be underpinned by the use of markets to drive 

desired policy outcomes.  

5.2.2. Principles incorporated into the policies and actions of other jurisdictions 

Three of the principles that are mentioned above have been specifically called out as being 

important by key parties in the UK and Europe.  They are: 

 Keeping options open; 

 Avoiding picking winners, and relying on the market and competition to identify new, 

innovative solutions; and  

 Seeking least-cost solutions. 

The comments that follow provide insight into the views of those stakeholders and the degree to 

which they are inter-related and mutually reinforcing. 

The UK’s Department of Business, Energy and Industry Strategy (BEIS), which is responsible for 

the Residential Heating Initiative (RHI) which has run for a number of years and the Green Gas 

Support Scheme which is to replace the RHI, has stated that it expects to focus on market-based 

mechanisms that leverage competitive forces to drive down costs and ensure cost-effectiveness, 

as the basis for any ongoing policy support for the range of green gas options that might be 

commercially available.  
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It notes that there are a variety of approaches which might be considered for the design of a 

longer-term support mechanism. They mention, as an example, that a future scheme could 

potentially take the form of a Supplier Obligation, which would legally obligate gas suppliers to 

supply their customers with a certain volume or percentage of green gas51.  

In its document entitled Our Strategic Narrative 2019-2023, Ofgem (the UK’s electricity, gas and 

water regulator) had identified its three core priorities as being to: 

1. Enable competition and innovation which drives down prices and results in new products and 

services; 

2. Protect consumers, especially the vulnerable, stamping out sharp practice and ensuring fair 

treatment; and 

3. Decarbonise to deliver a net zero economy at the lowest cost to consumers 

Ofgem published its Decarbonisation Action Plan in February 2020, prior to the Sixth Carbon 

Budget. In light of those objectives, the Plan stated that it52:  

aims to facilitate the most effective path to net zero at the lowest cost to consumers, in the context of 

government policy” [but recognises that] in many areas the most cost-effective pathways to net zero 

are still uncertain and consequently the investment needs are unclear. As a step towards adaptive 

regulation, we are therefore announcing a new approach to dealing with unforeseen significant policy 

or technological developments that might affect our regulation of networks. This will help us respond to 

the net zero challenge whilst keeping down the costs to consumers. 

In the Plan, Ofgem also noted that: 

There will be significant changes to the way we heat our homes and businesses. The best way forward 

is not yet clear, but it could include the development of hydrogen networks and the electrification of 

heating. We will work with government and harness our expertise, including in running energy support 

schemes and through innovation funding, to inform and develop the wider evidence base for the 

different options53. 

Innovation funding within network price controls has achieved significant successes in encouraging 

network companies to think about how they can innovate to achieve better outcomes for consumers. 

We plan to build on this success by developing the structure of innovation funding so that it is more 

focussed on the strategic challenges the networks face, particularly decarbonisation54. 

Decarbonising residential heating, which is currently responsible for around 18% of the UK’s 

greenhouse gas emissions, is arguably the biggest challenge that the energy sector faces over the 

coming decades . . . However, we and other stakeholders can take sensible ‘low regrets’ actions now, 

to ensure GB is well set up to achieve the huge task of heat decarbonisation. In particular, developing 

evidence on the feasibility and cost of different routes to decarbonisation will be critical to enable the 

sector to deliver a timely transition at lowest cost55. 

Comments in a document entitled The Bridge Beyond 2025: Conclusion Paper published jointly 

by the Agency for the Cooperation of Energy Regulators (ACER) and the Council of European 

Energy Regulators (CEER) are also worth noting regarding the need for flexibility.  

 

51  BEIS, Future support for low carbon heat, April 2020, p. 23. 

52  Ofgem, Decarbonisation Action Plan, February 2020, p. 5. 

53  Ibid, p. 6. 

54  Ibid, p. 17. 

55  Ibid, p 20. 
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Progress on decarbonisation of energy is already underway and needs to accelerate in the near term, 

not just in the medium term. However, the importance and priority of decarbonisation does not remove 

the need to improve outcomes for consumers where and whilst natural gas is still being used. 

Decarbonisation and market development need not be at odds; regulators’ emphasise that more 

efficient outcomes will be achieved through a full valuation of environmental externalities (“polluter 

pays” principle) in market pricing..56  

It is therefore important to ensure that the transition is based on sound economic principles and leads 

to the selection of the best-value technologies for decarbonisation . . . . We see significant potential 

benefits from competition between alternatives, including decarbonised gases.57  

In terms of the impact on existing networks, we note that care must be taken that new investments in 

natural gas networks are consistent with future decarbonisation. . . Where policy scenarios indicate that 

existing assets may become stranded, there should be a requirement [to address the associated risks].  

Options . . . include re-use of assets for alternative purposes, with accelerated depreciation, or 

decommissioning seen as last resorts.58  

5.3. Policy options considered/implemented considered elsewhere 

5.3.1. Home Efficiency Schemes – NZ and UK 

 NZ MBIE Transforming Operational Efficiency standards 

 UK minimum efficiency upgrade policy  

Description and objective of the schemes 

The UK’s Minimum Energy Efficiency Standards (MEES) were enacted in 2015 and came into 

effect in 2018. They set progressively more stringent minimum energy efficiency levels for 

privately owned domestic rental properties. Landlords are required to obtain an Energy 

Performance Certificate (EPC) prior to an existing lease being renewed or a new lease being 

entered into.  

The EPC measures the property’s energy efficiency as a whole, taking into account the heating 

system, insulation, and draught-proofing. A rating between A and G is given, with A being the 

highest level of efficiency. The initial regulations set a rating of E as the minimum rating at which 

a property can be leased or re-leased without incurring a financial penalty (which can be 

substantial59). The regulations allow for the minimum level to be raised over time, and the 

potential for the minimum to be raised to D by 2025 and C by 2030 has been discussed.  

An EPC report is issued alongside the rating and provides energy-saving suggestions on ways 

the property’s rating could be improved. Landlords that cannot obtain finance for the 

improvements required to meet the minimum standard are required to spend a minimum of 

£3,500 of their own money BPS on suggested improvements. 

 

56  Agency for the Cooperation of Energy Regulators (ACER) and Council of European Energy Regulators (CEER), The 
Bridge Beyond 2025: Conclusion Paper, November 2019, p.5. 

57  Ibid, p. 6. 

58  Ibid, p. 18. 

59  Financial penalties are linked to rateable value but can be as high as BPS 150,000. 
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New Zealand’s Ministry of Business, Innovation and Employment (MBIE) commenced a 

consultation process on its Building for Climate Change programme. One of the two key elements 

of the programme, the Transforming Operational Efficiency Framework, focuses on reducing 

carbon emissions related to the operation of buildings in areas such as heating, cooling, lighting 

and ventilation.  

The Framework would set a mandatory Operational Emissions Cap regarding the total allowable 

annual emissions per square meter per annum for all new buildings. The cap itself would reduce 

over time and will include requirements related to fossil fuel combustion, electricity use, water 

use and indoor environmental quality. 

The fossil fuel requirements will address improvements in thermal performance, hot water system 

and equipment efficiency, and the replacement of fossil fuels with electricity or other lower-carbon 

energy sources. 

Although the Ministry has not finished considering the responses to the consultation is has 

reported that of the 360 responses received:60  

95% either agreed or strongly agreed that the programme should include measures to improve 

operational efficiency, with 86% agreeing that the operational efficiency requirements should be 

introduced gradually  

Potential advantages as compared to the CCC approach  

The two schemes discussed above offer advantages as compared to a simple prohibition on new 

homes connecting to natural gas, as noted in the table below. 

Table 15: Potential advantages of efficiency standards compared to the CCC’s approach  

Benefit to consumers Description 

Incentivises least cost 
emission reductions 

• By setting performance-based standards, both the UK MEES/EPC and the MBIE 
Operational Efficiency Standards will incentivise competition and innovation to 
deliver the least cost means for meeting the applicable energy or emission 
standard. This will reduce costs for consumers and increase the options available 
in the market as a whole.  

• In contrast, the CCC’s prohibition on natural gas connections only addresses one 
source of emissions, and may not necessarily incentivise the most efficient 
outcomes, having regard to customers’ fuel preferences, the cost of emissions etc. 
It does not address energy efficiency (and therefore total operational cost to the 
consumer) or how the building affects the overall health/well-being of the building’s 
occupants. 

More diversified energy 
supply industry 

• Being performance based, both programs are agnostic regarding energy source, 
while providing specific features that encourage low carbon energy sources. The 
MBIE programme, for example, specifically recognises ‘other low carbon energy 
sources along with electricity as a means for reducing fossil fuel use and treats on-
site renewable electricity generation and storage as a credit (deduction) in its 
calculation of total electricity use.  

• By contrast, the CCC’s prohibition on connections to the gas network is likely to 
narrow the range of energy supply sources, particularly where it has the effect of 
reducing the economic viability of the gas distribution businesses, potentially 
leading to asset stranding and the inability (or increased cost) of using renewable 
gases at such time that they become economically competitive.  

 

60  http://www.building.govt.nz/about-building-performance/all-news-and-updates/building-for-climate-change-update/  
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Creates future 
optionality 

• The ability to meet a standard allows for alternatives without precluding 
approaches. Both the UK and NZ efficiency schemes are output focused and leave 
it to the market to deliver solutions. Those solutions will almost certainly provide 
different means for meeting the applicable standards, thereby increasing optionality 
and flexibility.  

• By contrast, the CCC approach simply defines an action that cannot be taken. In 
and of itself, this is unlikely to increase options and as noted above is likely to 
reduce the option of utilising the existing gas distribution network to distribute 
renewable gases.  

 

5.3.2. Renewable Gas Blending Scheme (proposed) 

Description and objective of scheme 

Energy Networks Australia (ENA), the peak body of energy distribution and transmission 

business in Australia, has proposed the use of a gas blending scheme.  

Put simply, a gas blending scheme seeks to incentivise the development of renewable (low to 

zero carbon) sources of gas for injection into existing natural gas networks. In its most simple 

form, a target is set, an entity or entities are legally obligated to surrender (renewable gas) 

certificates that demonstrate that they have met their legal obligations, and by doing so, a market 

for those certificates is created. This market, and more particular the revenues that renewable 

gas providers can generate from the creation of certificates that are sold into this market, 

underpins the development of renewable gas projects.   

Entities that have a legal obligation to surrender certificates have an incentive to do so at the 

least cost, hence, in totality, the output (being the target for renewable gases) should be met by 

least cost means. 

The ENA was of the view that such an approach could assist in de-carbonising Australia’s gas 

supply, whilst continuing to meet the need for gas by certain key industries for high temperature 

heat or feedstock and preserve the optionality provided by the existing gas distribution network 

to Australian homes, businesses and the energy supply chain. 

Potential advantages over the CCC approach  

The ENA identified a number of benefits of such Scheme that would translate to the NZ context. 
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Figure 24: Potential benefits to NZ consumers of a blending scheme 

 

The following table provides a very brief description of each potential benefit, and compares and 

contrast this with the CCC’s approach.  

Table 16: Potential benefits to consumers of a Blending Scheme, relative to the CCC’s approach 

Benefit to consumers Description 

Incentivises least cost 
emission reductions 

• Allows the market to reveal which options are the least cost means of achieving the 
overarching objective (which in this case, is a certain target for renewable gases). If 
designed correctly, this would also include the option of the liable entity 
incentivising its existing gas customers to switch to electricity to reduce its 
‘renewable gas liability’. Existing gas customers can assess this signal, against the 
value that they ascribe to gas (as compared to electricity) as well as the cost of 
appliance changeover, thus contributing the achievement of emissions reductions 
in the least economic cost.  

• Setting a broader, system-wide target for renewable gases would signal the scale 
of emissions reductions required across the whole of the gas system and 
encourage investment without locking in a prescribed pathway.  

• In contrast, the CCC’s deterministic approach precludes customer choice, implicitly 
leading to outcomes whereby a customer who may have otherwise valued (green) 
gas over (green) electricity, would be precluded from accessing their preferred 
(green) fuel of choice. Moreover, it both explicitly and implicitly prescribes a 
pathway towards decarbonising the gas sector – one that excludes renewable 
gases. 

More diversified energy 
supply industry 

• Creates a more diverse and resilient energy supply sector, as it facilitates the 
distributed, but scalable, storage of energy that is not weather dependent; and is 
provided by a second network.  

• Whilst the CCC notes that risk of relying on “electricity to meet much of the 
country’s transport, heating, cooking and industry needs carries risk in a nation 
exposed to natural hazards and other potential disruptions”, it policy approach, 
both directly (through prohibition) and indirectly (through its impact on the 
economics of gas versus electricity as residential and small commercial volumes 
decline), will lead to customers being solely reliant on one (electricity) network and 
system. This risk will be even more pronounced as the mobility sector also 
becomes more reliant on the electricity sector via EV loads. This magnifies the 
impact electricity-related risks have on end customers – whether they are at a 
network level (e.g., network outages), or at a supply level (e.g., dry year issues).  

Long-term 
interests of 
consumers

Incentivises 
least cost 
emission 

reductions

More 
diversified 

energy 
supply 

industry

Creates 
future 

optionality
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Creates future 
optionality 

• The creation of a blending scheme would lower barriers to market entry and reduce 
investment risk for providers of new technologies used to support the provision of 
renewable gases.  

• This would facilitate the creation of a domestic renewable gas industry that in turn 
gives the option (if market conditions are suitable in the future) of pursuing: (a) 
export markets for, in particular, hydrogen or renewable methane; (b) full 
conversion of the natural gas system to renewable gases, including hydrogen or 
renewable methane; or (c) other domestic markets for renewable gases (e.g., 
mobility, chemicals, etc.). 

• In contrast, the CCC both directly (through prohibition) and indirectly (through its 
impact on the economics of gas versus electricity as residential and small 
commercial volumes decline) forecloses on the use of renewable gases in the 
medium to long-term. It in effect removes the future option of utilising the in situ 
network to distribute renewable gases.  

5.3.3. UK Carbon Budgets and associated Climate Change policies and programs 

Development and description of the UK climate change policy  

The Climate Change Act 2008 set legal limits on the greenhouse gas emissions for the UK and 

specified a reduction of greenhouse gases by 2050 of 80% relative to 1990 emissions levels. 

This was later amended to a 100% reduction by 2050. 

Under the Act, the Climate Change Committee (CCC)61 was directed to set five-year carbon 

budgets. Originally, five such budgets were contemplated, running from 2008 through 2032. 

Provision for a sixth budget was subsequently added. 

The Climate Change Committee recommends the budget on an economy wide basis, considering 

the latest evidence from climate science and relevant international developments (for example 

the Paris Agreement), but also the cost effectiveness of the proposed path and its impact on 

competitiveness, fuel poverty, the fiscal balance and the devolved administrations62. So far, 

Government and Parliament have largely followed the advice of the Committee regarding the 

targets.  

After a carbon budget has been set, the Government is mandated under the Climate Change Act 

to define, as soon as practical, its strategy for meeting that budget. The relative contribution to 

be made by various sectors to the economy-wide emissions reduction targets set in the budgets 

is left to Government policy.  

According to the Climate Change Committee, the first and second carbon budget have been met 

and the UK is on track to meet the third budget. But it is not on track to meet the fourth or fifth 

budgets. The Committee published its recommendations regarding the sixth budget (2033–37) in 

December 2020. This was the first carbon budget set in line with the 2050 net zero target. 

On the same day the 6th Carbon Budget was announced, the Prime Minister announced a new 

ambitious target to reduce the UK's emissions by at least 68% by 2030, compared to 1990 levels. 

 

61  The organisation’s original name was the Committee on Climate Change; it was subsequently changed to the Climate 
Change Committee. 

62  The Scottish Parliament, the Welsh Parliament, the Northern Ireland Assembly and the London Assembly and their 
associated executive bodies. 
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Overview of the Sixth Carbon Budget as it relates to natural gas and buildings 

Policies regarding the use of natural gas generally and its use in buildings recommended in the 

6th Carbon Budget include: 

 All new homes required to be zero carbon starting in 2025 “at the latest” 

 All use of natural gas to be phased out (except for zones designated for low-carbon district 

heat or hydrogen-conversion)  

 In public buildings by 2030 

 In residential and commercial buildings by 2033 

 The use of bioenergy with carbon capture and storage (BECCS)63 facilities removing 22 

MtCO2/year from the atmosphere by 2035, and 53 MtCO2/year by 2050. This is to be 

accomplished through a mix of biomass power, waste-to-energy, industrial heat, 

biohydrogen, biojet and other biofuel & biomethane facilities.  

 With regard to hydrogen, the Climate Change Committee recommended that: 

BEIS64 and Ofgem should undertake a programme of research to identify priority candidate areas for 

hydrogen, along with areas which are unlikely to be suitable, to inform development and network 

investments. Undertake one or more hydrogen trials at a representative scale in the early 2020s (e.g., 

300-3000 homes), to inform decisions on low-carbon zoning from 2025. All new boilers to be hydrogen-

ready by 2025 at the latest. Continue further pilots in the late 2020s, where valuable to inform large-

scale take-up.65  

Table 17 shows the impacts of the Sixth Carbon Budget on the use of hydrogen and 

bioenergy in buildings. 

Table 17: Hydrogen and bioenergy use in homes in the scenarios of the Sixth Carbon Budget 

Balanced Net 
Zero Pathway  

Widespread 
Engagement  

Widespread 
Innovation  

Headwinds  Tailwinds  

Hybrid hydrogen 
scenario in homes, 
with 11% of homes 
using hydrogen for 
heat. Limited use of 
biofuels in homes.  

Heat networks fully 
electrified  

Non-residential 
buildings heat and 
catering demands 
mainly electrified 
with some 
hydrogen.  

 

Fully electrified 
scenario (including 
heat networks). No 
biofuels in homes.  

Hybrid hydrogen 
scenario in homes, 
with 10% of homes 
using hydrogen for 
heat. Widespread 
uptake of high- 
temperature heat 
pumps and flexible 
technology. No 
biofuels in homes.  

Heat networks fully 
electrified. Lower 
levels of low-
carbon heat 
networks in non-
residential 
buildings.  

Widespread 
network conversion 
to hydrogen, with 
71% of homes 
using hydrogen for 
heat. Smaller role 
for heat pumps 
across all buildings; 
13 million in 
homes.  

In homes, 
hydrogen boilers in 
north and heat 
pump-hydrogen 
hybrids in south. 
Limited use of 
biofuels.  

Buildings fully 
electrified, except 
for areas around 
industrial clusters 
which use H2 

boilers. 11% of 
homes using 
hydrogen for heat. 
No biofuels in 
homes.  

Higher efficiency of 
heat pumps and 
greater reduction in 
cost over time.  

 

 

63  BECCS, as defined by the Climate Change Committee, involves the use of sustainable biomass in generating power, 
heat or fuels, where biogenic CO2 generated in the process is captured and sent to long-term geological storage. The 
same process can also be applied to biogenic waste, biogas upgrading and some biofuels plants. 

64  The UK’s Department for Business, Energy & Industrial Strategy. 

65  Climate Change Committee, Policies for the Sixth Carbon Budget and Net Zero, December 2020, p. 70. 
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Non-residential 
buildings heat and 
catering demands 
mainly electrified 
with some 
hydrogen.  

Higher efficiency of 
heat pumps and 
greater reduction in 
cost over time.  

Heat networks 
supplied by 
hydrogen and 
large-scale heat 
pumps.  

Catering and 
cooking demands 
predominantly met 
with hydrogen.  

Source: Climate Change Committee, Policies for the Sixth Carbon Budget and Net Zero, December 2020, pp.118-

119. 

Initiatives announced to support the Sixth Carbon Budget 

In December 2020, the BEIS announced that a new program, the Green Gas Support Scheme 

(GGSS), which will be funded by a levy on licensed gas suppliers and administered by Ofgem. It 

is designed to support biomethane that is produced from biomass feedstocks that are processed 

through anaerobic digestion and injected into the national gas grid. It will come into force in 

Autumn 2021 for biomethane and from April 2022 for other gasses yet to be specified. It is slated 

to last for four years.  

The GGSS replaces the Residential Heating Incentive (RHI) which will end in March 2021, and 

like the RHI it operates like a feed-in tariff. BEIS intends to use a tiered tariff structure under which 

producers will receive the highest unit rate for the first block of energy produced and lower rates 

for subsequent injections into the grid.  

In the longer-term, BEIS expects to focus on market-based mechanisms, which leverage 

competitive forces to drive down costs and ensure cost-effectiveness, as the basis for any 

ongoing policy support for the range of green gas options that might be commercially available.  

It notes that there are a variety of approaches which might be considered for the design of a 

longer-term support mechanism. They mention, as an example, that a future scheme could 

potentially take the form of a Supplier Obligation, which would legally obligate gas suppliers to 

supply their customers with a certain volume or percentage of green gas66. 

In January 2021, the Chancellor of the Exchequer announced the Future Homes Standard which 

implements certain elements of the policy recommendations in the Sixth Carbon Budget. Among 

other things, it: 

1. Prohibits the use of fossil fuel heating systems in new homes from 2025 - with the date of the 

prohibition subsequently being brought forward to 2023 

2. Sets higher energy efficiency standards for extensions to existing homes and for equipment 

used in repairs and renovations to existing homes, including windows, heat pumps, cooling 

systems, and fixed lighting. 

At the time the measure was announced, less than 2% of UK homes had any form of ‘low-carbon 

heating’67 and over 1.6 million gas boilers were being installed annually68. 

 

66  BEIS, Future support for low carbon heat, April 2020, p. 23. 

67  Low carbon heating systems approved under the legislation and for which government grants are available include air-, 
water-, and ground-source heat pumps; electric combi boilers; biomass boilers; micro-CHP systems and solar water 
heating. 

68  It is worth noting that several f the initiatives in the UK approach seem to move in somewhat different directions, for 
example the prohibition on new gas heating connections and the support for the development and use of green gases. 
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Potential advantages as compared to the CCC approach  

The following table provides a comparison of the key features and associated benefits of the UK 

approach and compares them with those in of the CCC.  

Table 18: Potential advantages of the UK approach as compared to that of the CCC 

Benefit to consumers Description 

Incentivises least cost 
emission reductions 

• By providing a price signal, the GGSS will incentivise the use and improvement of 
technologies that can produce zero carbon gases at a competitive cost of 
production. These technologies will need to compete with other technologies for 
meeting emissions reduction targets at least cost. This, coupled with the stated 
intent of the government and the regulator to rely on market mechanisms, should 
reduce cost and increase choice for consumers.  

• By contrast, there is nothing in the CCC’s approach that seeks to incentivise the 
development of renewable gas alternatives. 

More diversified energy 
supply industry 

• Although the UK approach includes a prohibition on homes built from 2023 using 
fossil fuels for space heating it also includes incentives for near-term renewable 
gas-based substitutes for fossil fuel heating (the GGSS), and support for research 
and development of the use of hydrogen and renewable zero-carbon gases. These 
measures will provide incentives for the private sector to invest in the production of 
these gases, which will result in a more diversified set of energy sources being 
available.  

• By contrast, as noted above, the CCC’s prohibition on connections to the gas 
network is likely to narrow the range of energy supply sources, particularly where it 
has the effect of reducing the economic viability of the gas distribution businesses, 
potentially leading to asset stranding and the inability (or increased cost) of using 
renewable gases at such time that they become economically competitive.  

Creates future 
optionality 

• The incentives for the production and use of renewable gases in the near term will 
assist the economic viability of the UK’s gas distribution businesses which will 
reduce the risk of asset stranding and the foreclosure of the potential to use 
hydrogen and other renewable gases when they become economic at scale 
volumes. At least as important is the support for research and development of 
these sources of zero carbon gas as this constitutes a direct investment in the 
desire for optionality and the potential for solutions beyond those currently 
available.  

• By contrast, the CCC, while saying “there is value in creating options for meeting 
the targets and having the ability to adjust course as the transition proceeds” puts 
nothing in place to assist in exploring or developing energy-supply options that 
would increase the viability of the gas distribution businesses despite the fact that 
(a) access to natural gas in the near term and renewable gases in the longer term 
is of vital importance to the hard-to-abate sectors of the NZ economy, and (b) there 
is widespread evidence of the potential for hydrogen and other green gases to 
become economical competitive and very flexible sources of energy for use in 
electricity generation, direct combustion and transportation.  
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Attachment 4: Response to Submission Questions 

 

We have responded to selected consultation questions in the tables below. 

We have not responded to carbon-budget questions since those are outside the areas of our expertise. That said, we generally 

support the approach taken by the Commission to the preparation of carbon budgets. 

We have not responded to the enabling recommendation questions. Again, we generally support these recommendations since 

they reflect the need to get the institutional arrangements working to provide greater certainty for businesses and communities 

affected by change. 

We have responded to questions on policy recommendations in our areas of expertise or where we have provided additional 

evidence in our submission. These are primarily in the heat, industry, and power sector. 

Question Firstgas response 

Consultation question 1. 

Principles to guide our advice.  

Do you support the principles we 

have used to guide our analysis? 

Is there anything we should 

change, and why? 

Support – particularly the principle of keeping options open. Technology is developing 

rapidly as capital and expertise are mobilised to meet the challenges posed by global 

climate change. We see this most acutely in the hydrogen space, where global R&D 

expenditure has accelerated in recent years. New Zealand will be a technology taker 

and should be a fast follower in the hydrogen space, and we are encouraged by the 

deployment of hydrogen vehicles, industrial process equipment, and household 

appliances in recent years. 

We think the Commission should add the values of individual choice, freedom, and 

innovation to its guiding principles. The draft advice acknowledges the need for 

behavioural change, but it recommends restricting the ability of individuals and 

households to make choices that are consistent with the carbon budgets. The budgets 

are much more likely to galvanise public support where they enable choice and expand 

options, while ensuring that consumers face the full costs of those choices. Consumers 

will then make choices, and cost trade-offs, according to their own preferences and 

needs.  This is as true for household energy choices as it is of other energy related 

options, such as commuting to work or travelling overseas.  . 

Consultation question 2. 

Emissions budget levels. 

Do you support budget 

recommendation 1? Is there 

anything we should change, and 

why? 

We support the budget levels.  

Consultation question 5.  

Cross-party support for 

emissions budget. Do you 

support enabling 

recommendation 1? Is there 

We support the process requirements for seeking cross-party support and 

understanding the position of various elected representatives on both the budgets and 

recommended policy actions. This allows for a thorough public debate before changes 

are made, securing ongoing progress towards the goal of net zero carbon. While a 

contest of ideas is important in selecting policy tools to achieve the carbon budgets, the 

magnitude of the investment required to decarbonise requires long-term policy stability. 
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Question Firstgas response 

anything we should change, and 

why? 

This is why the legislation requires the Commission to provide ‘direction of policy’, 

rather than work on specific policy designs.  

We encourage the Commission to reflect on whether some of the draft policy 

recommendations go beyond providing direction and may inadvertently create barriers 

to cross-party support for the emissions budgets.    

Consultation question 8  

Central and local government 

working in partnership Do you 

support enabling 

recommendation 4? Is there 

anything we should change, and 

why? 

We support this recommendation. Local government agencies are key decision-makers 

in achieving carbon reductions within their territorial boundaries and in adapting to 

changing climate. We suggest that local government should have a partnership role 

with central government in delivering on emissions reduction plans and developing 

climate change mitigation and response plans.   

We also think greater clarity would be useful in how local government decisions are 

expected to align with the emissions reduction plan. Is the expectation that decisions 

at a local level should ‘give effect to’ these plans, or simply to ‘take them into account’? 

Consultation question 9 

Establish processes for 

incorporating the views of all 

New Zealanders Do you support 

enabling recommendation 5? Is 

there anything we should change, 

and why? 

Engaging the public in climate action and policy is a worthy goal and we support the 

idea. However, the challenges of effective public engagement should not be 

underestimated. As the Commission states, any public forum should draw on all 

elements of the New Zealand public, not just those that are naturally interested and 

vocal on climate change issues. There is ample public survey research that shows 

many New Zealanders are not engaged in climate change issues, so the challenge lies 

in effectively stimulating their interest and engagement.  

Consultation questions 10 & 11. 

Locking in net zero.  

Do you support our approach to 

focus on decarbonising sources 

of long-lived gas emissions 

where possible? Is there anything 

we should change? Do you 

support our approach to focus on 

growing new native forests to 

create a long-lived source of 

carbon removals? Is there 

anything we should change, and 

why? 

We support the proposed clarity and consistency on the role of forests in helping 

New Zealand get to net zero, as this has been missing from New Zealand’s settings so 

far.  

The downside to the Commission’s recommendation to limit the use of exotic forest 

plantations is that it removes an option that New Zealand would otherwise have to 

manage the costs of transitioning to net zero. While we accept that exotic forest 

plantations do not provide a solution to ‘lock in’ net zero, they may help to buy some 

time to manage the change required – particularly if other assumptions and sensitivities 

in the Commission’s modelling (such as the future price of electricity) turn out to be 

overly-optimistic. The Commission acknowledges this in its recommendation but does 

not seem to afford much flexibility to make more or less use of exotic forestry as 

required to balance cost/permanence trade-offs.  

Consultation questions 12. Our 

path to meeting the budgets.  

Do you support the overall path 

that we have proposed to meet 

We support most elements of the Commission’s path to meeting the budget. We 

strongly disagree with the Commission’s policy pathway for building heat (Necessary 

Action 9(c)), which would see gas use for building heat reduce in the first three budgets 

and cease by 2050. Our submission explains why we believe this element of the 

Commission’s draft advice should change – to preserve the options of biogas, hydrogen 
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the first three budgets? Is there 

anything we should change, and 

why? 

and bio-LPG, to retain consumer benefits provided by gas (and public support), and to 

maintain energy system reliability.  

Our submission proposes alternative policy recommendations that would deliver the 

same carbon reductions. We urge the Commission to consider these alternatives. 

Consultation questions 13 An 

equitable, inclusive and 

well-planned climate transition.  

Do you support the package of 

recommendations and actions we 

have proposed to increase the 

likelihood of an equitable, 

inclusive and well-planned 

climate transition? Is there 

anything we should change, and 

why? 

We support this recommendation. We believe that the fairest change for many workers 

will be to utilise their skills and capabilities to contribute to decarbonisation. As a 

business, we are focused on delivering this transition for our staff and contractors. 

These people are highly skilled individuals that have well-paying jobs. They work in 

strictly controlled conditions with the highest expectations of health and safety.  

We urge the Commission to consider pathways for workers in affected industries to 

provide solutions, rather than strand their skills. We have seen how the direction of 

policy that the Commission provides can influence people’s perceptions of their own 

value in working towards lower emissions and can change people’s perceptions of what 

industries have a bright future.  

The submission made by the Master Plumbers Association explains how Necessary 

Action 9c has had an immediate impact on gasfitters. We share their concerns that 

removing the ability of a trade or speciality to contribute towards reduced emissions is 

not consistent with an equitable, inclusive, and well-planned climate transition. 

Consultation question 14. 

Transport.  

Do you support the package of 

recommendations and actions for 

the transport sector? Is there 

anything we should change, and 

why? 

We generally support this package of recommendations. We note that while 

New Zealand has not seen the uptake of gas-based fuels in the transport sector in 

recent years, internationally this is becoming more commonplace. The main zero 

carbon fuels of interest (particularly for heavy vehicles) are bio-CNG, bio-LNG and 

hydrogen. Having a gas network to transport these zero carbon fuels is a significant 

opportunity that New Zealand should retain. New Zealand has experience using gas as 

a transport fuel, with CNG and LPG both playing a significant role. CNG consumption 

peaked at around 6 PJ in 1985 and was distributed through a network of more than 200 

refuelling stations connected to the gas pipeline network.  

Consultation question 15. Heat, 

industry and power sectors.  

Do you support the package of 

recommendations and actions for 

the heat, industry and power 

sectors? Is there anything we 

should change, and why? 

We do not support Necessary Action 9c to ban new gas connections and require gas 

appliances to be replaced with electricity or bioenergy alternatives over time.  

Our submission explains why we do not consider that this recommendation is 

consistent with the Commission’s own principles. The body of our submission evaluates 

a range of different policy directions that would reduce emissions.  We recommend 

setting targets for the introduction of zero carbon gases into the New Zealand energy 

mix. We urge the Commission to redraft is recommendation on building heat to facilitate 

the development of zero carbon gases (biogas, bio-LPG and hydrogen).  

We generally support the other recommendations made in the heat, industry and power 

sector. We agree that coal electricity generation should be phased out, although there 
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is no need to retire the assets (since they can also run-on natural gas and zero carbon 

gases).  

We also agree that further work is required on dry-year solutions. Consistent with the 

broad theme of our submission, we encourage the Commission to propose 

recommendations that keep options open. This suggests that single, high-cost options, 

such as the Lake Onslow pumped hydro scheme, would be less preferable than 

modular scalable solutions using existing infrastructure. An example of such a solution 

would be to use existing gas reservoirs to store the energy required to replace hydro 

shortfalls in dry years. Our hydrogen trial study identifies that a facility to store energy 

as hydrogen could be such as solution. Alternatively, hydrogen could be converted into 

synthetic natural gas via a process known as methanation (combining hydrogen with 

carbon dioxide). We are working with industry partners to progress these solutions.  

The importance of energy affordability should not be underestimated. The Commission 

recommends monitoring and reviewing electricity costs to ensure it remains affordable 

and accessible. However, a key part of ensuring affordability is not putting too much 

pressure on the electricity system, allowing it to grow in ways that do not create 

constraints, and providing energy choices for households and businesses other than 

electricity to keep prices in check. Natural gas plays this role today, and we believe 

zero carbon gases can be just as effective in this role in a net zero future. 

Consultation question 18. Waste.  

Do you support the package of 

recommendations and actions for 

the waste sector? Is there 

anything we should change, and 

why? 

Our submission highlights the linkages between the waste and energy sector in relation 

to biogas production and use. Our international research on biogas shows that other 

countries (particularly in Europe) are taking the approach of upgrading biogas to 

biomethane as a way to substitute for natural gas consumption. This has not happened 

to date in New Zealand due to a combination of low waste disposal fees (that 

discourage anaerobic digestion) and low natural gas prices. Both of those factors are 

now changing due to higher waste disposal levies and higher carbon charges, creating 

more opportunities for biogas use in New Zealand. 

The Commission’s draft advice focuses too narrowly on landfill capture systems.  We 

encourage the Commission to explore anaerobic digestion to energy projects in more 

depth. The Beca report attached to our submission indicates a total available feedstock 

of 18 PJ for biogas projects in New Zealand, which is more than the entire demand for 

natural gas for building heat. 
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Time-critical necessary action 1.  

An equitable, inclusive and well-planned climate transition. The 

transition to a low emissions society needs to be well-signalled, 

equitable, and inclusive in order to maximise the opportunities, 

minimise disruption and inequalities, and be enduring as a result. 

We recommend that in the first emissions budget period the 

Government develop an Equitable Transitions Strategy that is 

linked to the Government’s Economic Plan and outlines:  

• How the Government will build the evidence base for 

assessing the distributional impacts of climate change 

policy decisions that align with tikanga values  

• A process for factoring distributional impacts into climate 

policy and designing social, economic and tax policy in a 

way that minimises or mitigates the negative impacts  

• Guidance for developing localised transition plans that are 

customised for and codeveloped with local government 

and affected communities.  

• How the Government will support affected workers to 

transition into new work 

We agree that the transition to net zero needs to 

be fair and that distributional impacts need to be 

considered. In our submission, we highlight the role 

that zero carbon gas can play in assisting a just 

transition – building on our experience so far in 

Taranaki (see section 3.5 of our submission). 

The key point we make is that utilising existing 

skills and expertise in the gas industry will be 

inherently more equitable than stranding assets 

and requiring retraining. Zero carbon gases 

therefore provide a pathway for a just transition. 

While we employ 350 staff, we are also keenly 

aware of the employment associated with 

household and commercial gas installations 

through the thousands of jobs in the gasfitting 

industry.   

Time-critical necessary action 3.  

Target 60% renewable energy no later than 2035. Setting a target for 

renewable energy enables the Government to signal the required 

emissions reductions across the full energy system. Within that 

context, the 100% renewable electricity target should be treated as 

aspirational and considered in the broader context of the energy 

system that includes electricity, process and building heat and 

transport. We recommend the Government:  

a) Develop a long-term national energy strategy that provides 

clear objectives and a predictable pathway away from fossil 

fuels and towards low emissions fuels, and the 

infrastructure to support delivery.  

b) Under the framework of the national energy strategy, set a 

renewable energy target to increase renewable energy to at 

least 60% by 31 December 2035. 

We support this recommendation. We believe that 

government climate change policy needs to focus 

on emissions outcomes – not where those 

emissions are created. While an increase in 

renewable generation is required (and already 

being delivered by committed investments), we 

agree that there is little value in focusing on the 

final few percent towards 100% renewable 

electricity. Instead, we need to focus our time and 

efforts (and targets) on transitioning to a resilient, 

sustainable, low-carbon energy system and using 

electricity to promote these outcomes. 

Time-critical necessary action 6.  

Align investments for climate outcomes. To meet emissions 

budgets and achieve the 2050 target, it is important that policy 

decisions and investments made now do not lock Aotearoa into a 

We support measures to better inform decisions 

that are made that lock-in future carbon emissions. 

Again, this demonstrates a real benefit from zero 

carbon gases. If we can develop a pathway to 

eliminate carbon in the fuel used in new 
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high emissions development pathway. Safeguards and signals will 

be needed to prevent this, including a specific focus on ensuring 

long-lived assets such as infrastructure are net-zero compatible. To 

achieve this, we recommend in the first budget period the 

Government:  

a) Immediately start to factor target-consistent long-term 

abatement cost values into policy and investment analysis 

in central government. These values should be informed by 

the Commission’s analysis which suggests values of at 

least $140 per tonne by 2030 and $250 by 2050 in real 

prices.  

b) Encourage local government and the private sector to also 

use these values in policy and investment analysis.  

c) Ensure that economic stimulus to support post-COVID-19 

recovery helps to bring forward the transformational 

investment that needs to happen anyway to reach our joint 

climate and economic goals.  

d) Investigate and develop a plan for potential incentives for 

businesses to retire emissions intensive assets early.  

e) Require the Infrastructure Commission to include climate 

change as part of its decision and investment-making 

framework, including embedded emissions and climate 

resilience  

f) Investigate and develop plans to mobilise private sector 

finance for low emissions and climate-resilient 

investments. 

infrastructure and buildings, rather than requiring 

new developments to bear additional costs, then 

we can achieve net zero in a way that is affordable 

and acceptable. 

We urge the Commission to rethink its position that 

gas infrastructure and appliances lock-in future 

carbon emissions. As explained in our submission, 

there are realistic pathways to displace natural gas 

and LPG with zero carbon alternatives. While we 

acknowledge that the cost of these substitutes 

needs to fall to make them competitive (and the 

cost of fossil fuels will need to rise), the evidence 

provided in our submission and expert reports 

illustrates that this is entirely possible.  

The Commission says that it does not want to close 

off zero carbon pathways through its advice – 

however, we believe that it has done so through its 

position on gas-based fuels. We therefore ask the 

Commission to review the evidence on zero carbon 

fuels and incorporate the prospects for scaling up 

the provision of these fuels in New Zealand. Policy 

acceptance of the role that zero-carbon fuels can 

play would send an important signal to 

stakeholders and potential investors (including 

Firstgas Group) that these fuels can be  part of the 

solution to our net zero challenge. 

Time-critical necessary action 7.  

Driving low emissions choices through the NZ ETS. The Emissions 

Trading Scheme (NZ ETS) needs to drive low emissions choices 

consistent with emissions reduction targets in Aotearoa, including 

a focus on gross emissions reductions. In the first budget period 

the Government should:  

a) In the next annual update to NZ ETS settings:  

i. Align unit volumes with emissions budgets, taking 

into account the need to reduce the NZU stockpile.  

ii. Increase the cost containment reserve trigger 

price to $70 as soon as practical and then every 

year by at least 10% plus inflation.  

We have always supported the use of the ETS as 

the primary policy tool in New Zealand to reduce 

emissions. We supported recent changes to the 

scheme to strengthen its effectiveness and we 

believe that current carbon prices are starting to 

drive behavioural change. 

We support the recommendations made by the 

Commission to enhance the ETS.  

The uncertainty that we believe requires further 

thought in this context is how an increasing carbon 

price interacts with other policy measures to 

reduce emissions. As the primary policy tool, we 

would like to see changes in the ETS and 

increases in carbon prices lead other policy 
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b) To maintain continuity with recent prices, immediately 

increase the auction reserve trigger price to $30 as soon as 

practical, followed by annual increases of 5% plus inflation 

per year. These changes are needed because maintaining 

current settings will lead to failure to meet emissions 

budgets.  

c) Amend the NZ ETS so that it contributes, as part of a 

package of policies (see time critical necessary action 5), 

to delivering the amount of afforestation aligned with our 

advice on the proportion of emissions reductions and 

removals, consistent with budget recommendation 2.  

d) Establish a sound market governance regime for the NZ 

ETS as soon as possible to mitigate risks to market 

function, as some of these risks are potentially 

catastrophic for the scheme’s effectiveness. This work 

should be advanced through an interagency team including 

MBIE for its financial markets expertise. 

measures. That is, the carbon price should help to 

‘discover’ where businesses and consumers can 

respond to higher prices – and where other policy 

measures are needed. 
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Necessary action 4. 

Increase the use of low carbon fuels for trains, ships, 

heavy trucks and planes. We recommend that, in the first 

budget period the Government take the following steps to 

support the use of low carbon fuels for heavy vehicles 

such as trucks, planes, ships, and off-road vehicles to 

meet emissions budgets:  

a) Set a target and introduce polices so that at least 

140 million litres of low carbon liquid fuels are 

sold in Aotearoa by 31 December 2035.  

b) Introduce low carbon fuel standards or mandates 

to increase demand for low carbon fuels, with 

specific consideration given to aviation.  

c) Introduce incentives to establish low emissions 

fuel plants, such as biofuel sustainable aviation 

fuel, and make those fuels more competitive with 

traditional fossil fuels.  

d) Place further emphasis on decarbonising the rail 

system, and establish an investment strategy 

and clear targets to increase the share of rail and 

coastal shipping. 

We support this policy recommendation. Our work on the use 

of hydrogen in New Zealand (see Attachment Two of our 

submission) highlights the potential for heavy vehicle use of 

hydrogen to grow during the 2020s, with other transport 

applications (marine, rail etc) following. 

We especially support the way that ‘policy direction’ under 

Necessary Action 4 has been framed. We ask the 

Commission to adopt a similar framing in Necessary Action 9 

(in relation to building heat). Necessary Action 4 facilitates the 

growth in low carbon liquid fuels by suggesting a minimum 

sales obligation in 2035. We believe the same type of target 

should be set for zero carbon gases in New Zealand. 

Necessary action 5.  

Maximise the use of electricity as a low emissions fuel. 

We recommend that, in the first budget period the 

Government take steps to ensure a low emissions, 

reliable and affordable electricity system to support 

electrifying transport and industry through progress on 

the following:  

a) Under the framework of a national energy 

strategy, set a date by which coal electricity 

generation assets must be retired.  

b) Under the framework of a national energy 

strategy, decide how to progress solutions to the 

dry year problem, when this should happen, and 

at what cost.  

c) Introduce measures, such as a disclosure 

regime, to reduce wholesale electricity market 

uncertainty over Emissions Budgets 1 and 2, to 

We agree that the Government should maintain a close watch 

on electricity affordability over the coming years as New 

Zealand increases its use of electricity for transport and 

process heat. In section 3.3 of our submission, we highlight 

the risks of creating an over-reliance on electricity networks to 

deliver energy to New Zealand households and businesses. 

In addition to creating risks around resilience and reliability, 

we consider that this could create risks for affordability, if 

resources within the electricity sector become scarce.  

To some extent, current electricity market conditions highlight 

this risk. While the cost of building new wind generation is 

relatively low, the current price (and futures price) for 

wholesale electricity is very high. This is because there are 

short-term pressures on fuel availability. Similar price effects 

can be seen where there are shortages of transmission 

capacity – with prices separating between areas of cheap 

generation and areas of demand. 

We encourage the Commission to explicitly consider its 

energy sector recommendations from the perspective of 

maintaining affordable electricity. It is not sufficient to simply 
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encourage investment in new renewable 

generation.  

d) Assess whether electricity distributors are 

equipped, resourced and incentivised to 

innovate and support the adoption on their 

networks of new technologies, platforms and 

business models, including the successful 

integration of EVs.  

e) Enable more independent generation and 

distributed generation, especially for remote 

rural and Māori communities, and ensure access 

to capital for this purpose.  

f) Monitor and review to ensure electricity remains 

affordable and accessible, and measures are in 

place to keep system costs down, such as 

demand response management. 

monitor prices over time – we must be aware of the impacts 

that policy changes may have on electricity prices, so that 

policies can be designed that keep prices as low as possible.  

Necessary action 6.  

Scale up provision of low emissions energy sources. We 

recommend that, in the first budget period the 

Government make progress in scaling up the provision of 

new low emissions fuels by:  

a) Developing a plan for the bioeconomy alongside 

the new national energy strategy, across 

transport, buildings, energy, waste, land use and 

industry.  

b) Assessing the place that hydrogen has in the 

new national energy strategy 

We support these policy recommendations. We recently 

released a report on our work over the past 18 months to 

explore the transport of hydrogen using existing gas 

infrastructure in New Zealand (see Attachment 2 of our 

submission). We believe that New Zealand has a unique 

opportunity to use (and possibly export) hydrogen to achieve 

deep decarbonisation of our energy system. We therefore 

encourage the Commission not to take steps that might 

foreclose or reduce the prospects for this opportunity. 

We also believe that the bioeconomy has a greater role to play 

in the energy system than it has to date. This requires joined 

up thinking across the sectors listed in the recommendation, 

and we support improved efforts to combine work 

programmes and policy support.  

Necessary action 7.  

Reduce emissions from process heat. We recommend 

that, in the first budget period the Government take steps 

to reduce carbon emissions from fossil fuelled boilers by:  

a) Urgently introducing regulation to ensure no new 

coal boilers are installed.  

b) Introducing measures to help reduce process 

heat emissions from boilers by 1.4 Mt CO2e over 

2018 levels by 2030 and by 2 Mt CO2e by 2035.  

We support these policy recommendations to reduce 

emissions from process heat. However, we encourage the 

Commission to carefully consider the different ways that fossil 

fuels are currently used in industry and the broader impacts of 

that use. For example, natural gas and LPG are used 

extensively in the horticulture industry to provide carbon 

enrichment that improves productivity. In recent years we 

have converted some horticultural producers from coal to gas 

– which provides a cleaner burning fuel (less particulates) and 
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c) Increasing support for identifying and reporting 

on emissions reduction opportunities in 

industry, including energy efficiency, process 

optimisation, and fuel switching.  

d) Helping people to access capital to reduce 

barriers to the uptake of technology or 

infrastructure upgrades such as boiler 

conversions, energy efficiency technologies, 

and electricity network upgrades. 

fewer transport emissions in getting the product to their 

facilities. 

We also think the Commission should add zero carbon fuel 

sourcing to paragraph d of this recommendation. We are 

aware of situations from our work to date where boiler 

conversions and electricity network upgrades will be more 

costly than introducing zero carbon gases. Consistent with the 

theme of our submission, zero carbon gases should be an 

option for these energy users. 

Necessary action 8.  

Support innovation to reduce emissions from industrial 

processes. We recommend that, in the first budget period 

the Government take steps to support innovation in hard-

to-abate industrial processes, including by:  

a) Developing a long-term strategy for the future of 

hard-to-abate industries, including iron, steel 

making, cement and lime production and 

petrochemical production. This strategy should 

be developed alongside the national energy 

strategy, future Economic Plans and strategies 

for an equitable transition (see time-critical 

necessary actions 1 and 3).  

b) Based on the outcome of the strategy, 

investigating whether bespoke solutions 

requiring research and development specific to 

Aotearoa will be required. 

We support this recommendation. 

Necessary action 9.  

Increase energy efficiency in buildings. We recommend 

that, in the first budget period the Government introduce 

measures to transform, transition and reduce energy use 

in buildings. Measures should include:  

a) Continuing to improve energy efficiency 

standards for all buildings, new and existing 

stock, through measures like improving 

insulation requirements. Expand assistance 

which targets low-income households.  

b) Introducing mandatory measures to improve the 

operational energy performance of commercial 

and public buildings.  

We do not support Necessary Action 9c for the reasons set 

out in our submission.  

There are wide-reaching benefits of retaining a vibrant gas 

industry to deliver zero carbon gases. It increases resilience, 

enhances reliability, and helps to manage risks around energy 

affordability – particularly if capacity constraints emerge in 

electricity networks, generation sources, and contractor skills.  

More than 480,000 households and businesses across New 

Zealand have made the choice to have gas appliances as part 

of their lives and livelihoods.  The fact that they value this 

choice and the benefits it brings is reflected in the negative 

public response to the idea of banning gas connections and 

appliances. While behavioural change will be required for New 

Zealand to meet its emissions reduction plan, we are 
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c) Setting a date by when no new natural gas 

connections are permitted, and where feasible, 

all new or replacement heating systems installed 

are electric or bioenergy. This should be no later 

than 2025 and earlier if possible. 

concerned that unnecessarily restricting choices will 

undermine public support for the overall programme. 

Due to the unintended impacts of Necessary Action 9c, we 

urge the Commission to look for policy solutions that facilitate 

the decarbonisation of gas networks and appliances – rather 

than forcing these energy uses to be supplied by the limited 

options of electricity and/or biomass. We have identified at 

least three policy interventions that evaluate better against the 

Commission’s own guiding principles than recommendation 

9c. A full evaluation against the Commission’s guiding 

principles is included in the body of our submission.  

Our preferred policy response is to set an obligation for a 

growing proportion of gas used for building heat to come from 

renewable (non-fossil fuel) sources. 

Necessary action 13.  

Reduce emissions from waste. We recommend that, in 

the first budget period the Government take steps to 

support the reduction of waste at source, increase the 

circularity of resources in Aotearoa and reduce waste 

emissions by:  

a) Setting ambitious targets in the New Zealand 

Waste Strategy for waste reduction, resource 

recovery and landfill gas capture to reduce waste 

emissions in Aotearoa by at least 15% by 2035.  

b) Investing the waste levy revenue in reducing 

waste emissions through resource recovery, 

promotion of reuse and recycling, and research 

and development on waste reduction.  

c) Measuring and increasing the circularity of the 

economy by 2025.  

d) Extending product stewardship schemes to a 

wider range of products, prioritising products 

with high emissions potential.  

e) Legislating for and funding coordinated data 

collection across the waste industry before 31 

December 2022. 

As noted in our submission, we believe that New Zealand has 

a significant waste to energy opportunity to use anaerobic 

digestion to produce biogas.  

We are currently exploring several opportunities to upgrade 

biogas to biomethane and to inject it this into our gas networks 

as a zero-carbon fuel. These policies would support those 

initiatives. 

Necessary action 19.  See response on Time-critical necessary action 7. 
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Continued ETS improvements. We recommend that, in 

the first budget period the Government make progress 

on:  

a) Developing options and implementing a plan for 

recycling some or all of the proceeds from NZ 

ETS unit auctions into emissions reductions, 

adaptation, equitable transitions and meeting 

international climate change obligations.  

b) Undertaking a first principles review of industrial 

allocation policy.  

c) Continuing to phase out industrial allocation.  

d) Exploring alternative policy instruments that 

could address the risk of emissions leakage.  

e) Providing more information to reduce 

uncertainty about adjustments to NZ ETS 

settings, particularly how it intends to manage 

unit volumes in light of the split-gas 2050 target.  

f) Clarifying the role and avenues for voluntary 

mitigation in Aotearoa. 

 

 

 


