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Executive summary 

What is this report about? 

Concept and the three network companies who have sponsored this report, think electric vehicles 
(EVs) have the potential to be a fantastic opportunity for New Zealand, both in terms of massive 
gains to the environment, and in terms of delivering genuinely cheaper transport services. 

However, we believe that current electricity supply arrangements will frustrate realisation of 
these benefits ς and will also result in EV uptake causing unnecessary costs. 

There is the potential to change our electricity supply arrangements to maximise the good 
outcomes from EV uptake and minimise the bad.  However, there are some real challenges to 
overcome before we get there, with some difficult choices and industry coordination challenges.  
Further, with mass EV uptake just around the corner and greenhouse reduction targets getting 
ever-more urgent, there is a real time imperative to resolving this issue. 

We hope this report will be a useful contribution to the broader industry and consumer / political 
discussion about how we can make the changes to deliver the best outcomes for New Zealand. 

A continuation of current electricity pricing approaches will result in higher costs and emissions 

Large-scale uptake of low emission vehicles is arguably the single most important element required 
ǘƻ ƳŜŜǘ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ǘŀǊƎŜǘ ƻŦ ƴŜǘ-zero greenhouse gas emissions by 2050.  Further, it looks 
increasingly likely this need will be met by electric vehicles (EVs), as falling battery costs offer the 
prospect of genuinely cheaper transport compared to internal combustion engine (ICE) vehicles. 

However, the current approach for charging for electricity ς ƛΦŜΦ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ΨŦƭŀǘΩ Ϸκƪ²Ƙ prices 
ǿƘƛŎƘ ŘƻƴΩǘ ǾŀǊȅ ŀŎǊƻǎǎ ǘƘŜ Řŀȅ1 ς will frustrate achievement of the benefits and also result in 
unnecessary costs being incurred: 

¶ EV-owners will pay significantly more than they should for charging their vehicles.  This will slow 
ǘƘŜ ǊŀǘŜ ƻŦ ǳǇǘŀƪŜ ƻŦ 9±ǎΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎ bŜǿ ½ŜŀƭŀƴŘΩǎ emissions and increasing overall 
economic costs. 

¶ ¢ƘƻǎŜ ƘƻǳǎŜƘƻƭŘǎ ǿƘƻ Řƻ ǇǳǊŎƘŀǎŜ 9±ǎ ǿƛƭƭ Ƴƻǎǘƭȅ ŀŘƻǇǘ ŀ ΨǇŀǎǎƛǾŜΩ ŀǇǇǊƻŀŎƘ ŦƻǊ ǊŜ-charging 
their batteries: i.e. simply plugging-in and starting charging as soon as they get home.  
Unfortunately, the time most people get home ς early evening after getting back from work ς is 
also the time of peak electricity demand.  The scale of demand from EVs is such that this will 
soon start to trigger expensive network capacity investments in many areas.  Plus, additional 
fossil-fuelled generation will be required if charging is done at times of peak usage. 

Overall, we estimate that a permanent continuation of current pricing approaches will result in 
unnecessary increased costs of approximately $4bn (in present value terms, or $14bn in future cost 
terms), and CO2 emissions from internal combustion engine vehicles (ICEs) being over one-third 
greater in 2050. 

These financial and environmental costs are avoidable with smarter, more cost-reflective electricity 
prices which encourage EV-owners to charge their vehicles smoothly overnight in off-peak periods.  
Such smarter pricing, working in tandem with the technology embedded in EVs and their chargers, 
will: 

¶ make EV charging much cheaper ς thereby facilitating EV uptake; and 

                                                           
1 We estimate that over 95% of New Zealand households are on flat rate pricing 
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¶ avoid causing a material increase in peak power demand and associated costs and emissions. 

Electricity pricing options which apply to the whole of a household will likely be inadequate to 
meet the special challenges of EVs 

However, identifying and transitioning to smarter electricity prices will itself have some challenges: 

¶ Ψ¢ƛƳŜ-of-ǳǎŜΩ (TOU) pricing (e.g. having a simple peak / off-peak pricing structure based on pre-
set times) might be appropriate for most household electricity demand, but will not deliver good 
long-term outcomes in relation to EV demand.  TOU pricing will likely create new demand spikes 
with a majority of EVs simultaneously charging from the start of the off-peak period.   

²ƘƛƭŜ ǎǳŎƘ ƛǎǎǳŜǎ ǿƻƴΩǘ ƳŀǘǘŜǊ ŦƻǊ ǾŜǊȅ ƭƻǿ-levels of EV uptake, our analysis suggests for EV 
penetrations of 15-20% and above (i.e. approximately 1-in-6 households owning an EV), the 
peak demand arising from everyone following a TOU pricing approach would be greater than if 
everyone had continued to follow ŀ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ ŀǇǇǊƻŀŎƘ ŀƴŘ the peak period will shift to 
9pm, from nearer 6pm now.  Aside from not avoiding the need for expensive network 
investment, TOU pricing applied to EV demand could also potentially create network stability 
issues with a very rapid step change in demand occurring at the start of off-peak periods.  This 
rapid step change in demand is not observed with flat rate charging, and will be made much 
worse if vehicle to grid technology becomes mainstream2. 

Thus, while TOU pricing may be appropriate for sending efficient signals to consumers for some 
of their electricity decisions, it is potentially a worse solution than flat rate pricing over the long 
term when applied to EV demand ƎƛǾŜƴ ǘƘŜ ǎǇŜŎƛŀƭ ΨǎǘƻǊŀƎŜΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ 9± ŘŜƳŀnd.3 

¶ ΨtŜŀƪ ŘŜƳŀƴŘΩ ǇǊƛŎƛƴƎ4 could overcome this problem by adjusting prices based on actual 
demand conditions. But this may be unsuitable for most residential consumers, due to the lack 
of pricing predictability5, and issues around bill shocks, higher winter costs, and the ability of 
consumers to make good decisions in response to such complex pricing approaches.  

In addition, both of the above pricing approaches will likely need to apply to the whole of a 
ƘƻǳǎŜƘƻƭŘΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴΣ ƴƻǘ Ƨǳǎǘ the EV demand.  Changing consumer pricing structures, 
ǿƛƭƭ ƛƴŜǾƛǘŀōƭȅ ƭŜŀŘ ǘƻ ΨǿƛƴƴŜǊǎΩ ŀƴŘ ΨƭƻǎŜǊǎΩΣ ǿƛǘƘ ǎƻƳŜ ƻŦ ǘƘŜ ƭƻǎŜǊǎ ǇƻǘŜƴǘƛŀƭƭȅ ŦŀŎƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ōƛƭƭ 
shocks.  This raises some challenging policy choices: 

¶ On the one hand, having a phased transition to smarter cost-reflective pricing over many years 
may be desirable to avoid many of the poor outcomes from bill shocks for some consumers. 

¶ On the other hand, delaying the transition to smarter cost-reflective pricing, will also delay the 
time when consumers will be fully incentivised to make good vehicle decisions.  This will tend to 
slow the uptake of EVs which, given that vehicles tend to be 20-years old by the time they are 

                                                           
2 Vehicle to grid, or V2G, technology provides the ability for EV battery charge to be injected back into the grid.  
3 We characterise storage energy technologies as those where the timing of energy consumption can be 
significantly altered within a day, without fundamentally affecting delivery of the energy service (e.g. an EV 
ōŀǘǘŜǊȅ Ŏŀƴ ōŜ ŎƘŀǊƎŜŘ ƻǾŜǊƴƛƎƘǘ ǊŀǘƘŜǊ ǘƘŀƴ ŘǳǊƛƴƎ ǇŜǊƛƻŘǎ ƻŦ ǇŜŀƪ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΣ ōǳǘ ǘƘƛǎ ŘƻŜǎƴΩǘ ŀŦŦŜŎǘ 
the ability of the consumer to drive whenever they want during the day), ditto for hot water where households 
can have a shower anytime during the day (including peak demand periods) but the cylinder can be heated up 
outside of these periods of peak). 
4 We refer to this as coincident maximum demand (CMD) pricing in the main body of the report, as that term is 
more widely used in the industry. 
5 bƻǘ Ƨǳǎǘ ƛƴ ǊŜŀƭ ǘƛƳŜΣ ōǳǘ ǇǊƛŎƛƴƎ ǇǊŜŘƛŎǘŀōƛƭƛǘȅ ǊŜƎŀǊŘƛƴƎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǿƘŀǘ ǘƘŜ ǇǊƛŎŜ ǿƛƭƭ ōŜ ƛƴ ŀ ŦŜǿ ƘƻǳǊǎΩ 
time.  In other words, if consumers react to a real time high price and delay using electricity, will may create a 
further peak and higher pricing later.  This future price predictability is difficult to overcome. 
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scrapped, will lock-in many more high-emissions vehicles over the next few decades than is 
necessary.6 

EV-specific managed-charging pricing will likely be necessary ς but with challenges to implement 

A possible alternative pricing approach to enable the adoption of emerging technologies like EVs, 
whilst minimising customer bill shock and without compromising carbon goals, is Ψmanaged-
ŎƘŀǊƎƛƴƎΩ pricing ǿƘƛŎƘ ƻƴƭȅ ŀǇǇƭƛŜǎ ǘƻ ŀ ƘƻǳǎŜƘƻƭŘΩǎ 9± ŘŜƳŀƴŘ.   

This would involve consumers agreeing to another party (e.g. retailer, load aggregator, or network 
company) managing their EV charging, in return for discounted network and/or energy pricing for 
such managed EV load.  This approach recognises the distinct nature of EV load, with its storage 
characteristics, and would deliver materially better outcomes of smoothed coordinated charging of 
bŜǿ ½ŜŀƭŀƴŘΩǎ 9± ŦƭŜŜǘ and lowering the cost of EV charging to consumers, but in a way which has 
reduced risk of causing bill-shocks for consumers. 

Managed-charging would be similar in some ways to the approaches taken to manage hot water 
cylinders, with consumers being rewarded with cheaper electricity for hot water load being 
managed at times of peak network demand.     

Luckily, the technology coming within EVs and dedicated EV-chargers, and broader internet-based 
communications technology, not only provides the means to enable these smarter ways of charging 
our EV fleet, but to do so in a much more sophisticated way than the relatively crude ripple control 
that is currently used for hot water management.   

Thus vehicle-specific management is feasible, with the ability to recognise a variety of factors ς such 
as how empty different EV batteries are, where along a low-voltage network (of approximately 
50-100 houses) EVs are located, or consumer requirements for when they need to next drive their 
EV ς in order to coordinate which EVs should be charged, and when, in order to meet consumer 
requirements without imposing excessive supply costs. 

However, to take advantage of such technology requires EV-owners to receive price signals or 
rewards which are of sufficient size to encourage them to take-up such managed-charging options. 

It remains to be seen what form such managed-charging pricing options could or should take, or 
whether/how to develop NZ-wide standards and/or mandate open access to the technology to 
deliver EV charging management. 

It also remains to be seen how many EV-owners will be willing to pass control of their charging to 
third parties such as retailers and networks.  We believe these options should be voluntary for 
consumers to choose, and it is possible that many consumers may suffer anxiety that handing over 
control may mean that their vehicle may not be charged when they need it.7 

However, what this study highlights is that, if we are to achieve mass-EV uptake without significant 
electricity supply cost impacts, we will need significant uptake of managed EV-charging pricing 
options. 

A final additional consideration around the development, and extent of consumer uptake, of 
managed-charging options is that if consumers opt not to take up a managed-charging option, we 

                                                           
6 A long transition to cost-reflective pricing will also result in distorted consumer decisions in relation to other 
energy technologies in addition EVs.  In many cases this will also result in poor economic, environmental and 
(in some cases) social outcomes such as the costs from a technology choice being made by one consumer 
ōŜƛƴƎ ΨǎƘƛŦǘŜŘΩ ƻƴǘƻ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎΦ  /ƻƴǎideration of these other matters is out of scope for this study. 
7 While these consumer concerns are reasonable, we think well-designed managed charging options should 

ŜƴŀōƭŜ ƎƻƻŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ƻǳǘŎƻƳŜǎΣ ǿƛǘƘƻǳǘ ƛƳǇŀŎǘƛƴƎ ƻƴ ŎƻƴǎǳƳŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ƘŀǾŜ their vehicles 
charged for when they need them. 
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believe they should face any increased electricity supply costs they impose on the system ς rather 
than cause such costs ǘƻ ōŜ ΨǎƘƛŦǘŜŘΩ ƻƴǘƻ ƻǘƘŜǊǎΦ   

This highlights a general issue with current, non-cost-reflective prices: Not only are they causing 
higher electricity supply costs, but with the advent of new technologies such as EVs, solar PV and 
static batteries, they arŜ ǊŜǎǳƭǘƛƴƎ ƛƴ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ǇǳǊŎƘŀǎŜ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜƛƴƎ ŀōƭŜ ǘƻ ΨǎƘƛŦǘΩ 
ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ Ŏƻǎǘǎ ǘƘŜȅ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƻƴǘƻ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ŘƻƴΩǘ ƘŀǾŜ 
όǎƻƳŜǘƛƳŜǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŎŀƴΩǘ ŀŦŦƻǊŘύ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

Broadening and deepening the debate 

Addressing all of the above challenges and questions requires coordinated pan-industry effort in 
conjunction with government, regulator(s) and transport authorities. 

Some of this is starting to happen, in particular through the electricity networks association (ENA) 
progressing its network pricing reform initiative, and the Electricity Authority through its various 
market development programmes.  However, to-date, most of this focus has been on pricing options 
that will apply to the whole of a property, rather than the specific challenges of EVs (and other 
storage technologies) whose special characteristics may require specific pricing solutions. 

Further, changes to consumer electricity prices will also require broader community and political 
engagement to help make the inevitable tough choices which carry the risk of bill shocks for some 
consumers in the short-term, but which will help deliver better economic, environmental, and social 
outcomes in the long-term. 

The three network companies who have commissioned this study all strongly support a shift to EVs 
and they hope that this study will be a valuable contribution to this broader public debate. 

All are aware that time is of the essence in terms of putting in place arrangements to facilitate the 
most positive EV outcomes before mass uptake starts to happen, and all believe that pricing and 
managed charging ς be it by a retailer, aggregator, network company or other third party ς is central 
to this debate.  

EVs offer an enormous positive opportunity for New Zealand ς the question is, how do we maximise 
that opportunity? 
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1 Introduction 

1.1 Background 

The New Zealand government has set a target of achieving net-zero greenhouse emissions by 2050. 

Lƴ нлмр ǊƻŀŘ ǘǊŀƴǎǇƻǊǘ ŀŎŎƻǳƴǘŜŘ ŦƻǊ по҈ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ Ŝnergy-related greenhouse emissions, 
ŀƴŘ ǊƻŀŘ ǘǊŀƴǎǇƻǊǘ Ƙŀǎ ōŜŜƴ ƻƴŜ ƻŦ ǘƘŜ ŦŀǎǘŜǎǘ ƎǊƻǿƛƴƎ ǎƻǳǊŎŜǎ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƳƛǎǎƛƻƴǎ.  
¢ƘŜǊŜŦƻǊŜΣ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ǘŀǊƎŜǘ ǿƛƭƭ ǊŜǉǳƛǊŜ ŀ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ 
transport fleet away from internal combustion engine vehicles (ICEs), to alternative, low-carbon 
fuels.   

Currently, electric vehicles (EVs) are the most economic low-carbon transport alternative, and are 
projected to become increasingly cost-effective as battery costs and technology improve.  It 
therefore looks likely that mass uptake of EVs will be the most cost-effective means of achieving this 
transport transformation ς particularly for the light fleet. 

This is a view that is increasingly becoming mainstream around the world, with governments and 
industry bodies projecting that EVs will rapidly replace ICEs, and with governments developing 
policies to facilitate this transformation.  For example, some countries and cities are implementing 
policies which will completely ban the purchase of new ICEs from 2025. 

However, large-scale replacement of ICEs by EVs has the potential to significantly increase electricity 
consumption.  For example: 

¶ If all light private vehicles were changed overnight to EVs, annual residential electricity 
consumption would increase by approximately 50%8 

¶ If all vehicles (including trucks) were changed overnight to EVs, this would increase total New 
Zealand electricity consumption by approximately 16 TWh ς a 41% increase9 

1.2 Purpose of study 

Concept Consulting and the three networks who have commissioned this study firmly believe that 
EVs are a great opportunity for New Zealand ς both from an environmental and consumer 
perspective.  We all strongly support EVs. 

However, we also acknowledge that there are likely to be some challenges associated with the large-
scale uptake of EVs, particularly associated with the manner in which EV batteries are charged.   

Our aim with this study is to promote debate on how EVs can be charged in a manner that is 
acceptable to consumers, at lowest financial and environmental cost to the country, and ensures a 
continued reliable electricity system.   

In particular, while EVs and EV-chargers are arriving with increasingly advanced technology to enable 
sophisticated charging, this study addresses concerns that the significant potential benefits will not 
be maximised unless consumers are sent appropriate price signals to incentivise them to charge 
their ǾŜƘƛŎƭŜǎ ƛƴ ŀ ΨǎƳŀǊǘΩ ŦŀǎƘƛƻƴΦ  The aim of the report is not to discourage or dampen enthusiasm 
ŦƻǊ 9±ǎΣ ōǳǘ ǊŀǘƘŜǊ ŜƴǎǳǊŜ ǿŜ ŀǎ ŀ ŎƻǳƴǘǊȅ ǎŜŜƪ ǘƻ ƻǇǘƛƳƛǎŜ ǘƘŜ ōŜƴŜŦƛǘǎ ǘƘŜȅ ōǊƛƴƎΦ  ²Ŝ ŘƻƴΩǘ ǿŀƴǘ ŀ 
ǎƛǘǳŀǘƛƻƴ ǿƘŜǊŜ ǿŜ ƭƻƻƪ ōŀŎƪ ƛƴ ǘǿŜƴǘȅ ȅŜŀǊǎΩ ǘƛƳŜ ŀƴŘ regret big missed opportunities. 

                                                           
8 Assuming: average electricity demand per residential property Ғ 7,050 kWh/yr; the average annual quantity 
of electricity required to charge a light private EV travelling an average distance each year is Ғ 2,000 kWh/yr; 
and the average number of vehicles per household is Ғ 1.75. 
9 Lƴ нлмрΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нлл tW ƻŦ ŦǳŜƭ ǿŀǎ ŎƻƴǎǳƳŜŘ ƛƴ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀƴŘ ǘǊŀƴǎǇƻǊǘ ŦƭŜŜǘ, and assuming that 
EVs are approximately 3.5 times more efficient on average at converting stored energy to motive power. 
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1.3 Issues addressed in study 

1.3.1 The nature of the problem 

Put simply, the key issue is that current electricity supply arrangements provide no incentive for 
most consumers to avoid charging their EVs at times which will impose significant costs on the 
electricity system. 

This study ǎŜǘǎ ƻǳǘ ŀƴŀƭȅǎƛǎ ǿƘƛŎƘ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ǇǊŜŘƻƳƛƴŀƴǘ ΨŦƭŀǘΩ Ϸκƪ²Ƙ ŎƻƴǎǳƳǇǘƛƻƴ 
price ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ ŎƻƴǎǳƳŜǊǎ ŀŘƻǇǘƛƴƎ ŀ ΨǇŀǎǎƛǾŜΩ 9± ŎƘŀǊƎƛƴƎ ŀǇǇǊƻŀŎƘΦ  ƛΦŜΦ ǎƛƳǇƭȅ ǇƭǳƎƎƛƴƎ-in and 
charging as soon as they get home.  Unfortunately, the time at which most people get home ς early 
evening ς also coincides with the time of peak electricity system demand.   

Figure 1 illustrates that if every household had one EV10 which was charged passively, this would 
substantially increase winter evening peak demand. 

Figure 1: Impact on an average household demand profile of charging an EV passively11 

 

Given that a substantial amount of network and generation costs are driven by the need to meet 
peak demand, passive charging of EVs will substantially increase electricity supply costs as EV 
penetration rates grow. 

IƻǿŜǾŜǊΣ ƛǘ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ƭƛƪŜ ǘƘƛǎΦ  aƻst vehicles are not driven between the hours of 9pm and 
7am.  This is ample time to re-charge EV batteries for the vast-majority of journeys undertaken in 
the previous day ς even for vehicles being charged slowly using a standard domestic plug. 

                                                           
10 One EV per household equates to approximately 57% of cars being EVs, given that the average household 
owns 1.75 vehicles. 
11 This profile is based on the average household demand profile, and assumes that each household owns one 
EV. 
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Figure 2 shows that if EVs were charged in a ΨǎƳŀǊǘΩ fashion ς i.e. predominantly overnight, with the 
charging across all EVs staggered ŀŎǊƻǎǎ ǘƘŜ ƴƛƎƘǘ ǇŜǊƛƻŘ ǘƻ ΨǎƳƻƻǘƘΩ ŘŜƳŀƴŘ ς there need not be 
any impact on peak demand.  

Figure 2: Impact on an average household demand profile of charging an EV ΨǎƳŀǊǘƭȅΩ 

 

Section 2 of this report estimates the likely nature and scale of electricity system cost impacts from 
large-scale EV uptake under: 

¶ current consumer electricity supply arrangements ς with most EVs charƎŜŘ ΨǇŀǎǎƛǾŜƭȅΩ 

¶ ŀƭǘŜǊƴŀǘƛǾŜ ŎƻƴǎǳƳŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ŀǊǊŀƴƎŜƳŜƴǘǎ ǿƘƛŎƘ ƛƴŎŜƴǘƛǾƛǎŜ ΨǎƳŀǊǘŜǊΩ 9± ŎƘŀǊƎƛƴƎ 

This analysis is the principal purpose of this report, and is intended to demonstrate that this is a 
significant issue for New Zealand.   

Section 2 ŀƭǎƻ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ΨŦƭŀǘΩ ŜƭŜŎǘǊƛŎƛǘȅ price structure which is a key cause 
ƻŦ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎΣ ǿƛƭƭ ŀƭǎƻ ǊŜǎǳƭǘ ƛƴ 9±-owners paying significantly more than they should for 
charging their vehicles.  This will likely frustrate the rate of uptake of EVs, significantly increasing 
bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ reduce the overall economic benefits possible from EVs. 

1.3.2 How do we encourage consumers to charge their EVs in a smart fashion? 

DƛǾŜƴ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ǇǊŜŘƻƳƛƴŀƴǘ ΨŦƭŀǘΩ price structure is the problem driving poor EV outcomes, it 
is likely that changes to consumer prices to make them more cost-reflective will be a necessary part 
of the solution to drive better EV outcomes.   

However, changing consumer prices ƛǎ ƴŜǾŜǊ ŜŀǎȅΣ ǿƛǘƘ ƛƴŜǾƛǘŀōƭŜ ΨǿƛƴƴŜǊǎΩ ŀƴŘ ΨƭƻǎŜǊǎΩΣ ŀƴŘ ǘƘŜ 
potential for unintended poor outcomes. 

The secondary purpose of this study, detailed in Section 3, is to start to explore the options for 
achieving better EV charging, in a way which maximises the good outcomes and minimises the bad. 
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In particular, it explores whether the special characteristics of EVs may mean that more cost-
ǊŜŦƭŜŎǘƛǾŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎƛƴƎ ŀǇǇǊƻŀŎƘŜǎ ǿƘƛŎƘ Ƴŀȅ ōŜ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ǘƘŜ ǊŜǎǘ ƻŦ ŀ ƘƻǳǎŜƘƻƭŘΩǎ 
electricity consumption, may not be appropriate for EVs which might require EV-specific pricing 
approaches. 

1.3.3 Public charging issues 

Although tƘŜ ǇǊƛƴŎƛǇŀƭ ŦƻŎǳǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ƻƴ ŎƘŀǊƎƛƴƎ ƻŦ 9±ǎ ŀǘ ŎƻƴǎǳƳŜǊǎΩ ǇǊŜƳƛǎŜǎ, in 
undertaking this study Concept gained better understanding of issues in relation to public charging ς 
i.e. charging of EVs away from home using commercial public chargers. 

These issues could affect the rate of EV uptake, and thus the extent to which the benefits of EVs are 
realised.  Section 0 briefly outlines these issues, but does not address them in any detail.  
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2 Estimation of the costs of large-scale EV uptake ǳƴŘŜǊ ΨǇŀǎǎƛǾŜΩ 
ŀƴŘ ΨǎƳŀǊǘΩ ŎƘŀǊƎƛƴƎ ŦǳǘǳǊŜǎ 

This section of the report presents the results of Concept modelling on the outcomes relating to 
large-scale EV uptake under different EV pricing and charging approaches. 

Sections 2.1 to 2.4 estimate the likely cost and emissions consequences from large-scale uptake of 
EVs, under two different EV charging approaches: 

¶ ΨtŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ ǿƘŜǊŜōȅ ŎƻƴǎǳƳŜǊǎ ǎƛƳǇƭȅ ǇƭǳƎ-in and charge their vehicles as soon as they 
get home.  This charging approach is likely to occur based on current consumer prices. 

¶ Ψ{ƳŀǊǘΩ ŎƘŀǊƎƛƴƎΣ ǿƘŜǊŜōȅ 9±ǎ ŀǊŜ ŎƘŀǊƎŜŘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ in a smoothed fashion through the 
night 

Section 2.5 ŀŘŘǊŜǎǎŜǎ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ΨŦƭŀǘΩ ŜƭŜŎǘǊƛŎƛǘȅ price structure which is a key cause of 
passive charging, will also result in EV-owners paying significantly more than they should for 
charging their vehicles.  This will likely frustrate the rate of uptake of EVs, significantly increasing 
bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ƻǾŜǊŀƭƭ ŜŎƻƴƻƳƛŎ ŎƻǎǘǎΦ 

2.1 How soon might large-scale uptake of EVs occur? 

Appendix A presents the results of the modelling Concept has undertaken to project the potential 
level of EV uptake.  Two main projections are presented: 

¶ Projections consistent with the central Ministry of Transport (MoT) projection in its recent 
ǊŜǇƻǊǘ άbŜǿ ½ŜŀƭŀƴŘ ¢ǊŀƴǎǇƻǊǘ hǳǘƭƻƻƪΥ CǳǘǳǊŜ {ǘŀǘŜέΦ   

¶ Projections consistent with New Zealand seeking to achieve net-zero greenhouse gas emissions 
by 2050. 

Figure 3 illustrates the differences between these two projections in terms of the proportion of the 
light private fleet (i.e. cars) which are EVs. 

Figure 3: Proportion of light private fleet which are EVs 
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It is understood that the projection developed by MoT reflects current policy settings and expected 
levels of EV cost reduction that will anyway occur.  i.e. the MoT projection recognises that EVs are 
likely to become increasingly cost-effective transport options for New Zealand, irrespective of 
specific climate-related policies. 

Under this projection, the level of uptake is such that Ғ 40% of the overall vehicle fleet is electric by 
2040 (with the proportion of the light fleet being much higher than for the heavy fleet).  By 2040, 
almost all light vehicles entering New Zealand will be EVs. 

The second projection reflects the fact that the New Zealand government has recently re-confirmed 
its ambition of achieving net-zero12 emissions by 2050, and is in the process of developing and 
consulting on policies to achieve this goal.   

We have used our models of the New Zealand transport sector, plus our models of whole-of-New 
Zealand greenhouse emissions, to estimate the level of EV uptake required to meet the target of 
net-zero greenhouse emissions by 2050. 

This NZ-net-zero-by-2050 projection has a very rapid uptake of EVs, such that by 2030 almost all new 
light vehicles (private & commercial) entering New Zealand will need to be EVs.   

The reason why there is a need for such a rapid transformation of vehicle purchasing patterns is 
because vehicles entering the NZ fleet remain in the fleet for many years: the average age of a 
vehicle scrapped in New Zealand is 20 years.  Thus, an ICE vehicle purchased in 2030 could still be on 
the road and producing exhaust emissions in 2050. 

While this rate of uptake may have seemed fanciful a few years ago, rapid reductions in battery 
costs mean that EVs are close to purchase cost parity with ICEs ς making rapid uptake of the scale 
projected here plausible. 

Further, this is consistent with projections and policies in other countries, with a growing number of 
countries implementing policies which will effectively ban new ICE vehicles from around this time.  
For example:  2025 for Norway, 2030 for the Netherlands, 2032 for Scotland, and 2040 for France 
and the UK.  Other major countries and economies such as China, India and California are also in the 
process of developing similar policies, with many other European and Asian countries, and some US 
states, setting ever-more ambitious targets for EV uptake. 

That said, it should be noted there is a significant degree of uncertainty around the projections set 
out in Appendix A given that the rate and scale of EV uptake will be significantly affected by a 
number of factors which are subject to significant inherent uncertainties, including: 

¶ future battery cost reductions, which will in turn be significantly affected by future international 
ǇƻƭƛŎƛŜǎ ōȅ ǘƘŜ ǿƻǊƭŘΩǎ ƳŀƧƻǊ ŜŎƻƴƻƳƛŜǎ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƎŜƴŜǊŀƭƭȅΣ ŀƴŘ 9±ǎ ǎǇŜŎƛŦƛŎŀƭƭȅΦ13   

¶ the development of autonomous vehicles, which may also materially affect outcomes in a hard-
to-predict fashion.14   

                                                           
12 ΨbŜǘΩ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ bŜǿ ½ŜŀƭŀƴŘΩǎ ƎǊƻǎǎ ŜƳƛǎǎƛƻƴǎΣ ƭŜǎǎ ŀƴȅ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ǊŜ-
forestation. 
13 WŀǇŀƴΩǎ ǇƻƭƛŎƛŜǎ ƻƴ ŘŜ-carbonising its transport fleet may have a particular effect on New Zealand, given that 
a very largŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ǾŜƘƛŎƭŜǎ ŎƻƳŜ ǎŜŎƻƴŘ-hand from Japan.  Thus, if Japan heads down 
the hydrogen-fuelled vehicle route, whereas America and Europe head more down the battery EV route, this 
ǿƛƭƭ ōŜ ƭƛƪŜƭȅ ǘƻ ƳŀǘŜǊƛŀƭƭȅ ŀŦŦŜŎǘ bŜǿ ½ŜŀƭŀƴŘΩǎ ǘǊŀƴǎǇort de-carbonisation abilities. 
14 It is hard to know whether autonomous vehicles would materially decrease overall light passenger travel by 
car.  However, it would almost certainly reduce rates of car ownership, and consequent impacts on household 
electricity demand. 
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¶ the rate of NZ population growth, which will also significantly affect the scale of EV uptake and 
associated impact on national electricity demand 

All of these factors are very hard to predict.   

Nonetheless, these uncertainties around future EV uptake are considered differences in degree, 
rather than fundamental uncertainties over the nature and scale of outcomes.  Thus, we have a high 
degree of confidence that, to de-carbonise our transport fleet to meet our emissions reductions 
targets, the rate and scale of EV uptake over the next few decades will be large and rapid ς of a 
magnitude consistent with the projections set out in Appendix A. 

Further, the purpose of this report is not to try and accurately forecast EV uptake, but to use order-
of-magnitude forecasts to highlight the nature and broad scale of outcomes arising from electricity 
sector settings which will apply to EV charging, and also to highlight the nature and scale of issues 
which could emerge from rapid large-scale EV uptake. 

2.2 What would be the impact on electricity demand of such large-scale EV 
uptake? 

EV uptake of the scale set out in these two projections would materially increase electricity 
consumption.  Figure 4 below shows that on an annual energy basis, large-scale EV uptake would 
give rise to significant electricity consumption growth.   

Figure 4: Projected New Zealand electricity consumption (GWh)15 

 

                                                           
15 The projections for non-EV demand are for illustrative purposes, and not based on any detailed modelling.  
For the years 2017 to 2026, non-EV demand is projected to grow at the rate projected by Transpower for its 
basecase in its 2017 Annual Security of Supply Assessment, and then continue at the same rate beyond then 
(1% per annum).   
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This increase in consumption will inevitability give rise to a need for increased electricity generation. 

Crucially, the type and cost of electricity generation to meet this consumption will be strongly driven 
by the pattern of EV charging: 

¶ EV charging which occurs at times of peak demand will give rise to increased ΨǇŜŀƪƛƴƎΩ 
generation ς i.e. generation which is required relatively infrequently to meet peak demand.  In 
New Zealand (and indeed all countries around the world) this is predominantly from fossil-
fuelled gas and coal-fired generation. 

¶ EV charging which occurs during off-peak periods will predominantly be met by increased 
ΨōŀǎŜƭƻŀŘΩ ƎŜƴŜǊŀǘƛƻƴ ς i.e. generation which operates almost continuously.  In New Zealand, the 
most economic form of new baseload generation is renewable power in the form of wind or 
geothermal power stations. 

The pattern of EV charging will also determine the impact on network costs (i.e. the costs of building 
and operating the transmission and distribution wires): 

¶ An increase in peak demand will, over the long-term, give rise to a need to invest in additional 
network capacity.  

¶ An increase in demand in off-peak periods, if ΨsmoothedΩ across the off-peak periods, will not 
have any material impact on network costs. 

Sub-section 2.2.1 below estimates the likely pattern of charging which will occur based on current 
electricity supply arrangements, with sub-section 2.2.2 estimating the potential impact on demand if 
9± ŎƘŀǊƎƛƴƎ ǿŜǊŜ ǘƻ ƻŎŎǳǊ ƛƴ ŀ ΨǎƳŀǊǘŜǊΩ ŦŀǎƘƛƻƴΦ 

2.2.1 What pattern of EV charging is likely to emerge? 

Appendix B presents the results of modelling undertaken by Concept to estimate the likely pattern 
of residential EV charging undertaken by consumers if they face no price signal as to when they 
should charge their EV.  This is currently the case for the vast majority of consumers (we estimate 
over 95%) ƛƴ ǘƘŀǘ ǘƘŜȅ ŦŀŎŜ ŀ ΨŦƭŀǘΩ ǾŀǊƛŀōƭŜ Ϸκƪ²Ƙ ŎƻƴǎǳƳǇǘƛƻƴ price for charging their EV which 
ŘƻŜǎƴΩǘ ŎƘŀƴƎŜ ōȅ ǘƛƳŜ ƻŦ ŘŀȅΦ 

Experience in NZ and overseas indicates that a significant proportion of individuals will simply plug-in 
their vehicles to start charging as soon as they get home ς a charging approach we refer to as 
ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ.  Unfortunately, most people tend to arrive home in the early evening ς which in 
winter is the time of system peak demand. 

With the capacity drawn from residential EV charging ranging from 1.8 kW (for charging through a 
standard domestic socket) through to 7 kW (from installing a dedicated EV residential charger), this 
has the potential to significantly increase average residential peak demand above its current levels. 

However, the modelling in Appendix B indicates that there is a significant amount of diversity 
associated with EV charging.  In particular: 

¶ Diversity of when people arrive home.  i.e. the majority of people arrive home over a 3.5 hour 
window.   

¶ Diversity of how empty their batteries are when they arrive home.  Based on typical travel 
ǇŀǘǘŜǊƴǎΣ Ƴƻǎǘ 9± ōŀǘǘŜǊƛŜǎ ǿƻƴΩǘ ōŜ ǘƘŀǘ ŜƳǇǘȅΣ ŀƴŘ ǿƛƭƭ ƻƴƭȅ ǊŜǉǳƛǊŜ ŀ ǊŜƭŀǘƛǾŜƭȅ ǎƘƻǊǘ ǘƛƳŜ 
charging ς particularly if they are using a 7kW charger. 
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This combination of diversity factors means that there is reduced overlap of people charging at the 
same time.  Our modelling projection of a likely after-diversity16 ΨǇŀǎǎƛǾŜΩ ǊŜǎƛŘŜƴǘƛŀƭ 9± ŎƘŀǊƎƛƴƎ 
profile is shown in Figure 5. 

Figure 5: Modelled 'passive' after-diversity average per-EV residential charging profile 

 

Despite the diversity effects, an increase in after-diversity peak demand of approximately 0.8 kW per 
EV is a substantial amount when compared with average residential peak demands.  This is 
illustrated in the following diagram.  (Note, this is in a situation of one EV per household which, 
given average car ownership in New Zealand of 1.75 vehicles per household, equates to an EV 
penetration rate of approximately 57%.  This is the penetration rate forecast to be reached by 
around 2040 if New Zealand is to achieve net-zero greenhouse gas emissions by 2050.  If all vehicles 
in New Zealand were converted overnight to an EV, this EV charging impact per household could be 
up to 1.75 times greater.)  

                                                           
16 Ψ!ŦǘŜǊ-ŘƛǾŜǊǎƛǘȅΩ ƳŜŀƴǎ ǘƘŜ ŀǾŜǊŀƎŜ ŀŎǊƻǎǎ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŎƻƴǎǳƳŜǊǎΦ   
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Figure 6: Impact on an average household demand profile of charging an EV passively 

 

Figure 7 shows our projected modelling of the impact on national peak demand. 

Figure 7: Projected New Zealand peak MW demand impact of EVs with passive charging17 

 

                                                           
17 The non-EV demand projection is not based on any detailed modelling, but is for illustrative purposes.  It 
uses the simple assumption that peak MW demand will grow at the same rate as annual GWh energy ς i.e. 
using the Transpower figures for GWh growth. 
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Thus, if EV uptake occurs at the levels projected, and the majority of consumers continue to face 
non-cost-ǊŜŦƭŜŎǘƛǾŜ ΨŦƭŀǘΩ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƛŎŜǎ ŦƻǊ ŎƘŀǊƎƛƴƎ ǘƘŜƛǊ 9±ǎΣ bŜǿ Zealand peak demand could 
grow by approximately 3,000 MW by around 2050 ς ŀƴ ŀŘŘƛǘƛƻƴŀƭ рл҈ ƻƴ ǘƻǇ ƻŦ ǘƻŘŀȅΩǎ ǇŜŀƪ a² 
levels. 

This matters because, as set out in more detail in section 2.3, an increase in peak demand will give 
rise to a need to build generation and network capacity to meet this peak, which can be very 
expensive. 

Further, as first mentioned on page 14, peaky demand growth will likely increase the proportion of 
generation from fossil stations.  These emissions impacts of EV charging are explored in more detail 
in section 2.4 later. 

2.2.2 /ŀƴ 9±Ωǎ ōŜ ŎƘŀǊƎŜŘ ƛƴ ŀ ΨǎƳŀǊǘŜǊΩ ŦŀǎƘƛƻƴΚ 

IƻǿŜǾŜǊΣ ƛƴŎǊŜŀǎŜŘ ǇŜŀƪ ŘŜƳŀƴŘ ƛǎƴΩǘ ŀƴ ƛƴŜǾƛǘŀōƭŜ ŎƻƴǎŜǉǳŜƴce of EV uptake. 

As Figure 6 above shows, the periods of lowest non-EV demand on the system are overnight when 
most people are asleep.  This also coincides with when most people are not using their vehicles.   

If people charged their vehicles overnightΣ ǿƛǘƘ ǎǳŎƘ ŎƘŀǊƎƛƴƎ ǳƴŘŜǊǘŀƪŜƴ ƛƴ ŀ ΨǎƳƻƻǘƘŜŘΩ ŦŀǎƘƛƻƴ 
across the night, there need not be a material net increase in peak demand.  Our modelling indicates 
that, even with using a standard domestic plug, there is plenty of time to re-charge vehicles during 
the hours between 9pm and 7am for the vast majority of daily journeys undertaken by private 
vehicles. 

Figure 8 shows a simulation of the impact on average residential demand if EVs were charged 
ΨǎƳŀǊǘƭȅΩ ς i.e. predominantly overnight and smoothly through the night.  This shows that such smart 
charging would not result in any material increase in peak demand.  
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Figure 8: Impact on an average household demand profile of charging an EV ΨǎƳŀǊǘƭȅΩ18 

 

 

Figure 9 shows the revised impact on peak demand for the two projections if all vehicles were 
ŎƘŀǊƎŜŘ ƛƴ ǎǳŎƘ ŀ ΨǎƳŀǊǘΩ ŦŀǎƘƛƻƴΦ  This shows that instead of peak demand due to EV charging 
growing by approximately 3,000 MW by 2050 ǿƛǘƘ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ, peak demand would only 
increase by approximately 500 MW ǿƛǘƘ ΨǎƳŀǊǘΩ ŎƘŀǊƎƛƴƎ.19 

                                                           
18 This analysis is based on an average of one EV per household. 
19 Figure 8 shows no impact on peak demand.  However, this assumes that all vehicles have complete flexibility 
around charging times.  In reality, there will be some (relatively small) proportion of vehicles who absolutely 
must re-charge during early-evening peaks in order to meet driving requirements later in the evening. The 
analysis in Figure 9 attempts to reflect this scale of need. 
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Figure 9: Comparison of projected New Zealand peak MW demand for high EV-uptake between 
passive and smart EV-charging approaches 

 

2.3 Estimating the cost of meeting EV demand from these different approaches 

Appendix C sets out our analysis on the network and generation costs of meeting demand growth.  It 
highlights that: 

¶ Network costs are largely driven by growth in peak demand, with the combined transmission 
and distribution network cost estimated to be approximately $160-220/kW/yr 

¶ Generation costs are driven by a combination of kWh energy and peak kW requirements.  A 
ǊŜƭŀǘƛǾŜƭȅ ΨǇŜŀƪȅΩ ǇǊƻŦƛƭŜ ǎǳŎƘ ŀǎ ŀ ǇŀǎǎƛǾŜ 9± ŎƘŀrging profile is estimated to cost approximately 
$90/MWh on average, whereas a smart EV charging profile would cost approximately $70/MWh 
on average. 

Table 1 below shows the results of bringing all these various modelling components together.  i.e. 

¶ Projections of EV uptake, and associated GWh electricity demand. 

¶ tǊƻƧŜŎǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊƻŦƛƭŜ ƻŦ ΨpŀǎǎƛǾŜΩ ŀƴŘ ΨǎƳŀǊǘΩ EV charging approaches.   

¶ Estimates of the electricity system costs of meeting the associated peak demand increase (for 
network costs) and GWh profiles (for generation costs) for the different projections and charging 
profiles. 
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Table 1: Projected electricity system costs of meeting EV-related demand growth under different 
EV-uptake scenarios, and Passive vs Smart charging approaches ($bn)20 

 

This highlights that large-scale EV uptake with passive charging approaches is likely to cost New 
Zealand of the order of 8-12 billion dollars in additional electricity system costs (2 to 3.5 billion in 
present value terms) ς largely through causing significant extra network investment. 

As noted previously, there is a reasonable degree of uncertainty as to these estimates, due to 
uncertainties over the timing and scale of network investments (including the extent of cost impact 
on the low-voltage parts of the distribution networks), and uncertainties over the rate of uptake of 
EVs for different parts of the transport fleet.  Thus, ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘŜ ΨǘǊǳŜΩ ǾŀƭǳŜ ŎƻǳƭŘ ōŜ ƘƛƎƘŜǊ 
or lower than the estimates presented here. 

Nonetheless, these uncertainties are considered differences in degree, rather than fundamental 
uncertainties over the nature and scale of outcomes.  Thus, we have a high degree of confidence 
that, if non-cost-reflective electricity pricing for charging EVs was to continue over the next few 
decades, the consequent passive charging of EVs would result in many billions of dollars of 
unnecessary electricity system cost impacts. 

2.4 Emissions impacts of different EV charging approaches 

As first mentioned on page 14, the pattern of EV charging will also affect what type of electricity 
generation meets the increase in consumption: 

¶ 9± ŎƘŀǊƎƛƴƎ ǿƘƛŎƘ ƻŎŎǳǊǎ ŀǘ ǘƛƳŜǎ ƻŦ ǇŜŀƪ ŘŜƳŀƴŘ ǿƛƭƭ ƎƛǾŜ ǊƛǎŜ ǘƻ ƛƴŎǊŜŀǎŜŘ ΨǇŜŀƪƛƴƎΩ 
generation ς i.e. generation which is required relatively infrequently to meet peak demand.  In 
New Zealand (and indeed all countries around the world) this is predominantly from fossil-
fuelled gas and coal-fired generation. 

¶ EV charging which occurs during off-peak periods will predominantly be met by increased 
ΨōŀǎŜƭƻŀŘΩ ƎŜƴŜǊŀǘƛƻƴ ς i.e. generation which operates almost continuously.  In New Zealand, the 
most economic form of new baseload generation is renewable power in the form of wind or 
geothermal power stations.  

This issue was explored in some detail in a 2016 Concept report: άElectric cars, solar panels and 
batteries ς Ƙƻǿ ǿƛƭƭ ǘƘŜȅ ŀŦŦŜŎǘ bŜǿ ½ŜŀƭŀƴŘΩǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΚέ.21 

The key results from this analysis were that, in the medium-to-long-term, an increase in EV demand 
would largely be met by increased renewable generation (largely wind, but some geothermal), but 

                                                           
20 The discounted present value numbers, use a discount rate of 6% to bring back costs which occur in the 
future to a present value. 
21 This report is available for download at http://www.concept.co.nz/publications.html  

http://www.concept.co.nz/publications.html
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with the extent of renewable versus fossil generation varying between passive and smart charging 
approaches: 

¶ Under a passive EV charging approach, approximately 20% of the generation to meet the 
demand would be from increased fossil generation, with the remainder from renewable 
generation.22 

¶ Under a smart EV charging approach, just over 5% of the generation to meet the demand would 
be from increased fossil generation. 

Figure 23 of that 2016 report indicates that the long-term emissions intensity of generation to meet 
a passive charging profile would be 0.1 kgCO2/kWh, whereas that of a smart charging profile would 
only be 0.035 kgCO2/kWh.   

Therefore, not only would passive EV charging have significant (and unnecessary) economic costs, it 
would give rise to unnecessary environmental costs.   

That said, it should be noted that, even for the passive charging regime, the overall environmental 
effect of EV uptake is strongly positive due to the electricity-generation-related emissions being 
more than offset by the avoided exhaust emissions from ICE vehicles.  This is illustrated in Figure 10 
below (which is taken from Figure 24 in the 2016 reportύΦ  όbƻǘƛƴƎ ǘƘŀǘ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ ǿŀǎ 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨǎƛƳǇƭŜΩ ŎƘŀǊƎƛƴƎ ƛƴ the 2016 report.) 

Figure 10: Estimated longer-term emissions impacts of EV uptake23 

 

                                                           
22 The reason that passively-ŎƘŀǊƎŜŘ 9± ŘŜƳŀƴŘ ŘƻŜǎƴΩǘ ƎƛǾŜ ǊƛǎŜ ǘƻ ŀ ƎǊŜŀǘŜǊ ŀƳƻǳƴǘ ƻŦ Ŧƻǎǎƛƭ ƎŜƴŜǊŀǘƛƻƴ ƛǎ 
because on a within-year basis, EV demand is effectively baseload.  This substantially affects the type of 
generation required to meet an increase in demand.  Further, the modelling assumed that over the medium-
to-long-term CO2 prices would rise above current levels.  This lowers the threshold capacity factor below which 
it is more cost-effective to use fossil stations rather than renewables. 
23 ¢ƘŜ ΨƛƴŎǊŜƳŜƴǘŀƭ ŜƳōƻŘƛŜŘΩ ŜƳƛǎǎƛƻƴǎ ƛƴŘƛŎŀǘŜ ǘƘŜ ƘƛƎƘŜǊ ƎǊŜŜƴƘƻǳǎŜ ŜƳƛǎǎƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
manufacturing an EV compared with manufacturing an ICE vehicle (noting that battery production is very 
energy intensive), but spread over the typical number of km travelled by a vehicle over its lifetime.  The 
ΨŜ ǎŜŎǘƻǊΩ ŜƳƛǎǎƛƻƴǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŀƴȅ Ŧƻǎǎƛƭ-fuelled generation used to re-charge EV batteries.  
¢ƘŜ ΨŀǾƻƛŘŜŘ ǘŀƛƭǇƛǇŜΩ ŜƳƛǎǎƛƻƴǎ ǊŜǇǊŜǎŜƴǘ the avoided ICE exhaust emissions that would otherwise have 
occurred from driving an ICE vehicle. 
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2.5 The cost and emissions impacts of passive versus smart charging are likely to 
be even greater than set-out above 

The above analysis compares the cost and emissions impacts of passive versus smart charging, for a 
given level of EV uptake. 

However, the price signals ŦǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ ǇǊŜŘƻƳƛƴŀƴǘ ΨŦƭŀǘΩ prices ǘƘŀǘ ƎƛǾŜ ǊƛǎŜ ǘƻ ΨǇŀǎǎƛǾŜΩ 
charging approaches will also result in EV-owners paying more to charge their EVs than they would if 
they charged overnight and paid a (low) cost-reflective price for such overnight charging.  The 
current low-fixed charge regime exacerbates this effect. 

This is illustrated in Figure 11 which shows the price paid/received by consumers for 
using/generating electricity for four different consumer appliances including EVs (and also solar PV 
which is a generation technology). 

Figure 11: Demand (or generation)-weighted average price seen by different consumer 
technologies24 

 

These distorted price signals will harm the economics of EVs relative to ICEs for vehicle owners, and 
likely result in EV uptake being supressed relative to what could be achieved.   

Appendix A details how a projection was developed which estimates the extent to which EV uptake 
would be frustrated if all other factors which gave rise to the net-zero-by-2050 projection were in 
place (e.g. battery cost reductions, CO2 price increases), but consumer electricity prices continued 
with a non-cost-reflective structure.  This is illustrated in Figure 12 below. 

                                                           
24 [C/ Ґ Ψƭƻǿ-ŦƛȄŜŘ ŎƘŀǊƎŜΩ 
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Figure 12: Projected impact on the proportion of the light private fleet which are EVs due to 
delayed uptake due to a continuation of non-cost-reflective consumer electricity prices 

 

 

Table 2 below illustrates how this altered rate of uptake translates into a significant increase in 
ŜƳƛǎǎƛƻƴǎ ŦƻǊ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭƛƎƘǘ ǇǊƛǾŀǘŜ ŦƭŜŜǘΦ  ¢ƘǳǎΣ ōȅ нлрлΣ ŜƳƛǎǎƛƻƴ ŦǊƻƳ ǘƘŜ ƭƛƎƘǘ ǇǊƛǾŀǘŜ Ŧƭeet 
will be 37% higher if uptake is delayed due to a continuation of non-cost-reflective prices.  This is 
due to: 

¶ Higher exhaust emissions from the increased number of ICE vehicles 

¶ Electricity generation emissions being higher due to a higher proportion of fossil generation to 
meet the peakier demand profile of EVs. 

Table 2: Projected difference in emissions outcomes due to a continuation of non-cost-reflective 
consumer electricity prices (MtCO2-e) 

 

This delayed uptake due to non-cost-reflective electricity prices will also deliver poor economic 
outcomes: 

¶ Higher electricity system costs due to EV demand being significantly peakier from a passive 
charging profile.  (This significantly outweighs the impact from reduced GWh from delayed EV 
uptake) 
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¶ Higher vehicle costs, principally from increased oil purchases to fuel the greater number of ICE 
vehicles.  

Table 3 sets out the estimates of this economic impact. 

Table 3: Projected economic impact of delayed EV uptake due to a continuation of non-cost-
reflective consumer electricity prices ($bn) 
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3 Options for incentivising better outcomes 

3.1 Introduction 

The preceding section has identified that the current pricing approach for electricity ς i.e. 
predominantly ΨŦƭŀǘΩ Ϸκƪ²Ƙ priceǎ ǿƘƛŎƘ ŘƻƴΩǘ ǾŀǊȅ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ Řŀȅ ς will result in poor EV 
outcomes: 

¶ EV-owners will pay significantly more than they should for charging their vehicles.  This will slow 
ǘƘŜ ǊŀǘŜ ƻŦ ǳǇǘŀƪŜ ƻŦ 9±ǎΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƻǾŜǊŀƭƭ ŜŎƻƴƻƳƛŎ 
costs. 

¶ ¢ƘƻǎŜ ƘƻǳǎŜƘƻƭŘǎ ǿƘƻ Řƻ ǇǳǊŎƘŀǎŜ 9±ǎ ǿƛƭƭ Ƴƻǎǘƭȅ ŀŘƻǇǘ ŀ ΨǇŀǎǎƛǾŜΩ ŀǇǇǊƻŀŎƘ ŦƻǊ ǊŜ-charging 
their batteries ς i.e. simply plugging-in and charging as soon as they get home ς resulting in a 
significant increase in peak demand and associated costs. 

These outcomes have been identified by the Electricity Authority (and others, including the 
Electricity Networks Association) as being symptomatic of the current predominant electricity pricing 
approach not being cost-reflective. 

This section starts to explore what opportunities may exist to move to more cost-reflective pricing 
approaches ǿƘƛŎƘ Ƴŀȅ ŀŎƘƛŜǾŜ ǘƘŜ Ψǿƛƴ-ǿƛƴΩ ƻŦ ƛƴŎǊeased EV uptake, but with EV charging 
ǳƴŘŜǊǘŀƪŜƴ ƛƴ ŀ ǿŀȅ ǿƘƛŎƘ ŘƻŜǎƴΩǘ ƳŀǘŜǊƛŀƭƭȅ ƛƴŎǊŜŀǎŜ ǇŜŀƪ ŘŜƳŀƴŘ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŎƻǎǘǎΦ 

The purpose of this section is not to identify specific solutions, but to start to highlight:  

¶ the range of possible options 

¶ the types of challenges associated with each option 

¶ possible areas for the industry to progress to resolve such challenges. 

3.2 Time-of-use pricing 

One potential option to encourage EV owners to charge their vehicles away from peak periods is the 
use of time-of-use pricing: i.e. having time-differentiated variable c/kWh consumption prices with a 
ΨpeakΩ period and an Ψoff-peakΩ period.  This is a form of cost-reflective price that seeks to signal to 
consumers the periods where increased demand will result in increased cost of supply ς and is one 
of the three main families of options that the ENA has identified as potentially being appropriate to 
deliver more cost-reflective prices.25 

Experience overseas, and with trials in New Zealand26, indicates that this does result in a substantial 
shift in EV charging behaviour, with people using the built-in functionality within their EVs or wall 
chargers to program charging to begin within the off-peak period. 

                                                           
25 The other two main options are peak demand-based, and capacity-ōŀǎŜŘ ǇǊƛŎŜǎΦ  ¢ƘŜ 9b!Ωǎ Ƴŀƛƴ ǊŜǇƻǊǘ ƻƴ 
these issues is available here: http://ena.org.nz/news-and-events/news/final-pricing-guidance-report-
published/  
26 For example, see: http://www.energynews.co.nz/news-story/electric-vehicles/35753/overnight-tariffs-drive-
ev-charging-shift-mercury  

 

http://www.energynews.co.nz/news-story/electric-vehicles/35753/overnight-tariffs-drive-ev-charging-shift-mercury
http://www.energynews.co.nz/news-story/electric-vehicles/35753/overnight-tariffs-drive-ev-charging-shift-mercury
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For example, a United States study on EV charging patterns27 highlighted the significant differences 
in charging behaviour between:  

¶ customers who faced a time-of-use electricity price (as shown in Figure 13 below for San 
Francisco, where Pacific Gas & Electric offered EV-owning customers a time-of-use price with an 
off-peak period starting at midnight.) 

¶ customers who faced a flat electricity price.  (as shown in Figure 14 below, for Nashville) 

Figure 13: Weekday EV charging demand for San Francisco (Note: x-axis starts at 8am) 

 

                                                           
27 ά! CƛǊǎǘ [ƻƻƪ at the Impact of Electric Vehicle Charging on the Electric DǊƛŘ ƛƴ ¢ƘŜ 9± tǊƻƧŜŎǘέ, EVS26, May 
2012  https://energy.gov/sites/prod/files/2014/02/f8/evs26_charging_demand_manuscript.pdf  

https://energy.gov/sites/prod/files/2014/02/f8/evs26_charging_demand_manuscript.pdf
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Figure 14: Weekday time-of-day EV charging demand for Nashville (Note: x-axis starts at 
midnight) 

 

While TOU pricing has shown to be successful in shifting EV demand out of the current peak, such 
success is a double-edged sword in that it creates a likelihood of a new, greater peak: 

¶ As almost all EVs have the functionality to set the vehicle to start charging at a certain time, 
there is a risk that large numbers of EV-owners will set their vehicles to start charging at the 
start of the off-peak period. (As has been observed in the San Francisco case shown in Figure 13 
above.)  This is because, even if vehicle technology allows a later start time for charging, there is 
no economic advantage for a driver to set the start time of their vehicle charging at any time 
later than the start of the TOU period.  Indeed given the (albeit small) risk of electrical outage 
there is disadvantage to doing so. 

¶ Such a charging approach would lose all the diversity benefits associated with people starting 
their EV charging at different times. 

Figure 15 illustrates the potential charging outcome in New Zealand if every EV owner who arrives 
home prior to 9pm were to start charging their vehicle at 9pm όΨIƻƳŜ ¢h¦Ωύ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ 
previously estimated passive charging outcome for consumers who plug-in whenever they get home 
becŀǳǎŜ ǘƘŜȅ ŦŀŎŜ ŀ ΨŦƭŀǘΩ price. 
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Figure 15: Modelled after-diversity EV charging pattern for 'passive' (flat price) and 'simple TOU' 
charging approaches (average impact per EV) 

 

If such an outcome were to occur from TOU pricing (noting that a proportion of consumers may not 
respond to this signal and continue to charge passively), then our analysis suggests it would only 
require 9% of households to have an EV for the peak system demand to shift to 9pm, from the 
current 6pm system peak. 

Further, because each additional EV operating under this TOU pricing paradigm adds 3.6 kW to 9pm 
demand, whereas under a flat price paradigm each EV only adds 0.8 kW to system peak (due to 
diversity effects), the rate of increase in peak with EV uptake is much greater.   

Therefore, for EV penetrations of 15-20% and above, the peak demand arising from everyone 
ŦƻƭƭƻǿƛƴƎ ǘƘƛǎ ΨǎƛƳǇƭŜ ¢h¦Ω pricing approach would be greater than if everyone had continued to 
folloǿ ŀ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ ŀǇǇǊƻŀŎƘΦ 

Clearly, not everyone will follow ŀ ΨǎƛƳǇƭŜ ¢h¦Ω pricing approach (i.e. start charging at 9pm as in the 
example) as some will disregard price and simply charge their vehicles when they want.  However, 
the experience of trials, such as that illustrated in Figure 13, and a significant portion of customers 
wishing to save money suggests that a large proportion will.  It is thus considered likely that large-
scale EV uptake with TOU prices is likely to result in the type of adverse outcomes described above. 

Further, large step-change increases in demand at the same time create additional voltage and 
frequency impacts on networks.  This means a ΨǎƛƳǇƭŜ ¢h¦Ω ŀǇǇǊƻŀŎƘ Ƴŀȅ ƭŜŀŘ ǘƻ ƴŜǘǿƻǊƪ ǎǘŀōƛƭƛǘȅ 
issues (at local, or regionally/nationally if neighbouring network companies TOU periods start at the 
same timeύ ǘƘŀǘ ŀǊŜƴΩǘ ŜȄǇŜǊƛŜƴŎŜŘ ƛŦ ǇŀǎǎƛǾŜ ŎƘŀǊƎƛƴƎ ƻǊ ŀ ǘǊǳƭȅ ǎƳŀǊǘ ŎƘŀǊƎƛƴƎ ŀǇǇǊƻŀŎƘ ƛǎ ŀŘƻǇǘŜŘΦ  
Such network stability issues may reduce the confidence of homeowners to convert to EVs and slow 
the rate of adoption ς with consequent impact on carbon reductions. 

One possible option to address the phenomenon of a new larger instantaneous peak is to introduce 
stepped TOU pricing ς ǎǳŎƘ ŀǎ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ΨǎƘƻǳƭŘŜǊΩ ǇŜǊƛƻŘΦ  CƻǊ ŜȄŀƳǇƭŜΣ ƘŀǾƛƴƎ ŀ ƳƛŘ-rate 
period between 9pm and 11pm. 

However, this is not considered likely to fundamentally resolve the problem.  This is because there is 
no incremental effort or loss of utility for an EV owner programming their car to start charging at 
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11pm compared to 9pm.  As such, it is considered likely that we will get the extreme demand step-
change at 11pm rather than 9pm and with similar consequences. 

As evidence that stepped TOU pricing is unlikely to resolve this issue, Orion in the late 20th century 
had this approach for the management of hot water cylinders.  Over time, as the number of hot 
water cylinders increased, they found stepped TOU pricing to cause the negative effects discussed 
ƘŜǊŜΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ ƛƴ ǘƘŜ ƭŀǘŜ мффлΩǎ hǊƛƻƴ ƳƻǾŜŘ ǘƻ ǎƻƭǾŜ ǘƘƛǎ ƛǎǎǳŜ ōȅ ǎƘƛŦǘƛƴƎ ǘo a reward-based 
approach where the start time of charging of hot water cylinders was de-linked from a specific 
period.   

Another option that has been suggested is to have the TOU time periods being different for different 
consumers.  For example, one household having off-peak starting at 9pm, another at 9.15 pm, 
another at 9.30 pm, etc. 

While this would certainly reduce the demand step-change phenomenon, it is considered this 
approach would introduce high transaction costs to implement, as this dispersion of times would 
need to be for all customers within each LV network (i.e. the group of approximately 50-100 
properties served by the same LV transformer).  This would impose high cost-to-serve for networks 
and electricity retailers (which would be passed-on to consumers) and would also tend to act as a 
constraint on electricity retail competition.  In this respect, it is worth noting that electricity retailers, 
based on feedback from their customers, have repeatedly suggested that network pricing needs to 
get simpler ς not more complicated.  

The last potential issue associated with using TOU pricing to incentivise off-peak EV charging is that 
it may raise additional issues once so-ŎŀƭƭŜŘ ΨǾŜƘƛŎƭŜ-to-ƎǊƛŘΩ (V2G) technology (i.e. EVs injecting 
power back into the grid at times) becomes more prevalent.  With potential cost-reflective time-of-
use price differentials between peak and off-peak periods of approximately 15 c/kWh, there would 
be strong financial incentives for vehicle owners to use their vehicles as storage batteries:  i.e. 
vehicles injecting power back into the grid at times of high price, and re-filling the battery at times of 
low price.  Such behaviour would tend to significantly exacerbate the step-changes in demand 
between peak and off-peak periods illustrated in Figure 15 above, until such a point when night time 
becomes the new peak, and customer pricing needs a dramatic overhaul. 

In summary, while TOU pricing is an excellent means of shifting EV charging to periods ŎƭŀǎǎŜŘ ŀǎ ΨƻŦŦ 
ǇŜŀƪΩΣ ƛǘ does not overcome the fundamental other requirement ǊŜǉǳƛǊŜŘ ŦƻǊ ΨǎƳŀǊǘΩ ŎƘŀǊƎƛƴƎ, 
namely smoothing EV charging across users over the off-peak period.   

Indeed, for the reasons set out above, TOU is so good at shifting EV charging patterns that it will give 
rise to a new (and faster growing) peak at relatively low levels of EV penetration than would occur 
with passive charging under the current flat price structure.   As set out previously in section 2 such a 
higher peak will deliver adverse economic and environmental outcomes. 

Further, the sharp step-change in demand at thŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘ ŎƭŀǎǎŜŘ ŀǎ ΨƻŦŦ-ǇŜŀƪΩ ŎƻǳƭŘ 
potentially create network stability issues. 

Clearly, as such outcomes start to emerge, it would be likely that the industry would move away 
from TOU pricing.  However, it is not considered desirable to introduce TOU pricing, only for 
consumers to go through the upheaval of moving to another pricing approach as undesirable 
outcomes from TOU pricing for EV charging start to emerge. 

It is considered that these poor outcomes in relation to TOU pricing applying to EV load is because 
EVs are storage technologies.  Hot water cylinders are also storage technologies. 

By their very nature, storage technologies offer significant flexibility to alter the timing of energy 
consumption without materially impacting on delivery of the underlying energy service ς i.e. 
transport in the case of EVs, hot water in the case of hot water cylinders.  For example, whether an 
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9± ƛǎ ŎƘŀǊƎŜŘ ŀǘ сǇƳ ƻǊ оŀƳ ŘƻŜǎƴΩǘ ŀŦŦŜŎǘ ǘƘŜ ǳǘƛƭƛǘȅ ǊŜŎŜƛǾŜŘ ōȅ ŀ ǾŜƘƛŎƭŜ ƻǿƴŜǊ ŦǊƻƳ ŘǊƛǾƛƴƎ ƛǘ ǘƻ 
work at 9am. 

It is potentially the case that TOU pricing may be appropriate to deliver improved consumer 
decisions in relation to other, non-storage energy technologies (e.g. incentivising least-cost 
investment in efficient lighting, or home insulation) without resulting in the significant step-changes 
in demand associated with storage technologies.  It is beyond the scope of this report to consider 
the suitability of TOU pricing for these other consumer demands. 

3.3 Coincident maximum demand charging 

An alternative more cost-reflective pricing option could be to introduce coincident maximum 
demand (CMD) ƻǊ ΨǇŜŀƪΩ pricing ς ƛΦŜΦ ŀ ΨǎǘƛŎƪΩ ƻŦ ǇŜƴŀƭǘȅ ǇǊƛŎŜǎ ŦƻǊ ŎƘŀǊƎƛƴƎ ŘǳǊƛƴƎ ǇŜǊƛƻŘǎ ƻŦ ǇŜŀƪ 
demand, to incentivise people to charge their EV outside of periods which are likely to be peak 
periods. 

The key differences between CMD and TOU pricing are: 

¶ ¢h¦ ǇǊƛŎƛƴƎ ƛǎ ΨǎǘŀǘƛŎΩ όǘƘŜ ǇŜŀƪ ŀƴŘ ƻŦŦ-peak periods are determined in advance), and with 
relatively low peak prices; 

¶ /a5 ǇǊƛŎƛƴƎ ƛǎ ΨŘȅƴŀƳƛŎΩ όǿƘƛŎƘ ǇŜǊƛƻŘǎ ŀǊŜ ŎƭŀǎǎŜŘ as peaks is not known in advance), with 
relatively high peak prices: 

For example, a simple peak & off-peak TOU structure may have the peak period being four hours in 
the morning and four in the evening (2,920 hours in total across the year), with the peak network 
price being 15 c/kWh and the off-peak network price being 0 c/kWh. 

Conversely, a CMD pricing approach may only have 125 hours in the year classed as peak with 

¶ periods only classed as peak either shortly in advance (e.g. a couple of hours prior) or after the 
event (sometimes several months after) 

¶ the peak network price applying during such periods being as high as $2.50/kWh (i.e. fifteen 
times greater than the TOU peak price.) 

While CMD pricing is likely to deliver better demand outcomes than TOU pricing ς i.e. it is much less 
likely to deliver the sharp step-changes in demand associated with the start of a TOU off-peak period 
ς there are other aspects of CMD pricing which may prove challenging arising from the fact that the 
CMD pricing would need to apply to all electricity consumed at the property (not just the EV 
charging): 

¶ !ǎ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ¢ƘŜ [ƛƴŜǎ /ƻƳǇŀƴȅΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǎǳŎƘ ǇǊƛŎƛƴƎ ƛƴŘƛŎŀǘŜǎΣ ƛǘ ƛǎ ƴƻǘ 
clear that mass-ƳŀǊƪŜǘ ŎƻƴǎǳƳŜǊǎ ƘŀǾŜ ǘƘŜ ΨǎƻǇƘƛǎǘƛŎŀǘƛƻƴΩ ǘƻ ƳŀƪŜ ƎƻƻŘ ŘŜŎƛǎƛƻƴǎ ƛn the face 
of such extreme, and dynamic prices.   

¶ CMD pricing inherently imposes relatively high transaction costs on networks, retailers and 
consumers in terms of signalling, monitoring, and responding to the real-time peak price signals.  
For customers, it is generally hard to predict when peaks will occur.  And with the emergence of 
ƭŀǊƎŜ ŎƻƴǘǊƻƭƭŀōƭŜ ƭƻŀŘǎ όǎǳŎƘ ŀǎ 9±ǎ ŀƴŘ Ƙƻǘ ǿŀǘŜǊ ŎȅƭƛƴŘŜǊǎύΣ ǇƘŜƴƻƳŜƴŀ ǎǳŎƘ ŀǎ ΨǇŜŀƪ 
ƘǳƴǘƛƴƎΩ Ŏŀƴ ƻŎŎǳǊ ǿƘŜǊŜōȅ ƭŀǊƎŜ ƴǳƳōŜǊǎ ƻŦ ŎǳǎǘƻƳŜǊǎ ǎƘƛŦǘ ƭƻŀŘ ƻǳǘ ƻŦ ƻƴŜ ǇŜǊƛƻŘΣ ƻƴly to 
cause the peak to shift to another period if this load movement is uncoordinated between 
customers.  This causes costs (and stress) for customers seeking to minimise their bills. 

¶ Applying CMD pricing can raise some social welfare issues for consumers suffering income 
deprivation, particularly:  

- managing much higher winter / summer bill differentials; and  
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- undesirable incentives on people to under-heat their home, particularly at times of greatest 
need (i.e. during periods of extreme cold weather ς which tends to drive peak demand). 

For the above reasons, it is not clear that CMD pricing would be a desirable approach to incentivising 
households to undertake good EV charging approaches. 

3.4 General issues with TOU and CMD prices 

3.4.1 The potential for bill shock 

The above analysis highlights the significant general challenge with using more cost-reflective prices 
to incentivise good EV charging approaches:  Cost-reflective prices which reward night-time charging 
will also penalise peak-time charging.  This altered pricing approach will also apply to the rest of 
household demand.   

tǊŜǾƛƻǳǎ ŀƴŀƭȅǎƛǎ ǳƴŘŜǊǘŀƪŜƴ ōȅ /ƻƴŎŜǇǘ Ƙŀǎ ƛŘŜƴǘƛŦƛŜŘ ǘƘŀǘ ǎƻƳŜ ŎƻƴǎǳƳŜǊǎ ǿƛƭƭ ŦŀŎŜ ǎƛƎƴƛŦƛŎŀƴǘ Ψōƛƭƭ 
ǎƘƻŎƪǎΩ ǿƛǘƘ ǎǳŎƘ ŀ ƳƻǾŜ ς albeit with other consumers enjoying counter-balancing bill reductions.28 

Given the uncertainty that most consumers face as ǘƻ ǿƘŜǘƘŜǊ ǘƘŜȅ ǿƻǳƭŘ ōŜ ΨǿƛƴƴŜǊǎΩ ƻǊ ΨƭƻǎŜǊǎΩ 
from moving to such cost-reflective pricing, it is possible that most consumers will elect to continue 
with their current pricing approaches if given the choice.  Indeed, that is the overwhelming 
experience to-date for those networks who have offered time-of-use prices for several years.29 

However, if ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƴǳƳōŜǊ ƻŦ ŎƻƴǎǳƳŜǊǎ ŜƭŜŎǘ ǘƻ ŎƻƴǘƛƴǳŜ ƻƴ ΨŦƭŀǘΩΣ ƴƻƴ-cost-reflective prices, 
one of two undesirable outcomes will likely occur: 

¶ LŦ ǘƘŜȅ Řƻ ǇǳǊŎƘŀǎŜ ŀƴ 9±Σ ǘƘŜȅ ǿƛƭƭ ƭƛƪŜƭȅ ŎƘŀǊƎŜ ƛƴ ŀ ΨǇŀǎǎƛǾŜΩ ŦŀǎƘƛƻƴ ƎƛǾƛƴƎ ǊƛǎŜ ǘƻ ǘƘŜ ƛƴŎǊŜŀǎŜ 
in system costs identified above. 

¶ They will be less likely to purchase an EV in the first place, given that the costs of charging their 
vehicle will be significantly higher.  As set out in section 2.5, this will increase the costs of oil 
purchases, plus cause significantly higher greenhouse emissions. 

The alternative approach is to make cost-reflective prices compulsory.  This would in principle 
deliver improved EV outcomes in terms of higher uptake for lower costs.  However, many consumers 
ǿƻǳƭŘ ōŜ ΨƭƻǎŜǊǎΩ ŀƴŘ ǎǳŦŦŜǊ ōill shocks from such a move ς albeit offset with other consumers being 
ΨǿƛƴƴŜǊǎΩΦ  DƛǾŜƴ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ¢ƘŜ [ƛƴŜǎ /ƻƳǇŀƴȅ ƛƴǘǊƻŘǳŎƛƴƎ /a5 ǇǊƛŎƛƴƎΣ ƛǘ ƛǎ ƴƻǘ ŎƭŜŀǊ ǘƘŀǘ ŀ 
rapid introduction of compulsory cost-reflective prices would be desirable.   

Rather, a more considered, phased approach is regarded as preferable, particularly as there are 
some complex design issues to resolve with moving to cost-reflective pricing, with difficult trade-offs 
to resolve.  For example,  

¶ At the moment, a lot of network and retail costs which are not driven by kWh consumption are 
currently recovered via variable c/kWh consumption charges.  Moving to recovering a higher 
proportion of costs from fixed charges is likely to deliver better economic, environmental and, in 
many cases, social outcomes over the long-term.  For example, it would improve the economics 
of owning an EV, thereby facilitating EV uptake and improved environmental outcomes.  
However, high fixed charges are prohibited for most residential consumers under the low-fixed 
ŎƘŀǊƎŜ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ Ǌǳƴ ŎƻǳƴǘŜǊ ǘƻ Ƴŀƴȅ ǇŜƻǇƭŜΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ΨŦŀƛǊƴŜǎǎΩΦ 

                                                           
28 {ŜŜΥ άElectric cars, solar panels, and batteries in New Zealand ς the social impactsέΣ aŀǊŎƘ нлмтΦ  !ǾŀƛƭŀōƭŜ 
for download at www.concept.co.nz/publications.html - ŀƭƻƴƎ ǿƛǘƘ ŀ ǎǳƳƳŀǊȅ ǇǊŜǎŜƴǘŀǘƛƻƴ άNew 
technologies + Old tariffs = Problem!έ 
29 While some EV owners in New Zealand have shown a greater propensity for moving to TOU prices, it is 
considered that these early adopters (who tend to be engaged in the electricity market to an unusual extent) 
are not representative of the general public. 

http://www.concept.co.nz/publications.html
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¶ There are some design choices for the approach to recovering those network costs not driven by 
demand (so-ŎŀƭƭŜŘ ΨǊŜǎƛŘǳŀƭΩ ƴŜǘǿƻǊƪ costs), particularly with regards to cost-allocation between 
consumer groups, and issues such as rural / urban pricing. 

3.4.2 Limited ability to deliver very-smart charging approaches 

The other general issue with TOU and CMD pricing is that neither option is considered very good at 
ŀŎƘƛŜǾƛƴƎ ǘƘŜ ΨǎƳƻƻǘƘƛƴƎΩ ƛƴ ŘŜƳŀƴŘ ǘƘŀǘ ǿƛƭƭ ōŜ ƴŜŎŜǎǎŀǊȅ ŀǘ even modest levels of EV penetration 
to prevent an increase in peak demand.   

An example of smoothing in demand is shown in Figure 16 for hot water demand in Christchurch.  
This shows how the proportion of hot water load shed was varied in a highly coordinated fashion 
throughout the course of the day so as to give a flat overall demand curve. 

Figure 16: Orion's network load and management for 12 Jul 2017 

 
Source: Orion 

While both TOU and CMD are good at avoiding current system peaks, neither TOU or CMD is 
considered capable of delivering this highly coordinated charging approach to fill up night-time 
troughs in a way which prevents new peaks emerging with large-scale EV uptake. 

3.5 Managed charging 

A third option which may avoid many of the above undesirable outcomes from TOU and CMD pricing 
is for EV charging to be managed by an electricity retailer, aggregator, or network company. 

Such management would involve interrupting EV charging during periods of peak demand, and 
managing EV charging over the rest of the period to prevent new peaks occurring, whilst ensuring 
that the EV battery is fully charged by the time a customer needs it for the start of their daily 
commutingΦ  ¢Ƙƛǎ ǿƻǳƭŘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ƘƛƎƘƭȅ ŎƻƻǊŘƛƴŀǘŜŘ ΨǎƳƻƻǘƘŜŘΩ 9± ŘŜƳŀƴŘ ŎƘŀǊƎƛƴƎ ǘƘŀǘ ƛǎ 
currently achieved by some networks for hot-water demand, whilst still providing customers with a 
service level they are happy with. 
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The key questions with managed charging are:  

¶ How to incentivise the majority of consumers to grant another party the right to manage their 
EV charging? 

¶ Can such incentives be arranged in ŀ ǿŀȅ ǿƘƛŎƘ ŘƻŜǎƴΩǘ ŎŀǳǎŜ ōƛƭƭ ǎƘƻŎƪǎΚ 

Mandated approach? 

In the past, some networks used a form of mandated approach (to varying degrees) to secure the 
ability to manage the hot water cylinders on their network.  i.e. ǘƘŜ ǘŜǊƳǎ ƛƴ ŀ ŎǳǎǘƻƳŜǊΩǎ ŎƻƴǘǊŀŎǘ 
granted the network the ability to manage a hot water cylinder that is connected to the network.  
Generally, this was explicitly rewarded in the form of lower pricing for hot water cylinders, 
recognising the costs savings to the network through not having to build as much network capacity 
to meet peak demand.30   

However, it is considered that these mandated approaches for hot water were historical legacies 
which reflected the circumstances of the time.  It is not considered that mandating that a third party 
must be able to manage in-home devices is a desirable approach to take for new consumer energy 
technologies, including EVs.  This is particularly because mandate risks: 

¶ The relative value that different consumers place on a service not being properly recognised 

¶ Management through mandate being used only for the part of the supply chain associated with 
the mandate (e.g. provision of network services), and not being effectively used for delivering 
value for other parts of the supply chain (e.g. generation). 

Further, mandates are only likely to be practicable if the mandate can be associated with the 
ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ŀ ŘŜǾƛŎŜ ƛƴ ŀ ŎƻƴǎǳƳŜǊΩǎ ǇǊŜƳƛǎŜǎ ǿƘƛŎƘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǊŜƎǳƭŀǘƛƻƴΦ  While this is the 
case for hot water cylinders ς i.e. they require a qualified electrician, and the installation of a 
cylinder which meets New Zealand standards ς it is not the case for EVs given that EVs can be 
charged from a standard domestic socket. 

It is possible that a mandate could be associated with installation of dedicated chargers.  This 
ŀǇǇǊƻŀŎƘ ŀǇǇŜŀǊǎ ǘƻ ōŜ ōŜƛƴƎ ǇǳǊǎǳŜŘ ōȅ ǘƘŜ ¦Y ƎƻǾŜǊƴƳŜƴǘΣ ǿƘŜǊŜ ǘƘŜ ά!ǳǘƻƴƻƳƻǳǎ ŀƴŘ 9ƭŜŎǘǊƛŎ 
±ŜƘƛŎƭŜǎ .ƛƭƭέ Ƙŀǎ ǊŜŀŎƘŜŘ its second reading.  Amongst other things, this Bill will allow regulations to 
be easily introduced, if they are determined necessary in the future, around the technical 
requirements for EV charging points.   

                                                           
30 In some cases there was no explicit recognition through a discounted hot water price, but rather the benefit 
to consumers was implicitly achieved through the networks not having to build as much network, and thus bills 
generally being lower than they would otherwise have been. 
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It is not clear how appropriate or successful such an approach would be in terms of incentivising 
management of EVs in New Zealand ς particularly as it is possible that most consumers may elect to 
charge their EVs from a standard domestic socket, rather than install a dedicated charger.  This is 
because there is an up-front cost to consumers from installing a dedicated charger31, and many 
consumers may perceive no real need for such charging, as slow charging overnight using a standard 
socket will be more than adequate for the vast majority of journeys undertaken by drivers. 

Where it might be more achievable to use mandate to incentivise managed EV charging is in relation 
to managing vehicle-to-grid (V2G) dynamics ς i.e. managing the potential for EVs to inject power 
back into the grid.  Because there are significant safety aspects with injecting power into the grid, it 
is more likely that regulations could be introduced which mandate particular approaches by 
consumers wishing to inject power from their vehicle into the grid.  Such regulations could include 
mandate that injection can only be via approved charging points which are subject to management. 

However, it is not considered desirable that such a mandate should move beyond the safety aspects 
of V2G, to also using such control to address the economic aspects of V2G.   

In this respect, V2G has the potential to deliver significant additional economic benefits through 
reducing peak demand.  However, as set out previously on page 29, there is the potential for 
inefficient outcomes if consumers use their batteries to respond to a static TOU price signal.  If a 
network, retailer or aggregator were to manage the charging and injection of the battery, much 
more cost-effective outcomes would be achievable.   

However, mandating such control may risk inadvertent outcomes, rather than an approach which 
enables EV owners to opt-in in return for sharing the economic benefit. 

In summary, it is not considered that using a mandate is a desirable approach to achieving better EV 
charging outcomes.  

                                                           
31 The up front cost for many households may include an upgrade in the electricity wiring both to and within 
their home. 
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Reward? 

The other approach to incentivise consumers to grant networks or other parties (e.g. electricity 
retailers) the rights to manage their EV charging is a financial reward.  I.e. consumers are offered 
some form of discount/reward in return for granting a third party the rights to manage the charging 
of their EV. 

This is the approach currently taken by many networks in terms of incentivising consumers to grant 
networks the rights to manage their hot water cylinder.  Typically, consumers with managed hot 
water cylinders pay a discounted network price on their variable consumption, or sometimes pay a 
lower fixed daily charge.  This recognises the costs savings to the network through not having to 
build as much network capacity to meet peak demand 

A similar value proposition is likely to be appropriate for incentivising consumers to grant parties the 
rights to manage the charging of their EV.  This also has the potential benefit of incentivising smart 
EV charging but in a way which minimises the bill shocks for consumers from introducing cost-
reflective pricing to their other, non-EV consumption. 

In addition, there may be other value propositions to incentivise consumers including: 

¶ Improved battery management.  A party (electricity retailer, network or other party) could 
charge the battery in a way which extends the life of the EV battery 

¶ Payment for injection back into the network during periods of peak demand ς i.e. vehicle-to-grid 
ς or to provide other ancillary services such as frequency keeping, voltage support etc.  

General challenges with developing EV management 

In practice there are likely to be a number of implementation challenges associated with managed 
EV charging: 

¶ Designing an EV price that supports managed EV charging which has ŀ ǎǳŦŦƛŎƛŜƴǘƭȅ ƭŀǊƎŜ ΨŎŀǊǊƻǘΩ 
to incentivise uptake, but which is consistent with other cost-reflective prices (such as TOU) 
which may apply to unmanaged load.  This may require the electricity supply for managed EVs to 
be separately metered ς increasing the costs for such an approach.  This contrasts with hot-
water management at the moment, whereby many properties have a single meter, with the 
discount for managing hot water load given to all consumption at the property.   

¶ How to incentivise managed outcomes that recognise the value of management across the 
whole of the electricity supply chain.  In other words, there may be certain times when 
management may be economic to avoid generation costs, but not local distribution costs, and 
which takes priority if say managing network load is not what retailers want at that point in time.   

Currently, this whole-of-supply chain management is not well achieved by hot-water 
management due to limitations in the signalling infrastructure such that individual consumers 
ŎŀƴΩǘ ōŜ ǎǿƛǘŎƘŜŘ ƻŦŦ ǘƻ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǇǊŜŦŜǊŜƴŎŜΦ  ό9ΦƎΦ ƻƴŜ ŎƻƴǎǳƳŜǊ 
cannot elect to have their load managed when generation costs rise above $200/MWh, while 
another chooses a threshold of $400/MWh). 

To achieve whole-of-supply-chain management will likely require the ability to manage loads at 
an individual property level.  Under such an arrangement, a household could elect whether to 
sign-up for management for network purposes (potentially to varying levels (e.g. no more than 
50 hours a year, or 150 hours a year), and also for generation purposes (again, potentially to 
varying levels).  The level of management they opt for would determine the level of 
discount/reward they receive.  This would recognise variations in individual consumer 
preference, and also facilitate targeted management varying by system need ς e.g. a network 
company may only need to manage load in one part of its network. 



 

EV Study v1.0 36 Saved: 7-Mar-18 

 

Further, to make the challenge even more challenging, it is likely that truly smart management 
will need EV-specific management.  This means not just property-specific management, but also 
the ability for such management to recognise a variety of factors ς such as how empty different 
EV batteries are, where along a low-voltage network (of approximately 50-100 houses) EVs are 
located, or consumer requirements for when they need to next drive their EV ς in order to 
coordinate which EVs should be charged, and when, in order to meet consumer requirements 
without imposing excessive supply costs. 

The internet and ubiquitous home wi-fi raises the potential for management exercised at an 
individual property level or EV level.  Further, many of the latest EVs are being produced with 
the ability to interface with external management systems in order to provide information about 
the state of the EV battery to enable EV-specific management. 

However, to achieve whole-of-supply-chain management requires the ability for different parties 
e.g. networks, retailers, specialist load-aggregators to be able to contract with consumers to 
deliver management and then access the technical infrastructure (and associated metering data) 
to execute such management.   This may require some degree of coordination to facilitate the 
best long-term outcomes, including to manage the trade-offs between: 

- Ensuring there is sufficient open-access to systems and data to facilitate competition, while 
not creating dis-incentives for companies to invest in technology.  In this respect, vehicle 
manufacturers are starting to emerge as new players in this space, with tensions emerging 
internationally regarding allowing third parties access to the data collected by, and control 
interfaces with, vehicles. 

- Ensuring that technical arrangements for accessing and interfacing with management 
infrastructure (and metering) data are standardised where appropriate, while not stifling 
innovation or closing-off possible better approaches 

- Ensuring that any management is available when truly needed.  For example, if there is a risk 
that internet may not be available due to an outage (e.g. due to something affecting a region, 
or all customers of an ISP) how large does this risk of outage need to be before the internet is 
deemed too unreliable to deliver electricity demand management?32   

hǊ ǎƘƻǳƭŘ ǎǘŀƴŘŀǊŘǎ ōŜ ŘŜǾŜƭƻǇŜŘ ŀǊƻǳƴŘ ǊŜǉǳƛǊŜŘ ΨŦŀƭƭ-ōŀŎƪΩ ƳƻŘŜǎ ŦƻǊ ŀǇǇƭƛŀƴŎŜǎ ƛƴ ǘƘŜ 
event of an internet outage?  E.g. a fall-back arrangement for EVs could be that managed EV 
chargers do not charge vehicles between the hours of 5pm to 10pm.  This may require tricky 
evaluations given that the outcomes to a consumer from a flat EV battery could be more 
costly than temporary loss of service for hot water.  

These challenges are not specific to EVs, but rather apply to all appliances which have the potential 
to be remotely controlled ς which is rapidly growing to include most energy-consuming appliances 
ŀǎ ǘƘŜȅ ōŜŎƻƳŜ ǇŀǊǘ ƻŦ ǘƘŜ ΨƛƴǘŜǊƴŜǘ ƻŦ ǘƘƛƴƎǎΩΦ 

¢ƘŜǊŜ ƛǎ ƴƻ ƛƴƘŜǊŜƴǘ ǊŜŀǎƻƴ ǿƘȅ ǎǳŎƘ ŀǊǊŀƴƎŜƳŜƴǘǎ ŎŀƴΩt be developed within the competitive 
market construct which is at the heart of the New Zealand electricity system.  However, it is likely to 
require a significant degree of industry coordination and regulatory oversight.   

                                                           
32 In this, early result from technology trials suggest that home Wi-Fi has a material degree of unreliability 
ŎƻƳǇŀǊŜŘ ǿƛǘƘ Ψǳǘƛƭƛǘȅ-ƎǊŀŘŜΩ ŎƻƴǘǊƻƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ  CƻǊ ŜȄŀƳǇƭŜΣ sometimes the home Wi-Fi drops out in 
properties, or people change passwords / modems / suppliers, etc. which affect the ability of utilities to be 
able to communicate to managed devices.  What this suggests is that utilities will need to apply some form of 
ΨǳƴǊŜƭƛŀōƛƭƛǘȅ ŦŀŎǘƻǊΩ ǘƻ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ŀƳƻǳƴǘ ƻŦ ǊŜǎǇƻƴǎŜ ŀŎǊƻǎǎ ƭŀǊƎŜ ƴǳƳōŜǊǎ ƻŦ ƘƻǳǎŜƘƻƭŘǎ ŦǊƻƳ ŀǇǇƭƛŀƴŎŜǎ 
managed through home Wi-Fi. 
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Thus, the opportunities are likely to be much greater than the relatively crude (but reliable) form of 
control that is applied to hot water, but the challenges to achieve good outcomes are likely to be 
much greater. 

It also remains to be seen how many EV-owners will be willing to hand over control of their charging 
to third parties such as retailers and networks.  We believe these options should be voluntary for 
consumers to choose, and it is possible that many consumers may suffer anxiety that handing over 
control may mean that their vehicle may not be charged when they need it.33 

However, if we are to achieve mass-EV uptake without significant electricity supply cost impacts, our 
analysis indicates we will need significant uptake of managed EV-charging pricing options. 

A final additional consideration around the development, and extent of consumer uptake, of 
managed-charging options is that if consumers opt not to take up a managed-charging option, they 
should face any increased electricity supply costs they impose on the system ς rather than cause 
ǎǳŎƘ Ŏƻǎǘǎ ǘƻ ōŜ ΨǎƘƛŦǘŜŘΩ ƻƴǘƻ ƻǘƘŜǊǎΦ   

This highlights a general issue with current, non-cost-reflective prices: Not only are they causing 
higher electricity supply costs, but with the advent of new technologies such as EVs, solar PV and 
statiŎ ōŀǘǘŜǊƛŜǎΣ ǘƘŜȅ ŀǊŜ ǊŜǎǳƭǘƛƴƎ ƛƴ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ǇǳǊŎƘŀǎŜ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜƛƴƎ ŀōƭŜ ǘƻ ΨǎƘƛŦǘΩ 
ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ Ŏƻǎǘǎ ǘƘŜȅ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƻƴǘƻ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ŘƻƴΩǘ ƘŀǾŜ 
όǎƻƳŜǘƛƳŜǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŎŀƴΩǘ ŀŦŦƻǊŘύ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

3.6 Other emerging energy technologies face similar issues 

As highlighted throughout this text, the root cause of the problems identified in this work is the fact 
that consumer electricity prices are not cost-ǊŜŦƭŜŎǘƛǾŜΦ  Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ΨŦƭŀǘΩ ǾŀǊƛŀōƭŜ Ϸκƪ²Ƙ 
consumption prices. 

Similar un-desirable outcomes from non-cost-reflective prices are starting to occur with other 
emerging technologies such as solar PV and in-home batteries.   

A previous Concept study has identified that the lack of cost-reflective pricing is resulting in  

¶ higher economic costs through consumers facing price signals which  

- encourage the uptake of some technologies which are not least-cost from a whole of NZ 
perspective (e.g. solar PV and/or in-home batteries, rather utility scale wind & geothermal 
delivered over the grid) 

- frustrate the uptake of other technologies which are least-cost (e.g. high efficiency lighting, 
home insulation, and smart appliances). 

¶ poor social outcomes, through some consumers shifting the costs of supplying them with 
electricity onto other consumers.  E.g. consumers who install solar PV shifting the costs of 
providing them with network and retailer services onto non-solar-owning consumers.  Given 
that the poorest consumers are least likely to live in a property with solar panels, this has a 
social as well as equity dimension. 

A continuation with non-cost-reflective prices will not only affect EV uptake and outcomes, but also 
ǘƘŜǎŜ ƻǘƘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  Lǘ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ǘƘŀǘ ǘƘŜǎŜ ǿƛƭƭ ƛƴ ǎƻƳŜ ǿŀȅ ΨŎŀƴŎŜƭ ƻǳǘΩ ǘƘŜ Ǉƻƻr 
outcomes arising with EVs.  Rather, it is considered that the undesirable economic, environmental 
and social outcomes will largely be additive across these different technologies. 

                                                           
33 While these consumer concerns are reasonable, we think well-designed managed charging options should 

ŜƴŀōƭŜ ƎƻƻŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ƻǳǘŎƻƳŜǎΣ ǿƛǘƘƻǳǘ ƛƳǇŀŎǘƛƴƎ ƻƴ ŎƻƴǎǳƳŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ƘŀǾŜ ǘƘŜƛǊ ǾŜƘƛŎƭŜǎ 
charged for when they need them. 
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IƻǿŜǾŜǊΣ ƛǘ ǎƘƻǳƭŘ ōŜ ŀǇǇǊŜŎƛŀǘŜŘ ǘƘŀǘ ǘƘŜ ΨǊƛƎƘǘΩ Ŏƻǎǘ-reflective price for these different 
technologies may differ.  In particular, technologies which have significant storage characteristics 
(e.g. EVs, hot water cylinders, in-home batteries) may require managed pricing as set out in this 
study, whereas other energy technologies may be more appropriately addressed via simpler forms 
of pricing (e.g. simple TOU structures). 

3.7 Conclusion on incentivising better EV charging outcomes 

A move to more cost-reflective approaches for charging for electricity is going to be necessary to 
avoid the poor economic and environmental outcomes identified in section 2 (i.e. frustrated levels of 
9± ǳǇǘŀƪŜΣ ŀƴŘ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ ƻŦ ǘƘƻǎŜ 9±ǎ ǿƘƛŎƘ ŀǊŜ ǇǳǊŎƘŀǎed leading to significant increases in 
peak demand).  Technology alone will not solve this issue. 

Electricity pricing options which apply to the whole of a household will likely be inadequate to 
meet the special challenges of EVs 

However, identifying and transitioning to smarter electricity prices will itself have some challenges: 

¶ Ψ¢ƛƳŜ-of-ǳǎŜΩ ό¢h¦ύ ǇǊƛŎƛƴƎ όŜΦƎΦ ƘŀǾƛƴƎ ŀ ǎƛƳǇƭŜ ǇŜŀƪ κ ƻŦŦ-peak pricing structure based on pre-
set times) might be appropriate for most household electricity demand, but will not deliver good 
long-term outcomes in relation to EV demand.  TOU pricing will likely create new demand spikes 
with a majority of EVs simultaneously charging from the start of the off-peak period.   

²ƘƛƭŜ ǎǳŎƘ ƛǎǎǳŜǎ ǿƻƴΩǘ ƳŀǘǘŜǊ ŦƻǊ ǾŜǊȅ ƭƻǿ-levels of EV uptake, our analysis suggests for EV 
penetrations of 15-20% and above (i.e. approximately 1-in-6 households owning an EV), the 
peak demand arising from everyone following a TOU pricing approach would be greater than if 
ŜǾŜǊȅƻƴŜ ƘŀŘ ŎƻƴǘƛƴǳŜŘ ǘƻ Ŧƻƭƭƻǿ ŀ ΨǇŀǎǎƛǾŜΩ ŎƘŀǊƎƛƴƎ ŀǇǇǊƻŀŎƘ ŀƴŘ ǘƘŜ ǇŜŀƪ ǇŜǊƛƻŘ ǿƛƭƭ ǎƘƛŦǘ ǘƻ 
9pm, from nearer 6pm now.  Aside from not avoiding the need for expensive network 
investment, TOU pricing applied to EV demand could also potentially create network stability 
issues with a very rapid step change in demand occurring at the start of off-peak periods.  This 
rapid step change in demand is not observed with flat rate charging, and will be made much 
worse if vehicle to grid technology becomes mainstream. 

Thus, while TOU pricing may be appropriate for sending efficient signals to consumers for some 
of their electricity decisions, it is potentially a worse solution than flat rate pricing over the long 
term when applied to EV demand given the speŎƛŀƭ ΨǎǘƻǊŀƎŜΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ 9± ŘŜƳŀƴŘΦ 

¶ ΨtŜŀƪ ŘŜƳŀƴŘΩ ǇǊƛŎƛƴƎ ŎƻǳƭŘ ƻǾŜǊŎƻƳŜ ǘƘƛǎ ǇǊƻōƭŜƳ ōȅ ŀŘƧǳǎǘƛƴƎ ǇǊƛŎŜǎ ōŀǎŜŘ ƻƴ ŀŎǘǳŀƭ ŘŜƳŀƴŘ 
conditions. But this may be unsuitable for most residential consumers, due to the lack of pricing 
predictability, and issues around bill shocks, higher winter costs, and the ability of consumers to 
make good decisions in response to such complex pricing approaches.  

In addition, both of the above pricing approaches will likely need to apply to the whole of a 
ƘƻǳǎŜƘƻƭŘΩǎ Ŝlectricity consumption, not just the EV demand.  Changing consumer pricing structures, 
ǿƛƭƭ ƛƴŜǾƛǘŀōƭȅ ƭŜŀŘ ǘƻ ΨǿƛƴƴŜǊǎΩ ŀƴŘ ΨƭƻǎŜǊǎΩΣ ǿƛǘƘ ǎƻƳŜ ƻŦ ǘƘŜ ƭƻǎŜǊǎ ǇƻǘŜƴǘƛŀƭƭȅ ŦŀŎƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ōƛƭƭ 
shocks.  This raises some challenging policy choices: 

¶ On the one hand, having a phased transition to smarter cost-reflective pricing over many years 
may be desirable to avoid many of the poor outcomes from bill shocks for some consumers. 

¶ On the other hand, delaying the transition to smarter cost-reflective pricing, will also delay the 
time when consumers will be fully incentivised to make good vehicle decisions.  This will tend to 
slow the uptake of EVs which, given that vehicles tend to be 20-years old by the time they are 
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scrapped, will lock-in many more high-emissions vehicles over the next few decades than is 
necessary.34 

EV-specific managed-charging pricing will likely be necessary ς but with challenges to implement 

A possible alternative pricing approach to enable the adoption of emerging technologies like EVs, 
wƘƛƭǎǘ ƳƛƴƛƳƛǎƛƴƎ ŎǳǎǘƻƳŜǊ ōƛƭƭ ǎƘƻŎƪ ŀƴŘ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ ŎŀǊōƻƴ ƎƻŀƭǎΣ ƛǎ ΨƳŀƴŀƎŜŘ-
ŎƘŀǊƎƛƴƎΩ ǇǊƛŎƛƴƎ ǿƘƛŎƘ ƻƴƭȅ ŀǇǇƭƛŜǎ ǘƻ ŀ ƘƻǳǎŜƘƻƭŘΩǎ 9± ŘŜƳŀƴŘΦ   

This would involve consumers agreeing to another party (e.g. retailer, load aggregator, or network 
company) managing their EV charging, in return for discounted network and/or energy pricing for 
such managed EV load.  This approach recognises the distinct nature of EV load, with its storage 
characteristics, and would deliver materially better outcomes of smoothed coordinated charging of 
bŜǿ ½ŜŀƭŀƴŘΩǎ 9± ŦƭŜŜǘ ŀƴŘ ƭƻǿŜǊƛƴƎ ǘƘŜ Ŏƻǎǘ ƻŦ 9± ŎƘŀǊƎƛƴƎ ǘƻ ŎƻƴǎǳƳŜǊǎΣ ōǳǘ ƛƴ ŀ ǿŀȅ ǿƘƛŎƘ Ƙŀǎ 
reduced risk of causing bill-shocks for consumers. 

Managed-charging would be similar in some ways to the approaches taken to manage hot water 
cylinders, with consumers being rewarded with cheaper electricity for hot water load being 
managed at times of peak network demand.     

Luckily, the technology coming within EVs and dedicated EV-chargers, and broader internet-based 
communications technology, not only provides the means to enable these smarter ways of charging 
our EV fleet, but to do so in a much more sophisticated way than the relatively crude ripple control 
that is currently used for hot water management.   

Thus vehicle-specific management is feasible, with the ability to recognise a variety of factors ς such 
as how empty different EV batteries are, where along a low-voltage network (of approximately 
50-100 houses) EVs are located, or consumer requirements for when they need to next drive their 
EV ς in order to coordinate which EVs should be charged, and when, in order to meet consumer 
requirements without imposing excessive supply costs. 

However, to take advantage of such technology requires EV-owners to receive price signals or 
rewards which are of sufficient size to encourage them to take-up such managed-charging options. 

It remains to be seen what form such managed-charging pricing options could or should take, or 
whether/how to develop NZ-wide standards and/or mandate open access to the technology to 
deliver EV charging management. 

It also remains to be seen how many EV-owners will be willing to pass control of their charging to 
third parties such as retailers and networks.  We believe these options should be voluntary for 
consumers to choose, and it is possible that many consumers may suffer anxiety that handing over 
control may mean that their vehicle may not be charged when they need it.35 

However, what this study highlights is that, if we are to achieve mass-EV uptake without significant 
electricity supply cost impacts, we will need significant uptake of managed EV-charging pricing 
options. 

A final additional consideration around the development, and extent of consumer uptake, of 
managed-charging options is that if consumers opt not to take up a managed-charging option, we 

                                                           
34 A long transition to cost-reflective pricing will also result in distorted consumer decisions in relation to other 
energy technologies in addition EVs.  In many cases this will also result in poor economic, environmental and 
(in some cases) social outcomes such as the costs from a technology choice being made by one consumer 
ōŜƛƴƎ ΨǎƘƛŦǘŜŘΩ ƻƴǘƻ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎΦ  /ƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ƻǘƘŜǊ ƳŀǘǘŜǊǎ ƛǎ ƻǳǘ ƻŦ ǎŎƻǇŜ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΦ 
35 While these consumer concerns are reasonable, we think well-designed managed charging options should 

ŜƴŀōƭŜ ƎƻƻŘ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ƻǳǘŎƻƳŜǎΣ ǿƛǘƘƻǳǘ ƛƳǇŀŎǘƛƴƎ ƻƴ ŎƻƴǎǳƳŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ƘŀǾŜ ǘƘŜƛǊ ǾŜƘƛŎƭŜǎ 
charged for when they need them. 
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believe they should face any increased electricity supply costs they impose on the system ς rather 
ǘƘŀƴ ŎŀǳǎŜ ǎǳŎƘ Ŏƻǎǘǎ ǘƻ ōŜ ΨǎƘƛŦǘŜŘΩ ƻƴǘƻ ƻǘƘŜǊǎΦ   

This highlights a general issue with current, non-cost-reflective prices: Not only are they causing 
higher electricity supply costs, but with the advent of new technologies such as EVs, solar PV and 
ǎǘŀǘƛŎ ōŀǘǘŜǊƛŜǎΣ ǘƘŜȅ ŀǊŜ ǊŜǎǳƭǘƛƴƎ ƛƴ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ǇǳǊŎƘŀǎŜ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜƛƴƎ ŀōƭŜ ǘƻ ΨǎƘƛŦǘΩ 
thŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ Ŏƻǎǘǎ ǘƘŜȅ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƻƴǘƻ ƻǘƘŜǊ ŎƻƴǎǳƳŜǊǎ ǿƘƻ ŘƻƴΩǘ ƘŀǾŜ 
όǎƻƳŜǘƛƳŜǎ ōŜŎŀǳǎŜ ǘƘŜȅ ŎŀƴΩǘ ŀŦŦƻǊŘύ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

Broadening and deepening the debate 

Addressing all of the above challenges and questions requires coordinated pan-industry effort in 
conjunction with government, regulator(s) and transport authorities. 

Some of this is starting to happen, in particular through the electricity networks association (ENA) 
progressing its network pricing reform initiative, and the Electricity Authority through its various 
market development programmes.  However, to-date, most of this focus has been on pricing options 
that will apply to the whole of a property, rather than the specific challenges of EVs (and other 
storage technologies) whose special characteristics may require specific pricing solutions. 

Further, changes to consumer electricity prices will also require broader community and political 
engagement to help make the inevitable tough choices which carry the risk of bill shocks for some 
consumers in the short-term, but which will help deliver better economic, environmental, and social 
outcomes in the long-term. 

The three network companies who have commissioned this study all strongly support a shift to EVs 
and they hope that this study will be a valuable contribution to this broader public debate. 

All are aware that time is of the essence in terms of putting in place arrangements to facilitate the 
most positive EV outcomes before mass uptake starts to happen, and all believe that pricing and 
managed charging ς be it by a retailer, aggregator, network company or other third party ς is central 
to this debate.  

EVs offer an enormous positive opportunity for New Zealand ς the question is, how do we maximise 
that opportunity? 
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4 Policy issues around public charging infrastructure 

The earlier sections have identified that continuing with current pricing approaches ǿƻƴΩǘ Ƨǳǎǘ lead 
to high system costs from poor EV charging approaches, but will also likely slow the uptake of EVs. 

The other area where electricity system arrangements may significantly affect EV uptake relates to 
public charging infrastructure. 

9ȄǇŜǊƛŜƴŎŜ ŦǊƻƳ ƻǾŜǊǎŜŀǎ Ƙŀǎ ǎƘƻǿƴ ǘƘŀǘ ΨǊŀƴƎŜ ŀƴȄƛŜǘȅΩ (i.e. the concern that an EV will run out of 
battery somewhere where there is no public charging facility nearby) is a considerable factor 
affecting consumers propensity to buy an EV.  Having a wide-spread network of public charging 
stations has been shown to be a significant factor in overcoming such anxiety.  Our analysis in 
Appendix D also suggests this is likely to be a significant factor in incentivising commercial and 
freight uptake of EV technology. 

However, there are some tricky issues to address in relation to the development of such charging 
stations. 

Our provisional analysis indicates that a significant proportion of charging stations will have a very 
low utilisation factor.  i.e. most of the time they will not be used, but when they are used they could 
place significant demands on the system.   

Some of these infrequently-used charging stations may simply be in remote parts of the roading 
ƴŜǘǿƻǊƪΦ  hǘƘŜǊǎ Ƴŀȅ ōŜ ƻƴ ǇŀǊǘǎ ƻŦ ǘƘŜ ǊƻŀŘƛƴƎ ƴŜǘǿƻǊƪ ǿƘƛŎƘ ŦŀŎŜ ƛƴŦǊŜǉǳŜƴǘΣ ōǳǘ ǎŜǾŜǊŜ ΨǎǇƛƪŜǎΩ 
in travel ς e.g. along routes to, or at, major holiday locations.  These can experience major increases 
in demand at the start and finish of public holidays. 

Some of these infrequently-used charging stations may also be in places where there is a relatively 
weak electrical network.  To install public chargers may require significant network investments ς 
either the development of additional wires, or the installation of local batteries or diesel gensets to 
manage the spikes in demand. In this respect it should be noted that charging stations are being 
developed with capacities of 120kW in New Zealand, and overseas they are trialling 350kW, 
chargers. On an individual basis, some of these public charging investments for low-utilisation public 
charges may not appear cost-effective.  However, when considered as part of a broader network of 
ǇǳōƭƛŎ ŎƘŀǊƎƛƴƎΣ ǘƘŜƛǊ ǾŀƭǳŜ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ŀ ƭƻǘ ƎǊŜŀǘŜǊ ƛƴ ǘŜǊƳǎ ƻŦ ƻǾŜǊŎƻƳƛƴƎ ŎƻƴǎǳƳŜǊǎΩ 9± ǊŀƴƎŜ 
ŀƴȄƛŜǘȅΦ  ¢Ƙƛǎ ƛǎ ŀƴŀƭƻƎƻǳǎ ǘƻ ǘƘŜ ǇƻǎƛǘƛǾŜ ŜȄǘŜǊƴŀƭƛǘȅ ƪƴƻǿƴ ŀǎ ΨƴŜǘǿƻǊƪ ŜŦŦŜŎǘǎΩ ƛƴ ŜŎƻƴƻƳƛŎǎΣ 
whereby the value of a product or service increases according to the number of others using it. 

This raises a number of interesting issues: 

¶ Who should plan, and pay for, this public charging infrastructure?36 

¶ How should users of such charging infrastructure be charged ς noting that, while similar 
considerations apply with regards to incentivising users to avoid peak periods as apply to home 
charging, there are other factors to consider, including not driving additional forms of anxiety for 
EV drivers in terms of potentially having to pay penal prices to re-charge their vehicle while on 
the road. 

It is beyond the scope of this report to address such issues.  However, they are raised as an example 
of another issue that will likely require a coordinated approach ς including between network 
companies, electricity-specific regulators, and transport agencies (including the Ministry of 
Transport, and the New Zealand Transport Agency). 

                                                           
36 In New Zealand, there may be a particular dimension in terms of thinking about possible disaster 
management in the immediate (and ongoing) aftermath of a major earthquake, and the need for people who 
wish to leave an area to be able to charge their vehicles. 
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Appendix A. Projections of EV uptake 

This Appendix presents modelling which estimates the potential nature and scale of EV uptake ς 
with such projections forming the basis of the cost-benefit estimates of such uptake. 

Three projections of EV uptake have been developed: 

¶ Projections consistent with the central Ministry of Transport (MoT) projection in its recent 
ǊŜǇƻǊǘ άbŜǿ ½ŜŀƭŀƴŘ ¢ǊŀƴǎǇƻǊǘ hǳǘƭƻƻƪΥ CǳǘǳǊŜ {ǘŀǘŜέ.   

¶ Projections consistent with New Zealand seeking to achieve net-zero greenhouse gas emissions 
by 2050. 

¶ A projection based on the second projection, but which simulates the effect of consumers 
continuing to face the current predominant, non-cost-reflective electricity pricing structure. 

Projection consistent with base Ministry of Transport projection 

The projection developed by Concept for this scenario aims to achieve broadly the same level of 
ǳǇǘŀƪŜ ŀǎ ǇǊƻƧŜŎǘŜŘ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ ¢ǊŀƴǎǇƻǊǘ ƛƴ ƛǘǎ ǊŜŎŜƴǘ ǊŜǇƻǊǘ άNew Zealand Transport 
Outlook: Future StateέΦ  It is understood that this MoT projection reflects current policy settings and 
expected levels of EV cost reduction that will anyway occur.  i.e. the MoT projection recognises that 
EVs are likely to become increasingly cost-effective transport options for New Zealand, irrespective 
of specific climate-related policies. 

Under this projection, which is illustrated in Figure 17 to Figure 20 below, the level of uptake is such 
that Ғ 40% of the overall vehicle fleet is electric by 2040 (with the proportion of the light fleet being 
much higher than for the heavy fleet).  By 2040, almost all light vehicles entering New Zealand will 
be EVs. 

Figure 17: Vehicle numbers by class and engine, based on base MoT projection ς bar chart (,000) 
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Figure 18: Vehicle numbers by class and engine, based on base MoT projection ς line chart (,000) 

 

Figure 19: Vehicle entering NZ by class and engine, based on base MoT projection ς (,000) 
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Figure 20: Projected CO2 emissions by class, based on base MoT projection (ktCO2-e) 

 

Projections consistent with seeking to achieve greenhouse emissions reduction targets 

The New Zealand government has recently re-confirmed its ambition of achieving net-zero37 
emissions by 2050. 

As charts in Box 1 indicate, the scale of current transport emissions are such that achieving this 
ǘŀǊƎŜǘ ƛǎ ƎƻƛƴƎ ǘƻ ǊŜǉǳƛǊŜ ŀ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜŎƻƴƻƳȅ ŀŎǊƻǎǎ Ƴŀƴȅ ǎŜŎǘƻǊǎΦ  DƛǾŜƴ 
the inherent challenges of moving to low-emissions options for many sectors38, our New Zealand 
sectoral emissions models indicate that the transport sector is going to have to deliver some of the 
greatest reductions. 

 

Box 1:  Historical transport emissions as a share of overall NZ GHG emissions 

As the following ǘƘǊŜŜ ŎƘŀǊǘǎ ƛƭƭǳǎǘǊŀǘŜΣ bŜǿ ½ŜŀƭŀƴŘΩǎ ƎǊŜŜƴƘƻǳǎŜ ŜƳƛǎǎƛƻƴǎ ƘŀǾŜ ōŜŜƴ ƎǊƻǿƛƴƎ 
since 1990, with the transport sector being responsible for the majority of the increase in 
emissions between 2000 and 2015. 

                                                           
37 ΨbŜǘΩ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ bŜǿ ½ŜŀƭŀƴŘΩǎ ƎǊƻǎǎ ŜƳƛǎǎƛƻƴǎΣ ƭŜǎǎ ŀny sequestration achieved through re-
forestation. 
38 For example, there are likely to be inherent limits to the reduction in methane and nitrous oxide emissions 
from agriculture ς other than a complete shift away from dairy and meat farming to horticulture and forestry.  
Likewise, many industrial process emissions are an inherent feature of the industrial process giving limited 
options for reduction ς other than shutting down the industrial process (which itself will only reduce global 
emissions if the reduced NZ production is not offset by increased overseas production from a producer with a 
similar, or greater, emissions intensity). 
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