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Abstract—This paper aims to provide a global review of
electric vehicle (EV) developments so as to inform a New Zealand
roadmap for electric vehicle adoption and infrastructure. This
encompasses a discussion of the New Zealand and worldwide
market for EVs, the policy decisions and regulations that influence
the manufacture and adoption of EVs, and the resulting effect
on the environment. It is shown that it is unlikely New Zealand
will be a key driver for electric vehicle development and uptake.
The upfront price of EVs is too high to appeal to the majority
of consumers, and the technology still has significant range and
lifespan limitations that must be addressed. This is likely to limit
any considerable EV uptake until at least 2020. Furthermore,
potential measures to subsidise or reduce EV costs would prove
uneconomical given the size of the New Zealand market and the
price premium commanded by imported vehicles. However, New
Zealand could significantly benefit from an electrified fleet, with
reductions in local air pollution, improved health and reduced
greenhouse gas emissions. It is concluded that while EVs are not
currently a feasible option for many New Zealanders, the government should start planning now to develop the infrastructure
required to support EVs, as well as working towards a greener
energy system.

I.

I NTRODUCTION

Since the development of the internal combustion engine
in 1807 and vehicle mass production in 1908, petrol and
diesel vehicles have become a fundamental part of modern
industrialised living [1], [2]. This is particularly evident in New
Zealand which has the third highest rate of private vehicle
ownership and use per capita in the OECD, with over 2.6
million registered light passenger vehicles, and over 30.75
billion vehicle kilometres travelled (VKT) in 2011 [3], [4]. Yet,
despite their inherent usefulness and importance in daily travel
and work, it is becomingly increasingly evident that the overreliance of the transport sector on fossil fuels poses a number
of key societal and environmental issues for the future [5].
Behind the agricultural sector, transport is the primary
contributor towards greenhouse gas emissions in New Zealand
[5]. Private light passenger vehicles alone are responsible for
an estimated 12 percent of New Zealand’s total greenhouse
gas emissions, corresponding to 9.3 million tonnes of carbon
dioxide equivalent1 annually. This is reflected throughout the
OECD and indeed the world, with the transport sector being
1 Carbon dioxide equivalent (CO e) is a measurement of total greenhouse
2
gas emissions, factoring in the warming potential of other gases relative to
carbon dioxide. Methane (CH4 ) and nitrous oxide (N2 O) are the two other
main greenhouse gases emitted in fuel combustion. A mass of CH4 has 23
times, and N2 O has 296 times, the warming potential of the same quantity of
CO2 . Therefore V (CO2 e) = V (CO2 ) + 23V (CH4 ) + 296V (N2 O) [6].

one of the main global sources for carbon dioxide emissions.
This has implications not only for New Zealand and its
commitments under the Kyoto protocol, but also the nearuniversal issue of global warming [7].
Furthermore, internal combustion engines are also the leading source for many local pollutants, especially in dense urban
areas. This includes carbon monoxide, sulphur and nitrous oxides, hydrocarbons, and particulate matter[8]. Elevated levels
of these substances resulting from traffic pollution may in turn
exacerbate respiratory problems and issues of cardiovascular
disease [9]. Reducing road transport emissions is thus an
important factor in improving the overall health and well-being
of local communities.
At an economic level a reliance on fossil fuels, primarily
derived from unstable regions overseas, has an impact on
national energy security and sustainability. As the majority of
New Zealand’s petroleum products are imported from overseas,
New Zealand businesses and consumers are vulnerable to oil
supply fluctuations and geopolitical issues outside their control
[10]. It also constitutes a significant proportion of local revenue
that is being channelled overseas. By switching to a transport
system that relies on local energy production, it not only
internalises spending on transport and energy supply issues
but could also have the effect of stimulating businesses and
encouraging job growth [11].
These worldwide concerns over global warming, air pollution, and matters of energy security have resulted in increased
interest in, and consequent development of, more fuel efficient
and environmentally friendly vehicles. A key part of this trend
has been the introduction of alternative fuel vehicles that aim
to at least partially reduce the reliance of the transport sector
on fossil fuels. In particular, electric vehicles are touted as one
of the most promising technologies for achieving truly green
transportation [2].
In contrast with traditional petrol and diesel vehicles, EVs
forego the internal combustion engine, instead using electric
motors and high-density battery packs to power the vehicle.
There are three main forms of electric vehicle, ranging from
hybrid electric vehicles (HEVs), through pluggable hybrid
electric vehicles (PHEVs), to battery/full electric vehicles
(BEVs/FEVs/EVs) [12]. HEVs and PHEVs can be viewed as
intermediary technologies that retain the internal combustion
engine and drive alongside a smaller battery and electric drive
motor. The internal combustion engine is then used to drive
the transaxle alongside the electric motor (parallel hybrid) or to
run a generator that powers the electric motor (series hybrid).

II.

M ARKET

Current generation electric vehicles are a disruptive innovation, displacing existing internal combustion vehicles and,
in some countries, other alternative fuel vehicles such as
hydrogen, biodiesel and natural gas vehicles. The rate at which
this diffusion of electric vehicles into the market occurs is
highly variable and ultimately depends on a range of uncertain
factors such as: consumer perception; supporting policy and
regulations; and industry advancements in manufacturing and
technology [14]. Consequently, to investigate the potential market for electric vehicles in New Zealand the current transport
sector is examined, as well as the potential benefits and costs
of operating and running an EV for consumers, and the current
rates of EV adoption globally.
A. New Zealand’s Current Vehicle Market
The current market for light passenger vehicles is well
established in New Zealand and is dominated by petrol and,
to a lesser extent, diesel vehicles [15]. Since the cessation of
local vehicle manufacturing in the 1990s the demand for new
vehicles has been satisfied by both new imports and second
hand ex-overseas vehicles [16]. As shown in Fig. 1 there were
approximately 2.6 million registered light passenger vehicles
in New Zealand as of 2011 [17]. The total number of vehicles
is nearing market saturation following rapid growth up to 2007.
As such, the yearly sales of new vehicles from 2012 onwards
will primarily be due to fleet turnover and population growth
rates [18].
In Fig. 2 the origin of new vehicles entering the market
in New Zealand is shown. It can be seen that of all new car
sales in New Zealand, 55 - 60 percent are second-hand, exoverseas vehicles [19]. The predominance of cheap secondhand vehicles in New Zealand results from the premium paid
for new vehicle imports and New Zealand’s relatively low
purchasing power compared to other countries. In turn, until
cheap second-hand or refurbished electric vehicles are able
to enter New Zealand, it is likely that electric vehicles will
have relatively little appeal for this portion of the market. Any
sales for electric vehicles must instead come from the 60000
- 70000 purchases of new vehicles each year. It is important
to note that even if 100 percent of new vehicle sales were
comprised of electric vehicles, it would take approximately 40
years to replace the entire 2012 fleet. It is also notable that the
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This paper aims to provide a global review of electric vehicle developments in a New Zealand context. This encompasses
the New Zealand and worldwide market for electric vehicles;
the policy decisions and regulations that influence this market,
as well as the manufacturing and transport industries; and the
resulting effect of electric vehicle uptake on the environment
and health. From this it is determined whether or not New
Zealand could act as a driver for EV adoption and policy, and
in turn become a leader in green transportation systems.

current average age of a vehicle in the New Zealand fleet is
13 years, indicative of both a high proportion of ex-overseas
vehicles and a relatively slow vehicle turnover rate [20]. These
factors highlight not only the prevalence of internal combustion
vehicles in modern lives, but the challenges faced by electric
vehicles in achieving any significant share of the market.
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Fig. 1. The number of registered light passenger vehicles currently in New
Zealand. Data from [17].
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As HEVs still consume fossil fuels and cannot be recharged
externally they can essentially be considered as more efficient
internal combustion vehicles, and thus are only referred to in
this report for comparative purposes. Alternatively, PHEVs and
EVs both allow the vehicle to be ’refuelled’ or recharged using
electricity supplied by the national grid [13].
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Fig. 2. The number of sales of new light passenger vehicles in New Zealand
including new imports and ex-overseas/second-hand imports. Data from [19].

B. Electric Vehicle Characteristics
Electric vehicles have a number of key characteristics that
differentiate them from both established internal combustion
vehicles and other competing alternative fuel vehicles. It is
these characteristics, including price, running costs, relative
functionality, safety, complexity, and environmental performance that define the consumer appeal and subsequent rate
of market adoption. At a more general level Everett Rogers’
theory of Diffusion of Innovations’ defines five key characteristics that influence consumers’ adoption of a new technology
[21]. This includes:
1)
2)
3)

The advantages of the technology relative to existing
alternatives.
The complexity of the technology and how difficult
it is to use.
The compatibility of the technology with existing
behaviours and lifestyles.

4)
5)

The ease with which a potential adopter can test and
try out the technology.
The visibility and awareness of the technology when
others have adopted it.

Each of these factors must be evaluated in relation to petrol,
diesel and hybrid vehicles for conclusions to be drawn in
relation to consumer’s perception and subsequent adoption of
EVs.
Subsequently, Table I highlights the main characteristics of
electric vehicles on sale around the world 2 . As with traditional
internal combustion vehicles there are a range of electric
vehicles with specific performance and price characteristics
tailored to different segments of the market. Smaller EVs
such as the Smart EV-II have the lowest cost but also the
lowest capacity, performance and range. They are intended for
short trips and often as a secondary vehicle, with the main
market being in urban European centres. The midrange 5-door
hatchback vehicles such as the Nissan Leaf and Mitsubishi iMiEV are expected to comprise the majority of the electric
vehicle market, offering mid-range performance features and
capacity similar to standard vehicles. Finally, the luxury range
of EVs such as the Fisker Karma and Tesla Model S are
intended for consumers who desire range and performance
capabilities equal to or greater than existing vehicles, and who
are willing to pay a considerable premium for it [31].
However, despite these differences all electric vehicles
share some key characteristics. The key advantages of any
EV are the elimination of local tailpipe emissions, lower
running costs from using electricity instead of fossil fuels
and decreased maintenance costs [32]. However, this comes at
the cost of a much higher purchase price, reduced range, and
longer refuelling times due to battery recharging. Alternatively,
PHEVs compromise the reduction in emissions and higher
battery efficiency for range, driving performance and lower
prices. All of these factors conflate to form a consumer’s
perception of alternative fuel vehicles, and in turn influence
their decision to buy one.
C. Consumer Perception and Preferences
The likelihood of a consumer purchasing an EV when
looking to buy a new car depends on their perception of
EVs and their preference for buying one form of car over
another. A number of consumer surveys pertaining to EVs have
been conducted by research institutes, vehicle manufacturers,
consultancy firms and government agencies, in preparation for
the introduction of electric vehicles and as part of EV pilot
projects.
Deloitte conducted a survey in 2010 of almost 2000 current
vehicle owners in the United States. When questioned about
the key factor that would deter them from purchasing an
EV over a standard internal combustion vehicle, 32 percent
indicated the higher price of EVs as the key deterrent, 22
percent the limited range of the car and 12 percent did not
want to ’downsize’ to an EV. For vehicles in general 69
2 Note that the prices quoted in $USD are only accurate for the American
market, and correspond to the recommended retail price of the respective
vehicle before subsidies. Where prices are not stated the vehicles are currently
only available under lease schemes.

percent identified the purchase price as the key cost influencing their decision to purchase a vehicle as opposed to 31
percent who were more concerned about fuel costs and running/maintenance costs. This suggests that for electric vehicles
to achieve any significant market share the upfront cost must
decrease significantly. For instance, 73 percent of consumers
expected EVs to be between USD$8000 and USD$35000 [33].
The report also highlighted a key disparity between the
actual performance the respondents required of their vehicles,
and what they expected. For example, while 85 percent of those
surveyed stated that they travelled less than 100 miles per day,
almost 70 percent expected a driving range of 300 miles before
they would consider purchasing an EV. This indicates that EV
technology and in particular battery capacity must increase
significantly or that improved consumer education about EVs
and driving habits is required. Furthermore, increased charging
infrastructure and publicly accessible fast-charge or battery
swap stations may also alleviate range anxiety. This is further
emphasised by the fact that 54 percent of those surveyed would
not contemplate purchasing an EV until charging infrastructure
was widely available [33].
In the first quarter of 2011, PricewaterhouseCoopers carried
out the ’Charging Forward Survey’ in which over 200 participants involved in the EV space in the United States of America
were surveyed. This encompassed vehicle and component
manufacturers, government departments, electricity retailers,
finance companies and educational institutes. In regards to
consumer preference, 68.8 percent of those surveyed stated
that hybrid and plug-in hybrid electric vehicles would be the
preferred option for consumers interested in alternative fuel
vehicles, in the short term. 51.4 percent identified the inferior
range of EVs and their higher cost as the key factors limiting
vehicle uptake. For consumers to adopt EVs in higher numbers,
48.2 percent believed that consumers would be willing to pay
a premium of up to USD$5000 for an EV (similar to the
premium commanded by HEVs). By way of comparison, the
average EV in the United States currently costs $15000 more
than a similarly sized petrol vehicle. The main motivating
factors for the purchase of an EV were savings in running
costs (identified by 41.6 percent as the key incentive) and the
positive environmental effects (32.2 percent) [34].
Another study conducted by Deloitte at the start of 2011
found that similar trends persisted among consumers worldwide. Over 13,000 consumers across 17 countries were surveyed, including Australia, Canada, the United Kingdom,
France, Japan and China. It was concluded that due to the
disparity between consumer’s expectations and actual vehicle
price, range and charging time only 2 to 4 percent of consumers would actually have their expectations met and thus
consider being an early-adopter. In general the majority of
consumers wanted an electric vehicle that could travel over
300 km between charges, have a charging time of less than
2 hours and a price equal to or less than a comparable petrol
vehicle. For example 69 percent of respondents in Australia,
66 percent in Canada, 67 percent in Japan and 71 percent in
the U.K. would only be willing to pay the same price or less
for an EV as for a petrol vehicle. This indicates that despite
considerable consumer interest in EVs, vehicle manufacturers
and governments face significant challenges in encouraging
consumer uptake in the short term [35].

TABLE I.
Model

Year

C OMPARISON OF EV AND PHEV C HARACTERISTICS
Type

Body

Battery

Electric Range

Efficiency

(kW)

(kWh)

(km)

(kWh/km)

Price
($)

Mitsubishi i-MiEV [22]

2012-2013

EV

5-door hatchback

47

16

100-160

0.168

(NZD) 59,990

Nissan Leaf [23]

2012

EV

5-door hatchback

80

24

115-175

0.189

(NZD) 69,600

Smart Fortwo Electric Drive [24]

2013

EV

2-door coupe

35

17.6

140

0.151

Toyota RAV4 EV [25]

2012

EV

4-door SUV

115

35 (ext.)

165

0.27

(USD) 49,800

Tesla Model S (40kWh) [26]

2010-2012

EV

4-door fastback

175

40

260

0.24

(USD) 59,900

BMW ActiveE [27]

2012

EV

2-door coupe

125

32

160

0.14

-

Chevrolet Volt [28]

2013

PHEV

5-door hatchback

111

16.5

60

3

0.22

(USD) 39,000

Toyota Prius Plug-in Hybrid [29]

2013

PHEV

5-door hatchback

60

4.4

20

3

0.27

(USD) 32,000

Fisker Karma [30]

2012

PHEV

4-door sedan

210

20.1

80

3

0.40

(USD) 102,000

D. Cost-Benefit Analysis
While the environmental benefits and specific performance
characteristics proffered by electric vehicles are important
advantages, they are not the main determinant for consumers
when purchasing a vehicle. Instead, as identified by consumer
surveys, EVs must compete with ICEs, HEVs and alternative
fuel vehicles on the basis of upfront price and overall running
costs. This means that although there will always be innovators and early adopters willing to pay a premium for new
technology, for electric vehicles to become established in the
market they must meet more mainstream expectations for cost.
This can be examined by comparing the cumulative and yearly
running costs for a number of different vehicle technologies,
including:
•
•
•
•
•

Motor

New petrol vehicles
Ex-overseas petrol vehicles
New diesel vehicles
Hybrid vehicles
Electric vehicles

For each of these vehicle categories the purchase price, fuel
costs, operational costs and overall cost profile are analysed.
1) Purchase Price: The purchase price of a vehicle is
defined as the upfront price that a consumer would pay when
purchasing the vehicle from a retailer in New Zealand in
2012. Table II shows the five main categories of vehicle
considered, as well as the two best selling models in 2011
for each category and the average price across vehicles in
that range4 . As expected the relatively newer electric and
hybrid technologies command a significant premium over the
more well-established petrol vehicles. However, it should be
noted that some hybrid vehicles such as the Toyota Prius C
($30,990 - $34,990 retail) are starting to reach price parity
with newer petrol vehicles like the Toyota Corolla GX Hatch
2013 ($34,490 - $35,990) [37].

TABLE II.

-

C OMPARISON OF V EHICLE P URCHASES P RICES (2012)

Type

Best-selling Models

Price ($NZD)

Petrol - New

Toyota Corolla GX (2013)

$30,000

Suzuki Swift GLX (2013)
Petrol - Old

Toyota Corolla (2005)

$12,000

Suzuki Swift (2005)
Diesel

Ford Mondeo (2012)

$35,000

Kia Rio (2012)
Hybrid

Toyota Prius (2013)

$40,000

Toyota Prius C (2012)
Electric

Mitsubishi i-MiEV (2012)

$60,000

Nissan Leaf (2012)

motivating factor for the transition to electric vehicle technology. The fuel cost is a function of the fuel unit price,
and the efficiency of the vehicle (the average number of units
consumed per kilometre). The average fuel cost for each of the
vehicle types over a year is subsequently given by (1), where
D is a constant representing the average distance travelled per
year, η is the fuel efficiency of each vehicle type, and pu
is the unit price of fuel for a given year t ($NZD/litre or
$NZD/kWh). Note that the average distance travelled by light
passenger vehicles in New Zealand is an estimated 12200 km,
with this figure being used for all subsequent calculations [4].
cf (t) = D × ηf × pu (t)

(1)

The corresponding fuel efficiency and price parameters for
each of the vehicle types outlined in Table II are given in
Table III for 2012. Given that the average fleet vehicle in New
Zealand has a fuel efficiency of 0.084 L/km, an EV would
save approximately $1500 each year. Assuming that the EV
was charged on overnight tariff rates of 10-15 cents/kWh, this
could rise as high as $1800.

2) Fuel Costs: The average fuel cost per kilometre,
whether for petrol, diesel or electricity, is a key determinant
of the yearly running cost of a vehicle. Indeed, uncertainty
surrounding oil prices and the fear of price peaks is a major

To calculate the cumulative cost of a vehicle over a number
of years it is important to know both the current fuel price and
its predicted behaviour in the future. In regards to this Fig. 3
and Fig. 4 show the average yearly prices of petroleum fuels
and electricity per unit in New Zealand since 1980 [38].

3 Note that this only refers to the electric range of the vehicles. The full
ICE range is similar to that of a standard petrol vehicle.
4 Vehicle popularity was determined based on the number of new model
registrations recorded by the NZTA in 2012 [19]. Vehicle prices were averaged
across similar models based on pricing data from [36], [37].

From these graphs future price trends can be predicted
based on linear forecast models and estimates previously
developed by the Ministry of Economic Development and the
Auckland Regional Council [39], [40]. The resulting unit price

C OMPARISON OF V EHICLE F UEL E FFICIENCY AND C OSTS
ηf (avg)

pu (2012)

cf (2012)

units/km

$NZD/unit

$NZD

Petrol - New

0.074

2.129

1923

Petrol - Old

0.088

2.129

2286

Diesel

0.056

1.519

1038

Hybrid

0.039

2.129

1013

Electric

0.190

0.277

643

Type

350

300
Forecasted Fuel Price (c/L)

TABLE III.

250
200
150
Petrol - High

100

Petrol - Low
Diesel - High

50

Diesel - Low

forecasts for petroleum products and electricity are given in
Fig. 5 and Fig. 6.
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3) Operational Costs: The operational costs of a vehicle
are defined as all costs, excluding fuel, that are paid on a
regular basis for the upkeep of the vehicle. This includes:

Fig. 5. Estimate of maximum and minimum petrol and diesel prices between
2012 and 2030 [39], [40].
40

•
•
•
•
•
•
•
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2012 and 2030 [39], [40].
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Fig. 3.
The average yearly price of petrol and diesel at the pump for
consumers in New Zealand since 1980 . Data from [38].

Each of these costs varies based on the type of vehicle and,
in the case of maintenance costs, how much the vehicle has
been driven [32]. Subsequently, all operational costs are treated
as constants based on 2012 rates except for maintenance costs
which increase linearly with the age of the vehicle. These costs
are summarised for the different vehicle types in Table IV [41],
[42].
TABLE IV.

Average Electricity Unit Price (c/kWh)

30

25

20

C OMPARISON OF V EHICLE O PERATIONAL C OSTS

Type

Relic.

RUC

Insur.

WOF

Oil

Tyres

Maintenance

Petrol

288

0

890

46

70

267

500 - 700

Diesel

418

620

910

46

58

321

600 - 700

Electric

410

0

890

46

0

267

300 - 400

4) Vehicle Cost Profile: Given the purchase price, fuel cost
and other annual operating costs for a vehicle, its overall cost
efficiency can be evaluated. To determine the amount of time it
takes to pay off an electric vehicle relative to the other vehicles
the cumulative cost can be analysed. This is given by the initial
purchase price plus the sum of the yearly costs since purchase,
as shown in (2).
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cc (t) = Cp + cf (t) + Co + m(t)
Fig. 4. The average yearly price of electricity per unit for households in
New Zealand since 1980 . Data from [38].

(2)

Cp is the purchase cost of a given vehicle v, cf (t) is the

120000

annual fuel cost given by (1), Co is the sum of the constant
operational costs and m(t) is the approximate maintenance
cost of the vehicle given by:
mf − mi
(t)
T

(3)

mi and mf are the initial and final maintenance costs
respectively over the lifespan of the vehicle, T .
Subsequently the cumulative costs of an average petrol,
diesel, hybrid and electric vehicle can be calculated for a
period of 10 years (the manufacturer-stated lifespan of an
electric vehicle). The calculation is carried out using the high
price estimates for fuel shown in Fig. 5 and Fig. 6 in which
an EV owner might be expected to benefit the most from
lower fuel costs. However, as can be seen from Fig. 7, due to
the substantial purchase price difference between an electric
and petrol vehicle, it is unlikely an electric vehicle will be
able to pay back its upfront costs during its lifespan. In
the short term, second-hand petrol vehicles with a purchase
price of approximately $10,000 will continue to be the most
economical option for many consumers. Alternatively hybrid
electric vehicles are the most cost effective option in the
medium term, having a higher fuel efficiency than a standard
new diesel or petrol car and near equivalent purchase price.
120000
Electric Vehicle
Petrol Vehicle
Diesel Vehicle
Hybrid Vehicle

Cumulative Cost ($NZD)

100000

80000

100000

Cumulative Cost ($NZD)

m(t) = mi +

EV $0.00
EV $0.10
PV $2.13 - 3.00
PV $2.13 - 4.00
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Fig. 8. The cumulative cost of owning a petrol and electric vehicle assuming
EV recharging is carried out off-peak and remains constant at $0.00 or $0.10
respectively between 2012 and 2027, and that petrol prices rise to $3.00 or
$4.00 over the same 15 years.

battery technology and low production volumes. Due to the
considerable price gap between electric vehicles and new and
ex-overseas petrol vehicles, New Zealand’s adoption of electric
vehicles is likely to remain marginal in the short- to mediumterm until external factors drive the price down. While the
yearly running costs of electric vehicles are significantly lower
than petrol, diesel and hybrid vehicles, it is insufficient to
offset the high purchase price. Instead the initial market for
environmentally friendly vehicles is likely to be satisfied by
hybrid vehicles with high fuel economy ratings and price levels
near those of traditional petrol and diesel vehicles.
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Fig. 7. The cumulative cost of owning a petrol, diesel, hybrid and electric
vehicle over 15 years assuming an initial purchase in 2012.

The cumulative cost for electric vehicles will improve if
an electricity tariff scheme is in place. As is the case in New
Zealand, consumers often pay a lower rate for electricity use
during off-peak periods such as the late evening and early
morning. If it is assumed that the majority of charging is
carried out at home during the evening, then the price could
drop as low as NZD$0.10 per kWh. However, from Fig. 8 it
can be seen that even if an EV was never charged for electricity
use and petrol rose to a high of $4.00 per litre it would still
take over 10 years to reach price parity. This indicates that
without significant price reductions by manufacturers or price
intervention by the government, electric vehicles will continue
to be uneconomical for consumers.
In summary, the key factor currently limiting the uptake
of electric vehicles worldwide is their cost, driven by new

P OLICY AND R EGULATION

A number of options are available to governments looking
to encourage the market adoption of electric vehicles from
consumer education and parking benefits, to loan and rental
schemes and direct price subsidies. In countries such as
the United States of America and Japan with large vehicle
manufacturing plants, government incentives and policies are
two-fold: firstly encouraging increased supply and decreased
production costs of EVs by providing research grants and
flexible business loans, and secondly encouraging consumer
demand through price, tax, and usage incentives.
As outlined by Kley et al. in [43], each of the government
measures available for supporting the market adoption of alternative fuel vehicles can be divided into four broad categories:
1)
2)
3)
4)

Economic
Suasive
Regulatory
Organisational

In turn each of these measures can be evaluated in terms
of the effectiveness with which the target market goals are
achieved, the cost efficiency of implementing the measures
relative to the goals, the feasibility and practicability of implementing the new measures, and the acceptance of the measure
and its associated costs at a political level.

A. Economic Measures
Economic measures involve direct intervention by the government in the market on the supply-side and/or on the demand
side. For the supply-side, governments aim to increase the
total number of electric vehicles being manufactured, as well
as improving technology and reducing manufacturing costs
per vehicle. This encompasses loan incentives and grants to
carry out new research and invest in new technology, as well
as minimum quotas for electric vehicles or maximum quotas
for inefficient vehicles. Such measures are only available to
governments that have a local vehicle manufacturing industry,
although they can also be applied to vehicle importers.
Alternatively, on the demand-side economic measures focus on reducing the price difference between electric vehicles
and normal internal combustion vehicles. This includes subsidies provided for the purchase of new electric vehicles, a
reduction in the sales tax charged for the vehicle, a reduction
in annual taxes or charges levied on the vehicle, and scrappage
schemes that fund vehicle exchange programs. Alternatively,
rather than incentivising electric vehicles, other schemes provide disincentives for buying on using inefficient internal
combustion vehicles. This comprises increased taxation on
petrol and diesel, congestion charges, and bonus/malus or
’feebate’ schemes that increase taxes on vehicles that emit
more carbon dioxide and then reduce taxes on vehicles that
emit less carbon dioxide [43].
1) Sales Tax Reduction and Subsidies: As discussed in
the section on the electric vehicle market, the major barrier
to widespread electric vehicle adoption is their significantly
higher price. By reducing registration taxes, value added taxes
(VAT) and other vehicle taxes at the point of purchase the
price of an electric vehicle can be significantly lowered. This
is generally most beneficial in countries with high vehicle
tax rates such as Norway, where exemption from the tax
leads to much closer prices between electric vehicles and
standard internal combustion vehicles [44]. Studies have indicated that consumers prefer direct tax-based reductions in
the sales price of a vehicle as opposed to a deferred income
tax reimbursement. Indeed, in earlier studies on hybrid electric
vehicles, direct sales price reductions had almost twice the
effect of deferred tax benefits in encouraging vehicle uptake
[45]. Currently over half of the countries in the European
Union have some form of sales tax incentive for the purchase
of EVs [43].

For example, in France a tax-deduction of USD $6500 is
granted for all new light passenger vehicles with emissions
below 60 gCO2e/km [48]. This has the advantage of not only
encouraging a greater uptake of electric vehicles, but also
ensuring that there is a gradual market trend towards more
fuel efficient vehicles. Historically bonus-malus schemes have
a good record of decreasing average fleet emission levels,
although the additional administrative overhead, monitoring
and regulatory requirements can make governments reluctant
to adopt such schemes [49].
Although bonus/malus schemes will offset some of the
costs of lowered tax revenue from fuel efficient vehicles by
raising it in other areas, there is usually a net loss resulting
from a higher share of tax deductions. To mitigate the losses
from tax- and price-based incentive schemes, most governments have typically placed an upper cap on the number of
eligible vehicles. The aim then becomes to reach a critical
mass of electric vehicles in the population such that the general
population is more aware of, and thus more inclined to buy,
electric vehicles once the incentives expire [49], [50], [51].
Concern has also been raised over the socioeconomic parity
of any such bonus/malus schemes. The schemes can often
inadvertently punish low income households who can only
afford less efficient second-hand cars, and conversely benefit
wealthier individuals most capable of purchasing hybrid and
electric vehicles. To prevent this from occurring support must
be supplied to lower income households to alleviate the costs
of the increased tax burdens, or make vehicles with higher fuel
efficiency more affordable for them [43].
3) Scrappage Schemes: Scrappage schemes provide a direct subsidy towards the price of a new electric vehicle conditioned on the consumer trading in their older, less efficient
vehicles for scrap. Scrapping old vehicles has the benefit of
partially funding the subsidies for the new electric vehicles, as
well as ensuring that there are fewer inefficient vehicles on the
road. This in turn increases the renewal rate of the fleet. At
an economic level it will also stimulate the purchase of new
vehicles and thus potentially boost the vehicle manufacturing
and sales industries. However, scrapping a large number of
vehicles may also have undesirable secondary environmental
effects if recycled or placed in landfills [52], [43], [53].

In the case of subsidies, the consumer is paid a specific
amount, conditioned on their purchase of a certain car. While
there is generally higher support by consumers for direct
subsidies as opposed to tax reductions, governments generally
favour tax reductions due to the lower administrative overheads
and costs [46]. Currently EV subsidies are generally only
being implemented in countries with strong EV policies and
large vehicle manufacturing sectors such as France, the United
Kingdom and the U.S.A [47].

While scrappage schemes have previously been implemented in a number of countries such as the United Kingdom,
the United States, Canada, Austria and France, these schemes
were not specifically intended for electric vehicles. Such
schemes have relatively high running costs that usually mean
they are only run for a limited period of time or up to a
budgeted cap, thereby limiting their long term effectiveness
[54]. In addition, the cost effectiveness of the schemes is
questionable given the relatively high price that must be offered
per vehicle, and the fact that many vehicles scrapped are not
frequently driven or would have been retired regardless of the
program [55].

2) Bonus/malus Systems: In countries such as Austria and
France a bonus/malus or tax-deduction/tax-penalty scheme
is used to incentivise the purchase of more fuel efficient
vehicles. A higher level of tax is paid on all vehicles above a
certain emission threshold, which in turn is used to fund tax
cuts for vehicles that meet the required emissions standards.

4) Annual Tax and Cost Reductions: Instead of directly
targeting the initial, upfront price of an electric vehicle, governments may try to make them more attractive by reducing
the cost of yearly taxes and fees. Studies have indicated that
sales of HEVs increased relative to more polluting cars when
annual taxes were waived. In fact, the decision for purchasing

an HEV was shown to depend more on lowered operating costs
as opposed to direct price reductions. However, this situation
generally only holds true for vehicles that are in a similar price
range [43]. As such, in the case of electric vehicles, consumers
still generally consider the upfront price as the key determining
factor in purchase. This means that while a reduction in
annual costs will accelerate EV adoption in the long-term as
they reach near-price parity with internal combustion vehicles,
during the early stages of market adoption it is likely to have
little effect [56].
5) Fuel Taxation: Increasing fuel prices are a key motivating factor in the purchase of vehicles with higher fuel economy
ratings. Historically, increasing fuel prices have corresponded
with higher efficient vehicle sales [43]. For example, in New
Zealand the peaking of petrol prices around 2008 led to
significantly higher sales of hybrid vehicles and new, more
fuel efficient vehicles [57]. However, moves by governments
to increase fuel economy by raising petrol prices are generally politically and socially unpopular. Such measures often
disproportionately affect lower income houses with less fuel
efficient vehicles who cannot afford to upgrade their vehicles
or pay increased tax rates. In addition, fuel taxation often has
run on costs for other industries and sectors, disadvantaging
businesses which then pass the costs onto consumers [58], [59],
[60].
B. Suasive Measures
Suasive measures pertain to the use of informational
sources to encourage consumers to purchase electric vehicles,
as well as the formation of standards and guidelines to inform
manufacturers. So as to help consumers choose more efficient
vehicles the majority of countries in the OECD, including New
Zealand, have introduced special labelling and/or advertising
and informational campaigns to inform consumers about the
importance of fuel efficiency and the potential cost savings.
These measures are often used in conjunction with other economic and organisational measures to ensure that consumers
are aware of any additional benefits of purchasing an electric
vehicle [43].
C. Regulatory Measures
Regulatory measures cover mandatory emission targets for
all new vehicles manufactured by OEMs as well as legislation
defining vehicle standards and required production methods
[43]. For example, in the U.S.A the Corporate Average Fuel
Economy (CAFE) regulations specify the average level of fuel
economy that all vehicles produced by manufacturers must
meet. This means that if an OEM produces large number
of inefficient vehicles, then by law they are also required to
produce sufficient numbers of more efficient vehicles so as
to meet the average fuel economy level. Failure to meet this
standard results in fines levied across all vehicles produced.
This is currently set at USD$55 per vehicle for each mile per
gallon below the required level [61].
A key disadvantage of regulatory measures is that it can
lead to OEMs compromising other features of the vehicles to
meet emission targets. For example, a simple and cost effective
method to increase fuel economy and decrease net emissions
is to reduce the overall weight of the vehicle by using lighter

materials. However, this can in turn have implications for the
safety standard of the vehicle. There is also the problem that if
fines levied against non-compliant companies are too low then
it may be cheaper for the OEM to pay the fine as opposed to
implementing new technologies or manufacturing processes.
This in turn leads to a decrease in the overall effectiveness of
the measures [62], [61].
Consumer surveys have also indicated that while emission
regulations lead to improved fuel efficiency across the fleet,
this does not necessarily correlate to increased sales of EVs.
Indeed it was found that in countries like the United States
and China, reaching an average fuel efficiency of 50 mpg
(4.7 litres/100 km) for new vehicles would lead to 57 percent
and 68 percent of consumers respectively being less likely to
consider an EV. This suggests that there might be reluctance
among vehicle manufacturers to invest large amounts in EV
technology alongside improved fuel efficiency technology [35].
In addition, as recommended by the International Energy
Agency, governments may benefit more in the short term by
encouraging increased fuel economy as opposed to specific
new technologies such as electric vehicles [63].
D. Organisational Measures
Organisational measures consist of policies involving local
governing and supervisory bodies. This includes the development of local-charging infrastructure and the introduction
of usage incentives for electric vehicles. These efforts to
encourage consumer interest in electric vehicles include a
range of secondary benefits that make the vehicle cheaper and
easier to run. For example, some countries such as Canada have
a green license plate or sticker that provides access to highoccupancy vehicle (HOV) lanes and dedicated free electric
vehicle parking. In practice while these incentives are easy
and relatively inexpensive to implement, research suggests
that they have little real impact on the initial motivation to
purchase an electric vehicle. However, once an individual has
purchased an EV the measures can lead to more frequent
usage of the vehicle, which can stimulate public interest in,
and awareness of, electric vehicles . It should also be noted
that many organisational measures such as waiving congestion
charges and providing HOV lane access are not viable in the
long-run as the number of EVs increases [43].
E. Electric Vehicle Incentives Globally
Around the world countries have introduced, or are planning to introduce, some of the electric vehicle incentives
outlined above. Table V gives an overview of these measures
for the 34 countries in the OECD as well as 6 other major
vehicle markets. It can consequently be seen that there are
large differences between the amount different countries are
spending on electric vehicle incentives, and the form that
these incentives take. In general, however, countries with
large vehicle manufacturing industries have proportionately
higher spending on electric vehicle measures and are more
likely to provide direct price cuts in the form of subsidies
or decreased sales tax. Electric vehicle incentives are also
more prevalent in countries with high emissions standards
and strong sustainability roadmaps. This is evident across
many European countries which are required to meet the tight

TABLE V.
Country
Argentina
Australia

Austria

Belgium

Brazil
Canada

Chile
China
Czech
Republic
Denmark

Estonia
Finland

France

Germany
Greece
Hungary
Iceland

C OMPARISON OF NATIONAL EV M EASURES
Policies, Legislation and Incentives
No EV specific incentive measures
Reduced luxury car tax for EVs (higher tax threshold)
Exemption from vehicle stamp duty (Australian Capital
Territory)
AU$100 reduction in annual registration fee (Victoria) [64],
[65]
Exemption from Normverbrauchsabgabe (NoVA) tax
Exemption from motor-based insurance tax
10-20 percent reduction in EV insurance cost by insurers
Bonus/malus tax on new vehicle emissions [48], [66], [67]
120 percent tax deductibility of zero-emission vehicles for
businesses
Income tax reduction for EV purchase equal to 30% of
purchase price (up to e 9,510) [48], [66]
No EV specific incentive measures
Quebec
Point-of-sale rebate up to USD$8000 for new PHEV/EV
50 percent subsidy of 240V residential charging station up
to USD$1000
Green license plate for access to EV only parking
Changes to building code to require wiring for 240V charging station
Ontario
Purchase subsidy ranging from USD$5000 to $8500 depending on EV battery size
Green license plate for use of High Occupancy Vehicle
(HOV) lanes and future dedicated charging/parking facilities
Saskatchewan
20 percent rebate on insurance premiums and registration
fees
British Columbia
USD$5000 off sticker price of BEV/FCEV/PHEV/CNG
Rebate up to USD$500 for residential charging station
Requirement for all new single-family homes to have dedicated plug outlets for EVs
Requirement for 20 percent of all parking spots in new multiunit buildings to have charging infrastructure for EVs [47],
[68]
No EV specific incentive measures
EV subsidies for 5 selected cities for private EVs up to
USD$7900 and for private PHEVs up to USD$9500 [47]
EVs and hybrids used for business exempt from road tax
[48], [69]
USD$39 million for EV demonstration projects from 2010
2013
EV/FCEV below 2000 kg exempt from registration tax and
annual tax
Annual tax based on energy consumption and CO2 emissions [70], [48]
No EV specific incentive measures
Emission-based purchasing tax
Subsidy on EVs up to 30 percent of vehicle value
Free charging at public stations [66]
Bonus-malus system for newly purchased vehicles based on
tailpipe emissions
Bonus of e 5,000 for light vehicles with emissions below
60 gCO2/km
Lower insurance rates for EVs offered by some insurers
50 percent subsidies for local governments to install local
charging infrastructure
Setting aside a quota of parking areas for EVs and charging
spots
Builders required to install charging points at multi-unit
residences if requested by inhabitants
Local governments required to install charging points at
public carparks [47], [71], [72], [73]
EV owners exempt from motor vehicle tax (5 year span)
Focus on funding research with no additional incentives [74]
Exemption for EVs from registration tax, special consumption tax and circulation taxes [74]
No EV specific incentive measures
No EV specific incentive measures

Country
India

Policies, Legislation and Incentives
20 percent subsidy on the ex-factory price of an EV, up to
Rs100,000
Exemption from road tax and/or VAT in specific regions [69]
Ireland
Grant support for purchasing an EV (up to e 5,000) or a
PHEV (up to e 2,500)
Complete exemption for EVs from Vehicle Registration Tax,
and partial exemption for PHEVs (up to e 2,500)
Accelerated Capital Allowances for company EV purchase
[74], [69]
Israel
Reduction in tax on EVs equivalent to USD$1600-2600
Italy
EVs exempt from ownership tax or circulation tax (5 year
span from registration) [69]
Japan
Suspension of acquisition and tonnage taxes until 2015
(USD$1347)
Purchase subsidies for a mini-vehicle (USD$602) and for
standard vehicles (USD$1205) when replacing an older
vehicle
Purchase subsidies for a mini-vehicle (USD$1506) and for
standard vehicles (USD$3012) when not replacing an older
vehicle [47]
Luxembourg Subsidy of USD$4200 for EVs emitting below 60 gCO2/km
[66]
Mexico
No EV specific incentive measures
Netherlands EVs/FCEVs exempt from registration tax and yearly road
tax
Leased EVs/PHEVs exempt from standard 25 percent tariff
Rebate of up to e 5,000 available for businesses purchasing
EVs [66]
New
Road User Charges (RUC) waived on electric vehicles until
Zealand
2013
Norway
Exemption from sales tax
Exemption from annual road tax
Exemption from parking fees and toll payments
Access to bus lanes and priority parking [47], [69]
Poland
Informational EV campaign in Kracow
Free HEV/EV parking in specific zones
Access for EVs to bus lanes and limited traffic zones
No tax incentives or subsidies planned [48]
Portugal
EVs exempt from vehicle acquisition and circulation taxes
Tax deduction for corporate fleets with EVs
Installation of EV chargers in parking areas of new buildings
is mandatory
EVs given access to priority lanes and specific circulation
areas
Preferential city parking
State and municipal fleets renewed annually with 20 percent
EVs [47], [66]
Russia
No EV specific incentive measures
Slovakia
No EV specific incentive measures
Slovenia
No EV specific incentive measures
South
No EV specific incentive measures
Africa
South
Exemption from vehicle taxes up to USD$3600
Korea
5 percent reduction in special consumption tax
7 percent reduction in acquisition tax
Discount up to 20 percent on EV bond purchases
50 percent subsidy on EV price for government organisations up to USD$20000
Public organisations required to purchase 50 percent EV
vehicles when renewing fleet [47]
Spain
15-20 percent subsidy on the market price of a vehicle (up
to USD$6600 - USD$9300) [69]
Sweden
85 percent of all cars purchased/leased by public authorities
must be eco-vehicles
Eco-vehicles exempt from annual vehicle tax averaging
USD$200 (5 years)
Rebate of approximately USD$5700 for vehicles with emissions below 50 g CO2/km
EVs/PHEVs exempt from congestion charges [47]
Switzerland Reduction or exemption from vehicle taxes based on emission levels [47]
Turkey
Vehicle sales tax reduction for EVs (excluding
HEVs/PHEVs) [47]

Country
United
Kingdom

United
States

Policies, Legislation and Incentives
Plug-in car grant providing 25 percent off electric car price
up to USD$7800
Plug-in van grant providing 20 percent off electric van price
up to USD$12500
Exemption from Vehicle Excise Duty (assuming tailpipe
emission below 100 g CO2/km)
Exemption from Company Car Tax for employees and
employers
Exemption from Van Benefit Charger for employees and
employers
Exemption from Fuel Benefit Charge
Congestion charge waived for EVs
Local exemption/charge reduction for parking [47]
Tax credits for EV purchase up to USD$2500 - USD$7500
based on battery capacity
Tax credits for EV conversion kits up to USD$4000
Access to high occupancy vehicle lanes, priority parking and
registration for specific states
Emission-based benefits for specific states
Tax rebates and grants for specific states
Purchase incentives for specific states [47]

emission reduction targets specified by the European Union
[47].
Ultimately, Table V highlights the fact that the policies,
regulations and incentive measures that a country adopts are
highly specific to that country’s circumstances. So while some
countries can afford to invest heavily in charging infrastructure
and price subsidies, others must rely on industry partnerships
and small scale adoption plans.

F. Electric Vehicle Incentives in New Zealand
The key factor currently limiting increased uptake of electric vehicles in New Zealand is the price. The high price
difference between electric vehicles and internal combustion
vehicles is expected to persist in the short- to medium-term.
This would suggest that over that period the most effective
option to stimulate vehicle uptake would be tax reductions
on sales prices, subsidies and potentially scrappage schemes.
However, due to the price premium New Zealand pays for
electric vehicles, this subsidy would have to be relatively high.
It is unlikely that such an expense would be justifiable in the
New Zealand context. In addition, as New Zealand has no local
vehicle manufacturers any subsidy would effectively be a net
loss in revenue overseas. This would have a negative effect on
the economy and only a marginal improvement in overall fleet
emissions given the size of the potential market [75].
As such, in the short-term New Zealand should continue
to focus on regulatory and suasive measures that increase
consumer awareness of the importance of fuel economy while
tightening fuel economy standards on imported vehicles. In the
medium-term organisational measures should be introduced,
with the installation of charging stations and requirements for
new homes and car parks to include provisions for these. This
should also include provision for the introduction of smart grid
technologies to monitor and regulate charging. Once electric
vehicles near price parity with internal combustion vehicles in
the long term, scrappage schemes and decreased annual taxes
and fees could be introduced to increase fleet turnover rate and
speed the transition to a green transportation system.

IV.

E NVIRONMENT

A. Greenhouse Gas Emissions
Concerns about the environmental impact of increasing fossil fuel consumption, and in turn the long-term sustainability of
the transport sector, are the key factors motivating governments
to shift from internal combustion vehicles to electric vehicles
[76]. In 2011 the average new vehicle entering the New
Zealand fleet emitted 186 gCO2 e/km, while the average used
petrol vehicle emitted 193 gCO2e/km [4]. Given an annual
average travel distance of 12200 km [20], a standard light
passenger vehicle owned by a New Zealand household will
emit between 2 and 3 tonnes of carbon dioxide equivalent gas
annually.
While an electric vehicle will have zero ’tailpipe’ or tankto-wheel emissions, greenhouse gases will still be produced as
a result of electricity generation used to charge the vehicle’s
battery. Given the current grid mix in New Zealand with
approximately 70 percent renewable energy, this corresponds
to around 30 gCO2 e/km [3]. As shown in Fig. 9, this corresponds to an EV emitting up to 170 grams less of carbon
dioxide equivalent gas per kilometre travelled, compared to an
average fleet vehicle. This potentially amounts to a reduction in
greenhouse gas emissions of 2 tonnes per vehicle per year, or
80 percent per vehicle given the 2012 grid mix. As the average
New Zealand household produces approximately 8 tonnes of
greenhouse gases per year from electricity and transport alone,
this constitutes a major saving. Furthermore, as this assumes
that the EV is charging from the standard grid mix, it is likely
to achieve even higher emission reductions as the proportion
of renewable energy supplying the grid increases.
Domestic transport is responsible for 20 percent of the
overall greenhouse gas emissions in New Zealand. As shown
in Fig. 10 this is slightly behind agricultural methane emissions
- the largest greenhouse gas contributor. Within the transport
sector 91 percent of emissions are attributable to road transport,
followed by domestic aviation at 6 percent and shipping and
rail at 2 percent and 1 percent respectively [7]. In turn, as
depicted in Fig. 11, 65.5 percent of these road transport
emissions are due to light passenger passenger vehicles. This
implies that if 100 percent of the New Zealand light passenger
fleet transitioned to electric vehicles, New Zealand’s total
greenhouse gas emissions could be reduced by 10 percent.
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Fig. 10. A breakdown of greenhouse gas emissions by source in New Zealand
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Fig. 9. The estimated amount of carbon dioxide equivalent that would be emitted by an average fleet vehicle, electric vehicle and hybrid vehicle per kilometre
in each country.

Consequently, on the basis of emission reduction alone
there is a real impetus for change within the New Zealand
transport sector. With one of the highest rates of carbon dioxide
emissions per vehicle in the world and a rapidly aging fleet
with an average age of 13 years, there is a need for new
transport policies and environmental regulations to maintain
New Zealand’s ’clean and green’ image. In particular, due to
the high proportion of renewable energy within the national
grid, electric vehicles present a significant opportunity for
emission reduction.
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Fig. 11. A breakdown of greenhouse gas emissions from road transport by
vehicle type in New Zealand
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Fig. 12. The estimated percentage decrease in New Zealand’s total greenhouse
gas emissions resulting from specific levels of electric vehicle uptake

Globally, however, the case for electric vehicles compared
to pre-existing technology is less well-defined. For significant
emission reductions to be achieved EVs should be charged
from predominantly renewable sources. This means that for
countries with a high proportion of coal and oil based thermal
generation in their electricity grid, the emission reductions
achieved by transitioning to electric vehicles are likely to be
minimal. Indeed, as can be seen in Fig. 9, for some countries
such as Australia, Greece, Poland, China, India and the United
States of America, greater emissions reductions would actually
be achieved by fuel efficient hybrid vehicles than electric
vehicles. This highlights the importance of concerted ’greendevelopments’ in both the road transport and power supply
sectors. It should also be noted that while countries such
as France, Sweden and Switzerland can achieve significant
greenhouse gas emission reductions via EVs, their reliance on
nuclear power for energy generation also introduces separate
problems for future sustainability. To truly reap the benefits
of an electrified road transport fleet, countries must continue
developing and introducing smarter and greener power supply
systems.

B. Local Emissions
For New Zealanders the main immediate benefit of a
transition to electric vehicles is likely to be a reduction of air
pollution in main urban centres, and consequently improved
health. As shown in Fig. 13 and Fig. 14, approximately 12% of a vehicle’s tailpipe emissions are made up of carbon monoxide (CO), nitrogen oxides (NOx ), sulphur dioxide
(SO2 ), hydrocarbons (HC) and particulate matter (PM10 ) [77].
However, it is these substances that contribute to the main
urban pollution and health effect of vehicles. For example,
approximately 83% of carbon monoxide and nitrogen oxides
in New Zealand’s urban centres are attributable to vehicles [9].
Carbon
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Water
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Other
2%
Nitrogen
71%

CO 1.6%

admitted to hospital due to respiratory and cardiac issues
stemming from the same pollution. Approximately 22% of the
adverse effects are attributable to vehicles, while the majority,
at 56%, are due to domestic fires. However, this trend was
found to be reversed in dense urban areas such as Auckland
where the air pollution health impact of vehicles is twice that
of domestic fires. In addition, as the report only focused on
PM10 pollution, it is likely that the additional health effects
due to nitrogen oxides, sulphur dioxide and carbon monoxide
would be even greater [81].
While harmful emissions are disproportionately caused
by large diesel vehicles, in particular PM10 , any reduction
in overall ICE vehicle volumes is likely to have a positive
impact [82], [79]. In addition, even for countries with high
levels of coal, gas or oil power generation, any additional
emissions produced from the electricity grid are likely to occur
in more remote locations that are further from urban centres
[83]. Hence, while hybrid vehicles may lower the levels of
greenhouse gas emissions more than EVs in some countries,
EVs remain the best option globally for reducing local urban
pollution.
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The average composition of exhaust gases from a diesel vehicle

Each of these trace gases is capable of causing or exacerbating existing medical conditions. Elevated levels of nitrogen
oxides can potentially lead to inflammation of the lungs and
respiratory problems [78]. Carbon monoxide is absorbed from
the lungs to form carboxyhaemoglobin in the blood, thereby
reducing its oxygen carrying capacity and in turn impacting the
brain and the heart [8]. Heightened levels of sulphur dioxide
and particulate matter can also lead to increased respiratory
problems and cardiovascular disease [79]. Hydrocarbons contribute towards smog and the formation of ozone in the local
environment and, in the case of chemicals such as benzene,
may be carcinogenic [80].
The 2006 report Health and Air Pollution in New Zealand
conducted for the Health Research Council of New Zealand
estimated that approximately 1175 New Zealanders die each
year from anthropogenic air pollution. A further 607 are

C ONCLUSION

In conclusion, in the short to medium term it is unlikely
New Zealand will be a key driver for electric vehicle development and uptake. The significant price premium commanded
by electric vehicles, especially relative to second-hand exoverseas vehicles, is the main factor limiting their market
uptake both locally and worldwide. Until lithium-ion battery
technology decreases in price or alternative battery technologies are developed, over the next ten years the upfront vehicle
price will deter a large proportion of the market. Furthermore,
without a levelling off or decrease in electricity prices, coupled
with an increase in petroleum prices, the annual running-cost
differential and environmental benefits may not be sufficient
to motivate new buyers.
However, in the long term New Zealand is well situated
to benefit from widespread electric vehicle adoption. Its large
share of renewable generation and relatively robust electricity
infrastructure means that considerable carbon dioxide reductions could be achieved. In the short term government policy
should focus on improving New Zealand’s current emissions
standards and vehicle regulations, as well as educating consumers about vehicle emissions. In the medium term improvements should be made to local and national infrastructure to
accommodate for the later introduction of electric vehicles.
This includes housing policies for the installation of suitable
charging points into new homes and smart grid developments
to control and manage the additional charging demands.
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