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Sustainable Energy
This document has been produced under the New Zealand Government’s Sustainable
Development Programme of Action.
Sustainable development is “development which meets the needs of the present without
compromising the ability of future generations to meet their own needs”.
Achieving sustainable development involves a different way of thinking and working. It requires:
•

looking after people;

•

taking the long-term view;

•

taking account of the social, economic, environmental and cultural effects of our
decisions; and

•

encouraging participation and partnerships.

The central commitment of the Sustainable Development Programme of Action is to strengthen
the way government operates, by applying a set of guiding objectives and principles across
the government sector. By doing this, the government is offering a lead to other sectors and
enterprises in New Zealand, and an invitation to share the path to our common future.
Strong relationships and partnerships lie at the heart of this approach. The government will
tackle the issues in the programme of action by working closely with others.

October 2004
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Minister’s message

HON PETE HODGSON
Minister of Energy

Energy sustains our lives. We consume it constantly, at work and at home, 24 hours a day. Yet many of us give little
if any thought to where our energy comes from, how well or badly we are using it, where it will come from in the
future. We enjoy and prosper from the services energy provides. We pay attention mainly when the bills arrive, or
when supply disruptions remind us how much energy matters.
This must change. Two huge challenges will force the development of a radically different energy system this century.
One is the coming peak in global oil production, which will probably occur within our lifetimes or our children’s.
The other is global climate change. Both of these render our current energy habits unsustainable. Both compel us to
think about the decline of the fossil fuel era, and what comes next.
We are not powerless in the face of these challenges. Humankind has changed its energy system radically in the past,
and can do so again.
The place to begin is not with supply, but with demand. We have been preoccupied with expanding supply to meet
our growing energy needs, which have increased steadily with our population and our economy. But our energy needs
are ours to control. By making smarter energy choices we can get more value from the energy we use, waste less and
start building a cleaner, more dependable energy system. These choices belong to all consumers, large and small.
We all have opportunities to choose what we use, and how well we use it.
Although we can re-think our energy consumption, we will still need new sources of energy for the future. The good
news is that we already know where to find them. Although we rely on oil and other fossil fuels for most of our
commercial energy, the world is awash with energy in other forms. Human ingenuity already captures energy from
the Sun, the wind, the rain and the Earth’s subterranean heat. We have barely begun to tap the enormous resources
of clean, renewable energy available to us.
Change can be difficult, but it also brings opportunities. The nations, businesses and individuals that anticipate
energy trends have a chance to seize those opportunities to their lasting advantage. New Zealand can be one of those
nations. Our abundant energy resources, coupled with our history of innovation and adaptability, position us well
for the future.
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New Zealand begins a transition to more sustainable energy from the unusual position of having both more renewable
energy and lower energy prices than most countries. Energy prices have begun rising and, although they remain
relatively low, New Zealand’s economic advantage of very cheap energy has begun eroding. While we must strive to
keep costs as low as possible, consistent with our aspirations for reliable energy supplies and a high quality environment,
we can also aim for economic development led more by growth in high value-adding sectors that are not necessarily
energy intensive. This is the direction in which the government’s Growth and Innovation Framework is designed to
take us.
To make progress towards a sustainable energy system we need a clear, coherent view of our energy challenges and
opportunities. We need a long-term view of our interests and those of future generations of New Zealanders. We need
to be able to make decisions about energy that will help ensure future supply is secure, affordable and environmentally
responsible. In short, we need an understanding of what a sustainable energy future for New Zealand might look like,
and how we might achieve it.
This document is designed to contribute to such an understanding. It discusses the energy situation facing New Zealand,
the challenges and opportunities it presents for the nation, the government’s thinking on sustainable energy and its policy
response so far. It identifies some possible further steps towards a more sustainable energy system. It is not a manifesto for
change, but a step towards one: New Zealand, like the rest of the world, is just starting to explore the path to sustainable
energy. The map is not yet drawn. I invite New Zealanders to use this document as an aid to thought and discussion
about the individual and collective energy choices we have in front of us. If it helps build a shared understanding of an
energy future that fits with New Zealanders’ values and aspirations, it will have done its job.

HON PETE HODGSON
Minister of Energy
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User guide

The purpose of this document

unavoidable. Some frequently used terms are explained
here. The Glossary on page 70 has more definitions of
key words and measurement units.

This document is a view of New Zealand’s energy future
and a discussion of how we might shape it for the benefit
of future generations of New Zealanders. It:

Energy is measured in joules and watts. The joule is the
international unit of energy or work and the watt is the
unit of power.

• identifies the energy challenges and opportunities
facing New Zealand;
• explains the government’s strategic direction in
energy policy;
• explains how energy and energy-related policies work
in that strategic direction; and
• identifies possible future directions for policy
development.

A gigajoule (GJ) is one billion joules. It is the standard
unit for bulk sales of natural gas. One gigajoule is
equivalent to:
• the energy required to run a gas barbecue for about
30-35 hours;
• the energy in about 30 litres of petrol; or
• the energy in about 45 kilograms of coal.

Responding to this document

A petajoule (PJ) is 1015 (one quadrillion) joules. It is the
unit most often used to measure energy production and use
on a national scale. One petajoule is roughly equivalent to:

The government welcomes comment on this document.
There is no formal submission process, but comments
can be sent to sustainableenergy@med.govt.nz

• all the electricity used in Nelson in a year;
• a coastal tanker load of 25,000,000 litres of oil; or
• over 10 days’ output from the Huntly power station
at full capacity.

The government plans to use this document as a basis
for discussion with key stakeholders in energy over the
next six months. It will draw on the results of this
discussion and build on the ideas expressed in this
document as it develops policies to take New Zealand
further towards a sustainable energy system.

A megawatt (MW) is one million watts. It is the standard
unit for electricity generation capacity. One megawatt of
capacity is enough to supply the peak electricity needs of
about 500 households. New Zealand’s largest power
station at Huntly has a capacity of 1000 MW.

The government hopes this document will help broaden
public debate about New Zealand’s energy future,
particularly by increasing attention to issues for the
long term.

A gigawatt-hour (GWh) is one billion watts of power
over an hour. It is the standard unit for measuring
electricity production on a national scale. The 1000
megawatt (1 gigawatt) Huntly power station running at
full capacity for one hour would produce a gigawatt-

Energy units
In discussing the energy system, some technical terms are
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hour of electricity. Total annual electricity production in
New Zealand is about 40,000 GWh.

650 kWh of electricity a year. Total electricity
consumption in a household averages about 8000 kWh
a year.

A kilowatt-hour (kWh) is a thousand watts of power
over an hour. It is the standard unit for a household
electricity bill. Ten hundred-watt light bulbs running for
an hour would consume one kilowatt-hour of electricity.
A household refrigerator consumes, on average, about

References
A selection of key references is given in the selected
bibliography on page 72.

Document map
The energy system is a web. Its parts are interconnected and interactive. This document artificially, but necessarily, divides
energy issues into separate topics for discussion. It must also present these topics in a sequence, when in fact they are of
parallel rather than sequential importance.
The following diagram is a map of this document.
The table of contents on page 6 gives a more detailed summary of topics and their locations.
A concise summary of this document has been published separately. For an overview, readers can also begin with section 1,
“Energy today”, which sets out the energy challenges and opportunities facing New Zealand, and move directly to section 4,
“Energy tomorrow”, which summarises how we have responded and how we might expand our response in the future.
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Preface: Energy in New Zealand – a short history

New Zealand’s first inhabitants arrived on the wind, at
least 1000 years ago. The Mäori continued to use sail for
some transport, but relied largely on their own muscle
power for other travel, agriculture and industry. Wood
and geothermal springs provided heat for cooking
and comfort.

In 1960 the aluminium company Comalco agreed with

In the early 19th century settlers from Europe also
arrived by sail. They used domesticated animals to
supplement their labour and transport people and
freight. Wood remained a major source of heat for
industry and households, which were lit by oil lamps and
candles. Hydro power was used to shift timber and later
to excavate gold.

in New Zealand. The hydro project was scaled back, but

Coal began taking over from wood as the main domestic
and industrial fuel from about the 1860s. By the turn of
the century it was New Zealand’s main source of energy.
Coal gas became widely used, mostly for lighting. The
first gasworks were built in the main centres in the 1860s
and by 1916 there were gasworks in 56 centres.

in the 1980s, consuming natural gas from the large

The first oil well was drilled in Taranaki in 1866 and one
small commercial oilfield was developed at New Plymouth
in the early 20th century. Car ownership began increasing
rapidly in the 1920s, fuelled by imported petrol until the
Marsden Point refinery began processing crude oil in
1964. Offshore oil exploration began in the 1960s, with
new small fields coming into production in the late 1970s.

generation were restructured as commercial operations.

the government to build a smelter in Southland,
powered by hydroelectricity generated at Lake
Manapouri in Fiordland. A proposal to raise the lake by
up to 30 metres sparked a campaign of opposition
marking the beginning of an environmental movement
the smelter proceeded and remains New Zealand’s largest
single electricity consumer.
After global oil shocks in 1973 and 1979 New Zealanders
were urged by the government to “Think Big” about
energy projects. A synthetic petrol plant, a methanol
plant and an ammonia-urea fertiliser plant were built
Maui field in Taranaki, and the Marsden Point oil
refinery was expanded.
In the late 1980s the New Zealand oil sector was
deregulated, removing price controls on petrol that had
applied since 1933. State-owned coal mines and electricity

In the 1990s some state-owned electricity generation was
privatised and a wholesale electricity market was created.
A severe drought in the South Island in 1992 compelled
a nationwide electricity savings campaign to avoid power
shortages. Climate change emerged as a global
environmental problem and New Zealand signed

In 1888 the West Coast town of Reefton switched on
New Zealand’s first public electricity supply, from the
country’s first significant hydroelectric plant. The main
centres followed quickly with coal-fired generation
plants. Electricity was mainly used for lighting until the
1930s, when it began to take over from coal gas for
cooking. Large state hydroelectric projects began to make
power widely available from the 1920s and by the 1950s
electricity was the main form of household energy.

United Nations climate change agreements, including
the Kyoto Protocol. The failure of high-voltage
underground cables in 1998 caused blackouts in
Auckland’s central business district.
New Zealand introduced its first National Energy
Efficiency and Conservation Strategy in 2001. Dry
periods and thermal fuel constraints in 2001 and 2003
required power saving campaigns to reduce the risk of
shortages. An Electricity Commission was created in

The Second World War caused the country’s first serious
petrol shortages, with rationing that lasted until 1950.
Rapid economic growth after the war brought several
years of electricity shortages until more large hydro
developments were completed in the1950s and 60s.

2003 to regulate the industry and manage electricity
security. Maui gas began to run out. New Zealand
ratified the Kyoto Protocol, committing itself to a target
for reducing greenhouse gas emissions.
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1. Energy today

This section explains New Zealand’s energy
situation and the global context.
Key energy measurement units are explained in
the user guide on page 4. Other useful definitions
can be found in the glossary on page 70.

Global energy

FIGURE 1

World regional energy consumption 1980-2001

Demand is increasing …
World energy consumption is growing by about
1.9 percent a year, on average. The fastest growth is in
developing countries. These tend to have very low
energy consumption per person but large and rapidly
growing populations, requiring significantly more energy
as their living standards improve. Consumption in
Europe has declined slightly with the closure of energy
intensive industries in former communist countries.
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Industrialised countries
Developing countries
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Source: International Energy Outlook 2004, US Energy Information Administration
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While global energy demand is growing,
technologies and systems to improve energy
efficiency are also advancing.

FIGURE 2

40

Average world power generation efficiency
by fuel 1971-2030
Historical

FIGURE 3

Fleet average fuel efficiency of cars and personal
light trucks in selected IEA countries 1980-2000
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Source: International Energy Agency

… but energy efficiency is improving

engines. Hybrid vehicles combining petrol, diesel or
gas engines with electric motors have recently come
into commercial production, offering significantly lower
fuel consumption than most conventional petrol
vehicles. Fuel-efficient compact conventional vehicles
are also available.

While global energy demand is growing, technologies and
systems to improve energy efficiency, conserve energy and
manage energy demand are also advancing, accelerated in
many countries by supportive government policies.
The efficiency of electricity generation using gas and
coal, for example, has improved steadily and is expected
to advance further. Most new combined cycle gas
generation is now more than 50 percent efficient,
compared to less than 30 percent in the 1970s.
Continuing use of older plant means the global average
is still between 30 and 35 percent.

The energy efficiency of buildings is being improved
with advances in design; new building materials; new
means of space heating, ventilation and cooling; the
incorporation of solar energy systems; and the use of
automated control systems to manage energy consumption.
There have also been steady advances in the energy
efficiency of lighting and electrical appliances.

Advances in transport include improvements in vehicle
fuel efficiency through improved aerodynamics, lighter
structural materials and more efficient conventional

11
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A wide range of renewable energy
technologies is in use around the world
and some are growing strongly.

… and innovation is accelerating
FIGURE 4

Energy innovation is accelerating in response to
consumer demand for cleaner, more convenient and
more economic energy services; rising standards in
environmental regulations; growing recognition of the
risks of climate change; and concerns about the future
of oil as an energy source.

World consumption of renewable
electric power 1980-2002

10,000
8,000
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6,000
4,000

This innovation includes the further development of
renewable energy; new ways of finding and extracting oil
and gas; technologies, systems and services for improving
energy efficiency; new ways to manage electricity networks;
energy-efficient urban design strategies; and new options
for incorporating energy sources into buildings.

2,000
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Hydro

Potentially radical technologies include commercial
hydrogen fuel cell vehicles, nuclear fusion and
processes for capturing and storing emissions from
fossil fuel combustion.

Geothermal, solar, wind, wood and waste

Source: International Energy Annual 2002, US Energy Information Administration

is drawn out faster than it is naturally replenished. Wind
generation capacity is substantial in some European
countries and the United States, with growing interest in
offshore wind farm development as onshore sites become
harder to find in densely populated areas.

Renewable energy is growing …
A wide range of renewable energy technologies is in
use around the world, in various stages of development.
Those showing strongest growth are wind power,
geothermal, biofuels, photovoltaic, concentrated solar
power and small hydro-power.

Solar energy harnessed through small-scale photovoltaic
cells, which produce electric current, is commercially
viable for niche applications but not yet economic at
larger scales. Solar energy technology for household solar
water heating is well developed. Higher temperature
solar thermal technologies, for use mainly in semi-arid
regions, are under development but not yet economic on
a large scale.

Hydro, geothermal and wind electricity generation
are well-developed renewable energy technologies.
Increasingly limited opportunities for large hydro
projects in developed countries are focusing more effort
on small or micro-hydro generation. Geothermal is
considered renewable, although a geothermal field’s
pressure and energy output can reduce over time if fluid

Bio-energy includes direct heat from burning plant
material, gas captured from rotting landfill waste, and
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Oil, natural gas and coal make up
two thirds of global energy consumption.

FIGURE 5

turbines. Barrage generation is viable at a narrow range
of sites, but other technologies are some way from
commercial use, with high costs and design challenges in
coping with the harsh ocean environment.

World energy consumption by source 2002

… but the world still runs on fossil fuels
The world gets most of its commercial energy from
fossil fuels, with oil the single most important source of
energy worldwide. Oil, natural gas and coal make up two
thirds of global energy consumption, with significant
additional use of fossil fuels to generate electricity. About
65 percent of global electricity production in 2001 was
from fossil fuels.
Coal

7%

Oil

44%

Gas

16%

Combustible renewables and waste

14%

Electricity

16%

Geothermal, solar, wind, tidal and wave

Although oil is the world’s largest single source of energy
overall, consumption patterns vary significantly between
regions. The former Soviet Union nations draw more of
their energy from natural gas than oil, and in the Asia
Pacific region coal is the dominant fuel.

3%

Source: Key World Energy Statistics 2003, International Energy Agency

Nuclear power is growing in Asia, including Japan,
South Korea, China, India and Taiwan, but has
stagnated in Western countries because of concerns
over safety, waste storage and expense. Sweden and the
United Kingdom have begun reducing their use of
nuclear power for these reasons. International Energy
Agency (IEA) forecasts suggest nuclear energy is likely
to supply a decreasing share of global energy, as other
energy sources are expected to grow more rapidly.

the use of animal fats and plant oils as fuels. Ethanol
produced from biological material, such as crops or
whey, has been blended with petrol in North America
and Brazil for more than 20 years and is in common use
in many other countries. Biodiesel production from
crops or tallow is also common, on a small scale.
Newer technologies, including gasification of biological
material, are at an earlier stage of development.

… supply security is a growing concern

Internationally there is some development of ocean
energy, using tides, waves and currents to generate
electricity from barrages (similar to dams) or undersea

The world oil market is volatile. Oil reserves are
concentrated in the Middle East, where political tensions
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FIGURE 6

World crude oil prices 1945-2004
1973 Yom Kippur war
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and instability cause uncertainty about supply security.
The reliability of supplies from other major producers
such as Nigeria and Venezuela can also be uncertain.
Threats to supply produce large spikes in price.

Earth’s atmosphere and enhance its natural “greenhouse
effect”. This causes more of the Sun’s radiated energy to
be trapped within the atmosphere, which is expected
over time to cause changes in global climate patterns.
More than 80 percent of global greenhouse gas emissions
caused by human activity are from fossil fuel use.

Assessments vary, but global oil production appears likely
to peak in the first half of this century. When production
stops growing and begins to decline, prices are likely to
rise substantially. Oil may not “run out”, but the era of
cheap oil will end.

The likely effects of climate change include rising
average temperatures, rising sea levels, more frequent
extreme weather events and a change in rainfall patterns.
There is a strong scientific consensus that, by the end of
this century, these changes will occur on a scale that will
cause serious harm to ecosystems, industries,
infrastructure, human health, biosecurity and economies
worldwide. The United Nations’ Intergovernmental
Panel on Climate Change has estimated that a reduction
in total global emissions of about 50 percent by the end
of this century will be necessary to stabilise atmospheric
greenhouse gas concentrations at twice pre-industrial
levels, which would still be high enough to cause
significant climate change.

Securing reliable supplies of gas and electricity is also an
increasing concern internationally. Electricity supply
difficulties in California, the East Coast of the United
States, Japan, Italy, Australia and New Zealand have
focused attention on the need for careful market design
and regulation, addressing both demand and supply
issues, to ensure adequate supply security and
infrastructure investment. Similar issues apply to gas
markets. Growing demand for gas has led to rising
dependency on imports in many countries, with
increasing pressure on distribution networks.

The local environmental impacts of energy production,
distribution and use can include air and water pollution,
land contamination, radical alteration of the landscape,
destruction of wildlife habitat, noise and visual intrusion.
Community expectations that such impacts will be
responsibly managed are increasing internationally.

… and the environment is under pressure
Over the past decade climate change has emerged as the
major global environmental impact of energy use.
Burning fossil fuels for energy produces gases,
particularly carbon dioxide, that accumulate in the
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FIGURE 7

Carbon dioxide concentrations in the Earth’s atmosphere 1000-2100

900
800

Parts per million

700
600
500
400
300
200

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

YEAR

Recorded concentrations

Estimate based on low CO2 emissions

Estimate based on high CO2 emissions
Source: Intergovernmental Panel on Climate Change

Variation in temperature in degrees celsius
(from the 1961-1990 average)

FIGURE 8

Variations of the Earth’s surface temperature 1000-2100
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FIGURE 9

New Zealand energy consumption
by sector 1980-2003

500
400

PJ

300
200
100
0

’80 ’82 ’84 ’86 ’88 ’90 ’92 ’94 ’96 ’98 ’00 ’02
YEAR

Residential

Industrial & commercial

Transport

Source: New Zealand Energy Outlook to 2025, Ministry of Economic Development, October 2003

Energy in New Zealand

with a high level of vehicle ownership, high proportion
of travel using private vehicles, and high use of road
transport for both passengers and freight. Public
transport use has increased, but transport overall still
offers significant scope for energy efficiency improvements.
New Zealand homes use relatively low levels of energy
per person, largely because of the mild climate. However
they are also inadequately heated by international
standards, with generally poor insulation. The significant
energy efficiency gains commonly identified by
businesses and households that look for improvement
provide a steady flow of evidence of the scope for
increased efficiency overall.

Demand is increasing …
New Zealand’s energy consumption is growing by about
2 percent a year. This is faster than the global average,
but slower than Australia (about 2.5 percent) and the
Asia-Pacific region as a whole (more than 4 percent).
Demand growth is strongest in the industry and
transport sectors.
… yet energy efficiency has received little attention
Compared to many other developed countries,
New Zealand has paid relatively little attention to the
efficiency of its energy use until recent years. Our

… and innovation is modest

manufacturing is energy intensive, which means it uses

New Zealand has some capacity for innovation in energy
technologies and practices, but is a small contributor on
a global scale. New Zealand is mostly a “technology
taker”, adopting and adapting innovations from elsewhere.
In energy this process has not always been as rapid or
effective as it could be, particularly concerning the uptake
of innovations promoting the efficient use of energy.

high levels of energy per unit of production. This is
partly due to a high level of raw material processing, but
is also likely to reflect New Zealand’s low energy costs,
which provide a lower incentive for energy efficiency
than the higher costs in many other manufacturing
countries. Our transport energy intensity is also high,
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FIGURE 10

New Zealand renewable energy consumption
by source 1980-2003

FIGURE 11

New Zealand energy consumption
by source 2003
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Renewable energy use is high and growing …

Wind energy has been used very little in New Zealand
and is just beginning to expand rapidly. Established wind
farms represent less than 2 percent of total installed
electricity generation capacity so far, and provide less
than one percent of annual electricity production.

The share of New Zealand’s consumer energy coming
from renewable sources – about a quarter – is more than
the world average, mostly because of our high use of
hydro power for electricity generation. Over the past 20
years New Zealand’s use of renewable energy has grown,
and this is expected to continue.

Solar energy is not yet extensively used in New Zealand.
About 21,000 homes, or 1.8 percent, have solar water
heating systems, and about 1700 new systems are sold
each year. Altogether the energy these systems produce
equates to about 50 gigawatt-hours of electricity, roughly
the annual output of a small (10 megawatt) hydro
station. Photovoltaic solar energy systems, which convert
sunlight into electricity, are little used but can be
economic for remote electricity uses. There is about
1.4 megawatts of installed photovoltaic capacity in
New Zealand. Growth since 2000 has averaged about
20 percent a year, which compares to global growth of
25 to 30 percent a year.

Hydroelectricity is extensively developed in New Zealand,
representing more than 60 percent of total installed
generation capacity and providing 60 to 70 percent of
annual electricity production. Hydro capacity is
concentrated in the lower South Island, particularly in
the Waitaki and Clutha river systems. The main North
Island hydro stations are on the Waikato River and
Taupo catchments, with Lake Taupo providing storage.
Geothermal energy resources are concentrated in the
central North Island, where they have been used to
generate electricity on a small scale for more than 40
years. Current geothermal generation capacity represents
about 5 percent of total installed capacity and provides
6 to 7 percent of annual electricity production. There is
also some direct use by industry.

Bio-energy in New Zealand includes use of biomass –
usually wood – for home and industrial heat, and use of
methane from decomposing landfill waste to generate
electricity. Electricity generation capacity using biomass
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New Zealand, like the rest of the
world, gets most of its commercial
energy from fossil fuels.

is small. There is about 45 megawatts of wood-fired
capacity – mostly at one large co-generation plant – and
about 25 megawatts of landfill gas generation capacity.
New Zealand also produces about 11 million litres a year
of ethanol, derived from whey, which can be blended
with petrol. A small amount of biodiesel is produced
from tallow.

Natural gas, which is mostly methane, is used
predominantly for electricity generation (44 percent
in 2003) and methanol production (28 percent).
Reticulated (piped) use accounts for about a quarter of
total gas consumption. Reticulated use is dominated
by industry (57 percent in 2003) and commercial use
(27 percent), with the rest mostly used by households.
Use of gas for transport is very small – less than 0.5
percent. Natural gas use has grown strongly since the
substantial Maui field began producing in 1979, but has
recently begun to decline as the field nears the end of its
economic life.

Ocean power, including wave, current and tidal energy,
is a potential future source of renewable energy for
New Zealand if robust and cost-effective technologies
are developed.

New Zealand’s use of coal is low compared to the world
average, given the country’s low level of heavy industry
and low use of coal for electricity generation. Coal
generation has provided less than 5 percent of annual
electricity production. Almost half of New Zealand’s coal
production is exported. Coal use is dominated by
electricity generation, steel production and other
industry, with household and commercial use accounting
for less than 10 percent of total consumption. Until
recently coal consumption has been relatively static and
mostly met from national production. Increasing use of
coal for electricity generation at the Huntly power
station is driving significant increases in central North
Island production and imports.

… but New Zealand runs on fossil fuels too
New Zealand, like the rest of the world, gets most of its
commercial energy from fossil fuels. Oil, natural gas and
coal make up two thirds of the energy we consume, with
additional use of fossil fuels to generate electricity.
New Zealand imports oil from the United Arab Emirates,
Saudi Arabia, Oman, Malaysia, Australia, Brunei and
Indonesia. About three quarters of the refined oil
products on the New Zealand market are produced by
the Marsden Point refinery from imported crude. The
rest, including some petrol, are imported in refined form.
New Zealand produces oil from 11 Taranaki fields and
exports more than 80 percent of it for refining elsewhere
– mainly to Australia, Japan and Korea. The configuration
of the Marsden Point refinery and the economics of the
oil market mean that New Zealand crude is not optimal
for refining here.

New Zealand produces and uses a small but growing
amount of liquefied petroleum gas (LPG), a mixture of
propane and butane used for transport, commercial,
industrial and household purposes.
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… supply security is a growing concern

interests. Without more effective international action to

New Zealand imports most of its oil and is vulnerable to
global market conditions. We face the same risks of
supply and price disruptions as the rest of the world, and
the same longer-term challenge of finding an energy
alternative to oil.

reduce greenhouse gas emissions, the likely effects of

New Zealand’s natural gas supply is declining with the
depletion of the large Maui field, offshore from Taranaki.
Maui has provided about 80 percent of New Zealand’s
gas for two decades. Current total known gas reserves are
unlikely to meet demand in full beyond about 2012,
although there are good prospects for new fields and
exploration is increasing. There is continuing strong
demand for gas for existing electricity generation and
electricity companies have well-advanced plans to use gas
for substantial new generation plant. Some are also
investigating the feasibility of importing liquefied natural
gas to supplement New Zealand gas supplies.

might be the norm by 2030, while a hot year in 2030 is

climate change in New Zealand include rising average
temperatures, rising sea levels, more frequent extreme
weather events and a change in rainfall patterns. An
extremely hot year by current standards, for example,
likely to be hotter than any experienced in recent times.
Projected temperatures for the 2080s are well outside
anything experienced in New Zealand in the 20th
century. Such climatic changes would harm native
ecosystems, agriculture and horticulture, infrastructure,
human health and biosecurity, imposing significant
economic costs and threatening people’s safety. Globally
the major greenhouse gas generated by human activity is
carbon dioxide, from energy use. In New Zealand energy
sector emissions are growing strongly, but the major
greenhouse gas is methane, mostly from livestock farming.

New Zealand has faced the risk of electricity shortages
requiring urgent electricity conservation campaigns in
1992, 2001 and 2003. These have underlined the risk
of supply disruption in dry periods that arises from high
dependence on hydro generation. Meanwhile some plans
for new generation plant to serve growing electricity
demand have advanced hesitantly because of uncertainty
about future gas supply. The national grid is due for a
significant upgrade.

New Zealanders enjoy and expect generally high
environmental quality and are increasingly demanding
that the local environmental impacts of energy production,
distribution and use are constrained. These can include
noise, visual intrusion, air pollution, and disruption to
wildlife habitats and ecosystems. Recent proposals and
issues attracting public concern have included large and
small hydroelectric projects, wind farm proposals, a new
coal mine, coal imports, diesel vehicle emissions and
land subsidence attributed to geothermal energy use. In
some cases, however, energy developments have attracted
very little opposition and considerable support, notably
some recent wind farm developments.

… and the environment is under pressure
Global climate change looms large as a long-term threat
to New Zealand’s economic, social and environmental
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Sustainable Development for
New Zealand Programme of Action

2. Sustainable energy
– a policy framework

This section explains how the government views
sustainable energy: what it means, and the
decision-making principles that it involves.
It explains the connection with sustainable
development and describes key government
policy initiatives contributing to the pursuit of
sustainable energy.

Sustainable development is the overall objective

the expense of significant long term environmental
damage. Environmental improvement is not sustainable
if it threatens livelihoods. And social improvements are
not sustainable if they weaken the economy or cause
environmental harm.

The government’s Growth and Innovation Framework
is designed to deliver the long-term sustainable growth
necessary to improve the quality of life of all
New Zealanders. Its objective is to return New Zealand’s
per capita income to the top half of the OECD rankings
over time, which requires growth rates consistently above
the OECD average for a number of years.

The government’s Sustainable Development Programme
of Action, released in January 2003, sets out its principles
for sustainable development policy and decision-making.
Energy is one of four action areas identified in the
programme. The others are the quality and allocation of
freshwater, sustainable cities, and investment in child
and youth development.

New Zealand is amongst the many nations pursuing
growth through sustainable development. Sustainable
development is “development that meets the needs of the
present generation without compromising the ability of
future generations to meet their own needs”.

Energy matters …

The challenge for sustainable development is to ensure
that an integrated approach is taken in meeting
economic, environmental, social and cultural needs over
time. Economic growth is not sustainable if it comes at

Consuming energy is an essential, unavoidable fact of
modern life. The quality of life available in a developed
nation is, in many ways, the result of innovations in the
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Sustainable energy is reliable and resilient, environmentally
responsible, and fairly and efficiently priced.

use of energy to increase our comfort, health, security
and freedom.

Sustainable energy can be defined by three sets of
characteristics: reliability and resilience; environmental
responsibility; and fair and efficient pricing.

... to the economy
… reliable and resilient

The economy depends on a reliable and reasonably
priced energy supply. The international competitiveness
of energy-intensive export industries depends in part on
energy prices in New Zealand relative to those in
competing countries.

Supply reliability is the maintenance of access to enough
energy to meet demand for energy services. It is achieved
by complementary measures to secure energy supplies,
ensure efficient use of energy and avoid waste. Reliable
energy comes at a cost, and absolute reliability is
unachievable. Contingency planning for supply
interruptions is therefore a necessary part of planning for
reliable supply.

... to the environment
All forms of energy, including renewables, have
environmental effects. On a global scale the
consumption of fossil fuel energy is causing climate
change. Energy supply, distribution and use also have
local impacts on air quality, water quality, landscape,
noise levels and land use.

Although energy supply can never be completely reliable,
resilience in the energy system helps maintain its ability
to deliver the energy services we need. Resilience is the
capacity of the energy system to absorb and recover from
shocks, to learn, innovate and respond successfully to
gradual changes and trends. A key source of resilience is
diversity in energy sources.

... and for social and cultural well-being
Reliable and affordable energy underpins quality of life
for all New Zealanders. Supply interruptions and steeply
rising prices cause social stress and hardship.

… environmentally responsible
The energy system has global and local environmental
effects.

Sustainable energy is …

The global environmental concern is climate change.
We need to restrain greenhouse gas emissions from
energy production, distribution and use, so that they
can be reduced over time.

If development is to be sustainable, it must be fuelled by
sustainable energy. Sustainable energy will enable us to
maintain and improve our quality of life, not just for
ourselves, but for future generations. To achieve this our
energy choices must contribute to New Zealand’s
economic, environmental, social and cultural well-being.

At the local level we need to control the adverse
environmental effects of energy production, distribution
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and use, manage new environmental pressures arising
from growth in our energy needs, and take any feasible
opportunities to enhance environmental quality.

whole and take the long-term view necessary to manage
a transition over time.
… but this can be difficult to achieve

… fairly and efficiently priced

There can be tension between sustainable energy
objectives when we make energy choices, particularly in
the short term.

Efficient energy prices accurately reflect the relative
scarcity or abundance of energy resources, and the costs
of production, distribution and use. It is government
policy that energy prices should, in principle, reflect the
full costs of supply, including environmental costs.
Efficient full-cost prices summarise a large volume of
information necessary for sound energy choices. Open,
competitive energy markets apply downward pressure to
costs and prices, helping to ensure that efficient prices
are as low as possible.

Higher energy supply reliability, for example, will
generally come at a higher price. This may be considered
unfair, particularly if the reliability benefits are not
evenly valued by consumers. Lower environmental
impact can also come at a higher price. Conversely,
measures to hold prices down can reduce supply
reliability and inflict environmental damage.
Although a sustainable development approach to energy
policy involves looking first for “win-win” solutions,
sometimes trade-offs between objectives must be made.
Reliability has generally been the prevailing
consideration when this happens, although not at any
price. Historically, environmental objectives have often
been compromised first.

Fair pricing complements efficiency. It reflects both the
energy producer’s and the energy consumer’s interests as
well as underlying costs. Fair pricing requires energy
providers to be adequately remunerated, while helping to
ensure that vital energy services are widely available and
affordable, including for the least advantaged. It may
require, for example, the use of a transitional price path
to moderate the impact of price shocks, or the correction
of prices that do not currently reflect the full costs
of supply.

Policy choices must be guided by…
... a long-term view
Taking a long-term view requires the full implications of
today’s energy choices to be considered, but also opens
up a much wider range of possible actions. For example,
over the long run, improved urban planning could
reduce the impacts of energy infrastructure development.
A long-term view also enables policymakers to adjust
priorities for action over time, shaping a transition to a
sustainable energy future.

Policy can promote all these qualities …
Reliability and resilience, environmental responsibility
and fair and efficient prices are all essential. They serve
as objectives for energy policy development. Wherever
possible, the government will promote “win-win” policy
choices that contribute to the development of an energy
system with all these qualities.
This can be done. Two examples stand out. Promoting
increased energy efficiency contributes in all three areas.
So, generally, does promotion of innovation in energy
supply, distribution, use and policy.

... a system-wide perspective
The energy system is complex and interactive. Changes
have multiple implications and often a high likelihood of
unforeseen consequences. Government has an important
role in seeking a system-wide view of the costs and
benefits of particular energy choices. This requires
effective collaboration with a wide range of stakeholders
and an integrated approach to policy development by the
many government departments and agencies concerned
with energy and energy-related policy.

Sustainability can only be achieved over time. A complex
system like the energy system must be changed step by
step. We learn as we go, adjusting priorities for action in
the light of experience.
Leading this change is a critical role for government. It
alone is in a position to influence the energy system as a
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The government’s aim is to move progressively
to a more sustainable energy future, keeping open
as many options as possible.

... the need to maintain flexibility

The greater the uncertainty, the more investment
decisions tend to be focused on short- to medium-term
returns rather than long-term strategic interests. This is a
significant consideration in the energy sector, where
investments are often large and long-lived.

Future supply and use of energy is highly uncertain.
This means a rigid central planning approach to
sustainable energy is unlikely to succeed. The government’s
aim is to move progressively to a more sustainable energy
future while keeping open as many options as possible,
using a mixture of market solutions, regulation and
planning. The need for flexibility demands caution in
the use of specific policy targets, although these can be
useful in providing motivation, a shared sense of
direction, and accountability. In some circumstances the
need to keep options open will require a precautionary
approach to policy decisions, avoiding measures with the
potential to seriously or irreversibly undermine progress
towards sustainability.

… partnerships and good process
Government must work in partnership with energy
sector stakeholders and follow transparent and
participatory decision-making processes. Partnership
requires a readiness to share information and understand
different points of view, as the government does not have
a monopoly on good information or solutions. Useful
tools for engagement include the construction of
scenarios for New Zealand’s energy future, the creation
and use of networks for sharing information and ideas,
and the development of indicators to track progress
towards sustainable energy.

... the need for open and efficient energy markets
Open and efficient energy markets enable the entry of
new sources of supply, fair and efficient pricing of energy
services, uptake of new technologies, efficient interaction
between energy suppliers and consumers, and the spread
of better ways to use energy.

… and good information
Policy choices must be made with the best information
available. The government needs new information
continually for policy improvement and periodic
strategic evaluation and review. It also has a key role in
collecting, collating and disseminating information that
informs energy consumers, markets, energy sector
thinking and public debate.

… good practice in regulation
Markets are never perfect and will not deliver on all
objectives for sustainable energy. Policymakers need to be
alert to the barriers that can prevent sustainable energy
solutions coming into markets, and be prepared to adjust
energy market settings where they fail to promote energy
reliability, appropriate environmental outcomes or fair
and efficient prices. The form of regulation should be
guided by experience, practicality, sound information,
consultation and the need for the government to provide
as much certainty about its policies as possible, so that
businesses can plan and invest with confidence.

Policy has advanced significantly …
In the past five years the government has introduced a
number of specific energy and energy-related policies
and strategies that contribute to sustainable energy
objectives. These policies and strategies, together with
the objectives and principles set out above, form the
framework for future policy development.
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The government has introduced a
number of policies contributing to a
more sustainable energy system.

… with electricity market reform

Amongst other measures, the Commission can contract
with electricity producers and users for reserve generation
capacity or demand management, within specified limits,
to ensure New Zealand’s electricity needs can be met
without urgent power savings campaigns in up to a
1-in-60 dry year. In 2004 the government commissioned
a 155 megawatt generation plant in Hawke’s Bay to
provide some of the necessary reserve energy.

The government commissioned a ministerial inquiry into
the electricity industry in 2000 and introduced the
Power Package reforms later that year to give effect to the
inquiry’s recommendations. The package included:
• a new governance structure for the industry;
• a consumer complaints resolution scheme;
• a requirement for retailers to offer a low fixed charge
tariff to small power consumers;
• targeted price control for electricity distribution
companies and Transpower;
• a requirement for a decision-making process and
transmission pricing methodology to enable necessary
investment in the national grid to proceed;
• improved protocols for consumer switching between
power companies; and
• looser restrictions on the ability of electricity
distribution companies to invest in new generation.

… the National Energy Efficiency and Conservation
Strategy
New legislation in 2000 required the formation of a
National Energy Efficiency and Conservation Strategy
and made the Energy Efficiency and Conservation
Authority (EECA) an independent statutory body. In
2001 the government produced the strategy, which sets
targets for improving energy efficiency and increasing
energy use from renewable sources. It contains action
plans for improving energy efficiency across five sectors:
government, energy supply, industry, buildings and
appliances, and transport. To enable EECA to lead
implementation of the strategy, its budget has been
increased from about $8 million in 1999-2000 to more
than $20 million in 2004-05.

Following the industry’s inability to reach agreement on
self-regulation to achieve a number of these changes, the
government established the Electricity Commission in
2003 to govern the electricity market and ensure the
further progress of the reforms. The Commission is also
responsible for improved modelling and forecasting of
future electricity supply and demand, collecting and
publishing information from the industry that will
improve the function of the wholesale market, and
promoting more demand-side participation.

… the climate change policy package
In 2002 the government introduced a comprehensive
package of policies to address New Zealand’s
international obligations to tackle climate change. The
policies are designed to enable New Zealand to meet its
greenhouse gas reduction target under the Kyoto
Protocol, which New Zealand ratified in December
2002, while promoting sustainable energy and protecting
the nation’s economic interests. The foundations of the
package are the National Energy Efficiency and

… electricity security policy
In 2003 the government introduced policy requiring the
Electricity Commission to secure enough reserve energy
within the electricity system to reduce the risk of
electricity shortfalls in periods of very low hydro inflows.

24

MED 9137 Sus Energy (Scitronic)

21/10/04

5:18 PM

Page 25

Sustainable Energy | 2004

Conservation Strategy, the New Zealand Transport
Strategy, the New Zealand Waste Strategy, the Growth
and Innovation Framework, and a public awareness
programme. Key climate change policies are:

water and geothermal), and supporting best practice in
the implementation of the law by local government.

• an emissions charge to apply from 2007-08;
• Negotiated Greenhouse Agreements, by which firms
whose international competitiveness would be at risk
from the emissions charge can contract with the
government for an exemption if they undertake to
move towards world’s best practice in emissions
management;
• the Projects to Reduce Emissions programme, which
awards Kyoto Protocol “carbon credits” to projects
that will reduce New Zealand’s emissions during the
Protocol’s first commitment period (2008-12); and
• co-investment with the agricultural sector in research
into options for reducing greenhouse gas emissions
from pastoral farming, a local government mitigation
programme, and programmes to identify and develop
business opportunities.

In consultation with the gas industry through 2003 and
2004 the government has developed policy for reform of
gas wholesaling, transmission, distribution and retailing.
These changes are designed to update market
arrangements to cope with the more diverse sources of
supply and increased trading arising from the decline of
the Maui gas field. The necessary changes will be
delivered through a co-regulatory approach in
partnership with the gas industry. They include:

… gas market reform

• improving arrangements for the wholesale trading
of gas;
• an open access regime for all transmission pipelines;
• standard terms and conditions for access to
distribution pipelines;
• model contracts for consumers;
• standardised arrangements for customer switching; and
• an independent system for handling consumer complaints.

… resource management reform
Over recent years the government has acted on a
number of problems with the way that the Resource
Management Act (RMA) operates in practice.
Amendments to the Act in 2003 introduced a limited
notification process for resource consent applications
with minor environmental effects, reducing costs for
such developments. Delays in hearing Environment
Court appeals have been substantially reduced. A
package of national environmental standards is being
developed to create a more consistent and predictable
regulatory environment for applicants across regions,
with clear bottom lines set for the protection of the
environment and human health. The first batch of
standards being phased in deals with air quality,
including, for example, a design standard for new
wood burners in urban areas. The RMA has also been
amended to require regard to the benefits of renewable
energy and energy efficiency in the plan making and
resource consent processes. Proposals for further reform
of the Act are focused on achieving the right balance of
local and national interests, improving local policy and
plan making, improving the consent decision-making
process and allocation of natural resources (including

… incentives for gas exploration
To accelerate exploration for new gas reserves to replace
supply from the declining Maui field, the government
is altering the petroleum exploration regime. The
package includes:
• reducing the royalty rates for fields discovered before
31 December 2009;
• acquisition of geological data to increase knowledge
of the prospectivity of our petroleum basins;
• increased funding for the promotion of New Zealand
overseas as a petroleum prospecting destination; and
• changing a tax rule that created perverse incentives for
drilling rig operators to leave New Zealand within a
set time.
… transport reform
In 2002 the government introduced the New Zealand
Transport Strategy, the first to recognise all modes and
users of transport and to take a sustainable development
approach to transport policy. Key initiatives to
implement the strategy include:
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… local government reform

• legislation and organisational change embedding the
new approach in transport funding and administration;

In 2002 the government introduced changes to the
Local Government Act to say that regional, city and
district councils should take a sustainable development
approach. The Act provides for local authorities to play a
broad role in promoting social, economic, environmental
and cultural well-being. This covers the activities they
undertake, the services they provide and the way they
represent their communities. Many of these services and
functions have a significant influence on energy use and
production, for example through shaping urban
development and infrastructure and making space more
accessible for energy projects. Local government is also

• investment in Air New Zealand, the national rail
track network and roads;
• increased funding for walking and cycling
infrastructure;
• a new patronage funding system for public transport
that has produced substantial increases in passenger
numbers and funding; and
• new world best practice fuel specifications and vehicle
emission standards, and collaboration with local
government on the development of more sustainable
forms of urban development.

FIGURE 12

Sustainable energy objectives, policies and tensions
KEY SUPPORTING POLICIES

OBJECTIVE
Energy system is reliable
and resilient

Energy production and use is
environmentally responsible

Energy prices are efficient
and fair

POSSIBLE TENSIONS

National Energy Efficiency and Conservation
Few or none
Strategy (NEECS) - including renewables programme
Electricity and gas market reform

Few or none

Decision-making and pricing methodology to
enable national grid upgrades

Local environmental impacts of transmission
network

Reserve energy policy for electricity

Impact on electricity prices, emissions from
thermal reserve generation

Gas exploration incentives

Emissions from gas use

Resource management reform

Few or none

Climate change policy package

Higher energy prices more accurately reflecting
costs

NEECS

Few or none

Renewable energy programme in NEECS

Local environmental impacts

Resource management regime

Cost of compliance, constraints on some energy
developments

Transport reform

Higher cost of compliance with higher standards,
e.g. for fuel specifications

Local government reform

Possibly higher cost of compliance with higher
standards

Electricity and gas market reform

Higher energy prices more accurately reflecting
costs

NEECS

Few or none

Emissions charge

Higher energy prices more accurately reflecting
costs

Electricity low fixed charge tariff requirement

Some distortion of prices
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FIGURE 13

Relationships of key policies with sustainable energy

Sustainable energy

NEECS

Effective & well regulated
electricity & gas markets

Transport policy
Gas & petroleum
exploration regime
Sustainable development
Growth & Innovation Framework
Resource Management Act
Commercial law
Trade & investment policy
Health & safety regulation
Local government

Climate change
policy

increasingly involved in energy-related partnership

… and there is much more to do

programmes with central government, for example in

This document discusses how existing government
policies work towards a sustainable energy future for
New Zealand, but acknowledges that we are only
beginning to move towards that future. The next section
discusses the challenges and opportunities New Zealand
faces in making a transition to sustainable energy,
considers the present strengths and weaknesses of our
energy system from the perspective of sustainability,
explains the functions of government policies in more
detail, considers what remains to be done to achieve
sustainability, and suggests possible new policy approaches.

energy efficiency (the EnergyWise Councils Partnership)
and climate change (the Communities for Climate
Protection programme).
All these policies contribute to sustainable energy
objectives in a number of ways – and in some areas
illustrate the tensions that can arise between objectives,
as discussed above. The contributions and the tensions
are discussed further in Section 3, but Figure 12 offers a
brief overview. The table indicates how some policies –
notably the National Energy Efficiency and

The government does not underestimate the challenge
that the further development of policies for sustainable
energy presents to the policy agencies concerned. At least
a dozen government departments, ministries and
agencies have functions and responsibilities concerned
with energy and energy-related policy development.
Integrating their activities in pursuit of sustainable
energy objectives will require an ongoing effort to break
down institutional barriers to collaboration and promote
a common sense of purpose. Progress will also require
constructive engagement with and contributions from a
wide range of stakeholders, including the energy sector,
non-governmental organisations and local government.

Conservation Strategy – contribute to more than one
objective, while others predominantly contribute in a
particular area.
Some key policies relevant to sustainable energy serve
other government objectives not connected with energy
at all. Significant parts of transport policy and climate
change policy, for example, deal with matters such as
road safety or greenhouse gas emissions from sources
other than energy use. Figure 13 illustrates the extent
to which key policies are concerned – or not – with
sustainable energy.
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3. Sustainable energy
– challenges and opportunities

This section discusses the strengths and
weaknesses of New Zealand’s energy system
from the perspective of sustainability, explains
the function of government policies, and
suggests possible ways forward.

The section begins by examining two areas of action
that are fundamental to all sustainable energy objectives,
namely making better use of energy and supporting
energy innovation. It then discusses further specific
challenges and opportunities for promoting reliable
and affordable energy for New Zealand and for taking
better care of the environment. For each topic some
policy options for the future are identified as possible
ways forward.

Making better use of energy
Energy efficiency delivers broad gains
Making better use of energy can delay the need for
investment in expensive new energy supplies and
infrastructure. It can reduce emissions of greenhouse
gases and pollutants by reducing the amount of fuel
needed for the energy service required. It can improve
energy security by reducing pressure on supply, or it can
increase the benefits of energy use for consumers, for
example, by improving industrial productivity or home
comfort without increasing energy consumption.
Energy efficiency is achieved by expanding the energy
choices available to people. The more choices people
have for meeting their needs, the easier it is to make
good use of energy. Improving the way we use energy
can lock in gains for the future, just as past energy
choices continue to influence today’s energy use.
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Improving the way we use energy can lock
in gains for the future, just as past energy choices
continue to influence today’s energy use.

There are two basic ways to make better use of energy:

FIGURE 14

• Energy conservation measures reduce energy waste. An
example is the use of sensors in commercial buildings
to switch off lights in unoccupied rooms.
• Energy efficiency measures increase the benefits from
each unit of energy consumed, or use less energy to
achieve the same level of service. An example is the
replacement of ordinary light bulbs with compact
fluorescents, which convert more of the electricity
they consume into light, and less into heat.

Energy intensity of selected countries 1980-2002

25,000
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The broad term energy efficiency is used here to include
energy conservation.

0
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New Zealand’s energy efficiency record is poor …

YEAR

Compared to other developed countries, New Zealand
has been slow to improve energy efficiency. An IEA
review of New Zealand energy policies in 2001 noted
that, “New Zealand’s record of energy savings has been
smaller than in other IEA countries, but the trend since
1991 suggests some areas where savings might be made.”

Australia
Canada

New Zealand
Sweden

United Kingdom
United States

Source: International Energy Annual 2002, US Energy Information Administration

New Zealand’s economy has a high concentration of raw
material processing – milk, wool, meat and wood –
which is energy-intensive by nature. But low energy
prices have given most New Zealand energy users little
reason to pay close attention to the efficiency of their
energy use. The significant energy efficiency gains
commonly identified by businesses and households that
look for improvement provide a steady flow of evidence
of the scope for increasing efficiency overall.

This lack of attention to energy efficiency is partly why
New Zealand’s energy intensity (a measure of energy use
per unit of production) increased between the early
1970s and the early 1990s, while intensity was
decreasing in most other developed countries. Economywide, New Zealand’s energy intensity only began to fall
in the 1990s, much later than other developed countries.
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… but has begun to improve

awareness of opportunities for improved energy
management; and
• changing the Resource Management Act to give
guidance on energy efficiency and renewable energy.

Energy efficiency and conservation tend to improve over
time as people and businesses adopt new technologies.
In New Zealand the business-as-usual efficiency gain is
about 0.75 percent a year. The contribution that improved
energy efficiency can make to a more sustainable energy
system calls for action beyond this level.

Progress towards the energy efficiency target appears
promising. EECA’s Year 2 Report, covering the strategy’s
first full year (to 31 March 2002), indicated the net
national improvement in efficiency across all sectors for
the year was 1.9 percent. The strategy is a 10-year
project, however, and it is too early to be certain about
its impact relative to other factors.

The National Energy Efficiency and Conservation
Strategy introduced in September 2001 began
rebalancing central government energy policy to address
energy demand as well as supply. It recognises that
people need energy services, not energy itself: heat, light
and transport, rather than coal, electricity and oil. To
deliver any particular energy service as effectively and
cheaply as possible, both demand and supply-side
options must be considered.

The recently established Electricity Commission has a
role in promoting improved energy efficiency in
electricity use, in cooperation with EECA. It is currently
developing plans for efficiency programmes.

The strategy, which is implemented primarily by EECA,
sets an energy efficiency target of at least a 20 percent
improvement in economy-wide energy efficiency by
2012. Achieving this will require an overall energy
efficiency improvement of about 1.8 percent a year –
more than twice the rate of business-as-usual
improvement. The strategy also sets a target for
increasing use of renewable energy.

… and much more is possible
The National Energy Efficiency and Conservation
Strategy is a good beginning, but there remains
considerable scope for further progress (Figure 15).
The business-as-usual improvement in energy efficiency
is less than the economic potential, which is the possible
gain if all energy consumers adopted the energy efficiency
technologies and practices that would bring them
economic benefits. Economic potential increases over
time as new technologies become commercially viable.

The strategy contains action plans for improving energy
efficiency across five sectors: government, energy supply,
industry, buildings and appliances, and transport. Key
initiatives include:

… if barriers are overcome

• EnergyWise Home grants to retrofit existing houses
with insulation and other energy saving measures;
• minimum energy performance standards (MEPS)
for household appliances and equipment used in
commercial buildings and industry;
• mandatory and voluntary energy efficiency labelling
of household appliances, vehicles and commercial and
industrial equipment;
• management, technical and other advice on managing
energy consumption, such as the Emprove programme
for large commercial and industrial energy users;
• monitoring and market trend information, which
allows energy efficiency product and service suppliers
to better understand their market;
• sector studies in medium to large sectors with
common energy-using characteristics, which raise

The failure of businesses and individuals to take up
cost-effective opportunities to invest in energy efficiency
is a well-studied example of market failure. The reasons
for it can include:
• Conflicting incentives for producers and consumers.
Construction engineers and architects, for example,
have strong incentives to make building design, material
and energy technology choices that will minimise
initial building costs. These choices could mean
higher long-term energy costs for building tenants,
who in turn do not have strong incentives to improve
energy efficiency when they do not own the premises.
• Incomplete or inaccurate information. Poor information
on the costs and benefits of energy use can limit
consumers’ ability to make sound decisions. Reliable
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FIGURE 15

New Zealand energy efficiency potentials
by sector

% Energy savings
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Transport
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SECTOR
Source: Energy Efficiency and Conservation Authority

information may be costly to obtain or difficult to
analyse. Consumers can also be satisfied with less than
complete information, often with good reason.
• Discounting of energy efficiency benefits. Uncertainty
about the future benefits of energy efficiency
investments can lead firms to discount the projected
returns heavily. Similarly homeowners can discount
the benefits of home energy efficiency improvements
if they do not expect to remain in the house for long,
nor to recoup the cost when it is sold.
• Inefficient prices. Prices that do not reflect the full
costs of energy production and use fail to give
consumers essential information, such as the real
economic, environmental and health costs of their
energy choices.

Such influences can play a significant part in the success
or failure of policy measures, and efforts to understand
them can contribute to effective policy development.
There is a role for government in addressing these
market failures and social barriers to secure energy
efficiency improvements that serve both the interests
of individual consumers and the wider public interest.
This requires the use of traditional policy tools such as
information delivery, regulation, standards and financial
incentives. Governments internationally are also
increasingly using social marketing strategies to address
social barriers, for example, by presenting information to
consumers in ways tailored to suit their interests and values.

Ways forward …

Social factors affecting energy efficiency improvement
have not received as much attention, although they can
be equally or more influential. Beliefs, perceptions,
prejudices, fears, loyalties, fashions, habits, politics,
traditions and culture all affect people’s energy choices.
Decisions about personal transport, for example, are
often influenced by fashion, appearance and status
more than practical or financial considerations.

There are many policy options available for improving
energy efficiency, which is the focus of considerable
government attention internationally. The following
is an indication of the range of possible measures that
could be taken in New Zealand, building on action
taken so far or advancing into areas in which other
countries have acted.
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The National Energy Efficiency and
Conservation Strategy is a good
beginning, but there is considerable
scope for further progress.

… to help New Zealanders make well-informed
energy choices

… to improve the energy choices available to
New Zealanders

The government could expand existing information
programmes including mandatory energy performance
labelling in areas such as household appliances, houses,
vehicles, and manufacturing equipment. It could develop
an endorsement labelling programme to recognise the
best energy performers, such as fuel efficient vehicles.
It could more aggressively promote energy efficiency best
practice to business, through guides, training, energy
audits and assessments, case studies, reporting protocols,
demonstration projects and sector studies. Government
could provide better information and analytical tools to
the finance sector for evaluating the risks of energy
efficiency investments, to reduce the risk premium
attached to them. It could undertake more market
analysis and identification of energy efficiency potentials
to underpin decisions about investment in energy
services and energy efficiency. Regulatory requirements
or incentives for increased provision of smart electricity
meters by electricity providers could be introduced to
help consumers make better choices on power use.

To improve the range and quality of energy choices
available in New Zealand the government could increase
support for the development of sustainable energy
industries and services. The solar water heating industry,
for example, could be further assisted with subsidies for
installations. The energy management industry could be
supported by more investment in tertiary and trade
education. More grants could be offered to support
energy efficiency investments by consumers, such as
retrofits of houses. Minimum energy performance
standards could be used more extensively to lift the
quality of available buildings, products and vehicles.
Financial incentives for fuel efficient vehicle purchases,
such as differential vehicle registration charges based on
fuel efficiency and bounty payments for scrapping old
vehicles, could make efficient vehicles more attractive or
affordable. More implementation, support or guidance
for travel demand management programmes, in
collaboration with local government, would increase the
range of effective travel choices available. Government
could lead an increase in teleworking by introducing best
practice guidelines in the public sector. It could use
public sector purchasing to accelerate technological
change and support the development of the energy
efficiency industry, for example through commissioning
more energy efficient buildings or purchasing energy
efficient vehicles.
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Internationally, growing concerns about climate
change, air pollution, and the reliability and future price of
oil supplies are driving a surge in energy innovation.

Energy sources and technologies under continuing
development include electricity generation from wind,
waves, tidal and solar energy; fuel production from
biomass and biological wastes; and more efficient and
lower-emitting uses of fossil fuels such as coal and oil.
New technologies are being investigated to better
manage electricity networks, insulate buildings and
embed energy sources within infrastructure.

Supporting energy innovation
Sustainable energy needs innovation …
Sustainable energy requires changes in the way energy
services are provided and used. Many of these changes
will require innovation in energy technologies, practices
and processes. In some areas, innovation will help deliver
energy with limited environmental impacts at reasonable
prices. It will also increase diversity in energy
technologies and systems, helping make the energy system
overall more resilient and adaptable to changing needs.

Many such innovations might not be commercially
viable for many years. Predicting progress is notoriously
difficult. Hybrid petrol-electric cars, for example, were
initially expected to be available after 2010, but massmarket models are already available and sales are
increasing rapidly. Electric cars were once seen as a likely
major development, but now attract little interest.

Innovation embraces the invention, commercialisation
and diffusion of new ways of doing things. It can be
incremental, producing small improvements to existing
practices or processes, or radical, producing new
technologies or fundamental changes in production and
consumption. Open and competitive energy markets are
critical in creating opportunities and incentives for
innovation. There can also be a role for government in
accelerating the diffusion of innovations that serve the
public good, for example, through improving energy
efficiency or reducing greenhouse gas emissions.

… and could produce radical change
Potentially radical energy technologies include the
further development and application of hydrogen fuel
cells, particularly in vehicles; processes for capturing and
storing greenhouse gas emissions from fossil fuels; and
nuclear fusion.
Use of hydrogen as an energy carrier is the focus of
considerable research and development worldwide.
When run through a fuel cell to produce electricity, it
emits only water vapour. If hydrogen can be
economically produced using renewable energy sources
and used in energy efficient fuel cells, it offers the

… which is accelerating internationally
Internationally, growing concerns about climate change,
air pollution and the reliability and future price of oil
supplies are driving a surge in energy innovation.

33

MED 9137 Sus Energy (Scitronic)

21/10/04

5:18 PM

Page 34

Sustainable Energy | 2004

FIGURE 16

How a hydrogen fuel cell works
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FIGURE 17

Options for subterranean storage of
carbon dioxide
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prospect of a versatile, reliable and environmentally
benign way of providing energy services. However, free
hydrogen does not exist in nature, and there is currently
a high energy cost in producing it. It can be extracted
from fossil fuels such as coal and gas, produced by
electrolysing water, or obtained – so far in small
quantities – from microbial breakdown of organic
matter. These production methods face unresolved
questions of cost, energy efficiency and greenhouse gas
emissions. Hydrogen distribution and storage systems
would also need to be developed if it is to become a
major energy technology, and this presents some
significant technical challenges. The IEA projects
hydrogen fuel cells beginning to contribute to global
energy supply after 2020, mostly in stationary
applications, with hydrogen vehicles possibly beginning
to enter the vehicle fleet around 2030.

which is already done with CO2 from a Norwegian gas
field in the North Sea. It is also possible to store CO2 by
injecting it deep into the oceans, which can absorb large
amounts of the gas, although this presents difficulties in
monitoring storage, and the impacts on marine life are
uncertain. All these options are currently high cost per
tonne of carbon dioxide compared with a number of
emission reduction alternatives, although costs are likely
to track downwards.

The capture and storage of carbon dioxide (CO2 )
emitted by or extracted from fossil fuels is being
investigated as a way of avoiding the climate change
impact of using them. The options include injecting the
gas into depleted oil and gas reservoirs, unminable coal
seams, or into highly saline underground reservoirs,

Nuclear fusion, the source of the Sun’s energy, has been
investigated since the 1950s as a possible source of
inexhaustible and environmentally responsible energy.
Fusing together the atomic nuclei of light elements, such
as hydrogen, to make heavier elements releases huge
amounts of energy. Small experimental fusion devices

New Zealand has oil and gas reservoirs nearing depletion
that could be used for CO2 storage, but its young and
active geology possibly adds to the risks of leakage and
rupture. Sudden releases of CO2 would produce local
atmospheric concentrations lethal to humans and
animals, while long-term leakage could present a major
problem for future generations.
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The National Energy Efficiency and Conservation
Strategy includes a wide range of programmes to encourage
innovation in energy use and technologies, including
renewables. An example is the EnergyWise Awards,
which publicise successful innovations in energy efficiency
and renewable energy.

have succeeded in producing small amounts of energy
for short periods, but have consumed more energy than
they have produced. If a commercially viable fusion
reactor is possible it is expected to be several decades
away. A site is currently being chosen for the proposed
International Thermonuclear Experimental Reactor
(ITER), which would be the largest yet built. It is
backed by the European Union, Russia, Japan, China,
Canada, South Korea and the United States.

International connections are vital to the capacity for
innovation in a small nation. Relevant science policy
initiatives include bilateral science cooperation
agreements, the appointment of international science
coordinators to facilitate research relationships with
specific countries, and research funds designed to attract
international partnership funding. New Zealand energy
research in bio-energy, energy conservation in buildings,
geothermal energy, greenhouse gas reduction, solar
heating and cooling, hydrogen fuel cells and wind turbine
systems is connected with work in other countries
through IEA technology agreements. New Zealand has
also joined the International Partnership for the
Hydrogen Economy, a major United States-led research
effort. It has cooperative climate change links with other
countries that have ratified the Kyoto Protocol and has
climate change cooperation agreements with the United
States and Australia that promote joint research projects
and the exchange of information.

New Zealand must be a fast follower …
New Zealand is largely a taker and adopter of energy
technologies and practices developed internationally.
To take best advantage of innovation in the transition
to sustainable energy, it therefore needs to be a fast
follower where it cannot be a leader. It has not always
been fast enough, as its energy efficiency history shows.
New Zealand needs a culture of innovation in energy
technology, processes and systems. The government has
a strategy of growth through innovation, defined in the
Growth and Innovation Framework. It has programmes
in place to foster the development of business capabilities
and supportive networks, and the creation of new, high
value firms. Policies promoting effective and wellregulated energy markets are also part of creating a
climate in which innovation can flourish.

… but can also contribute

Government initiatives to support innovative activity
throughout the economy include increased investment
in research, the formation of research funds designed to
attract matching private sector support and the
establishment of performance-based research funding
in the tertiary education sector. The formation of venture
capital funds, increased funding for the technology
development agency Technology New Zealand, support
for business incubators, the formation of New Zealand
Trade and Enterprise and a new suite of industry and
regional development programmes all underpin
innovation within individual firms, sectors and regional
industry clusters.

New Zealand also has strengths in innovation that can
contribute directly or indirectly to sustainable energy. It
has established expertise in hydroelectric and geothermal
energy technology. It has strong and growing innovative
capacity in biotechnology, which could apply to biofuel
production or the extraction of energy from biomass and
waste. The small but active information and
communications technology sector has the potential to
contribute innovative solutions to energy delivery and
demand management, for network industries such as
electricity and gas, for transport, or for building and
plant management. Specialised areas of established or
emerging capability include super-conducting materials,
the extraction of hydrogen from coal for fuel cells, the
use of old oil and gas wells for carbon dioxide storage,
and the application of overseas technology for smart
electricity metering.

Specific energy and climate change policy initiatives
supporting innovation include the climate change
Projects to Reduce Emissions programme, which has
supported innovative renewable energy projects
including micro-hydro and landfill gas generation.
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FIGURE 18

Energy research and development budget of
New Zealand Foundation for Research Science
and Technology 2003-2004

Energy efficiency and conservation

$2,000,000

Fossil fuels and carbon sequestration

$4,700,000

Renewable energy

$5,000,000

Other technology and research

$500,000

Source: Foundation for Research Science and Technology

These innovation capabilities are spread around Crown
Research Institutes, universities, industry research
associations, energy supply and distribution companies
and a small number of private companies.

Foundation for Research, Science and Technology
through a contestable bidding process, with decisions
guided by the government’s strategic priorities, the likely
national benefits and research quality. More than half of
current public investment goes into renewable energy
and energy efficiency.

New Zealand has also been innovative in energy-related
policy development. It has been amongst the early
movers in establishing an electricity market and is the
first country to tender Kyoto Protocol carbon credits to
support cleaner energy projects, through the climate
change Projects to Reduce Emissions programme. Policy
development capacity and research coordination in the
public sector still tends to have a short- to medium-term
focus, however, and could be better integrated.

Private sector research investment in all fields is relatively
low by international standards. It is less than half the
average, by the most generous measure, but has begun to
increase. New Zealand business is dominated by small
enterprises and relatively lacking in the high technology
manufacturing businesses, including defence providers,
that invest heavily in research and development
elsewhere. In the energy sector, New Zealand has few
technology providers and an energy service sector that
has only just begun to develop.

… yet research investment is modest
New Zealand research investment is generally dominated
by public funding and energy research is no exception.

… and may need more focus

Public funding for energy research totals about
$12 million a year, spread widely across technologies and
including social research on energy use. Most public
research funding is allocated to projects by the

There is a strong view amongst New Zealanders involved
in energy research and development that reduced central
planning of the energy system has produced a need for
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FIGURE 19

Energy research and innovation in New Zealand – some examples

Forest Research Institute
scientists are researching
possible supply chains for
biomass energy, e.g. from
wood waste, to develop energy
systems for new energy use
sectors and models to predict
demand for heat from biomass.

A NIWA researcher is
investigating the suitability
of small renewable energy
systems for rural Māori
communities, and how to
adapt them for community
use and trial their use in
collaboration with industry
and hapū.

Transpower subsidiary d-cypha
is developing a system for a
New Zealand futures market
for electricity, which would
allow suppliers and users to
trade future power purchases,
and help the development of
a market consensus on future
prices.

The Building Research
Association is investigating the
possibility of a zero energy
house, with research on the
evaluation of energy efficient
technologies in building.

A Massey University research
team is working on the
development of 3rd generation
solar cells and advanced nickelzinc batteries, with the
potential to develop plastic
solar cells and batteries.

The potential for coal seam
methane gas production, to
supply the reticulated gas
market, is being investigated
by CRL Energy Ltd in partnership
with Kenham Holdings.

Christchurch company
Whispertech has developed and
is exporting compact
cogeneration units, suitable
for household use, with original
technology using external
combustion Stirling engines.

Windflow Technology, in
Christchurch, has developed a
novel wind turbine design
combining a patented gearbox
and pitch-regulated twobladed rotor.

The Institute of Geological
and Nuclear Sciences is
investigating possible long-term
options for deep geothermal
energy, which would require
wells kilometres deep.

Scientists at Industrial
Research are investigating the
production of hydrogen from
carbon-based fuels.

Canesis is investigating energy
efficiency in the drying of wool
wastes and products, and
conversion of wastes into
useable products such as
plastics, feed, fertiliser or
fuel.

Industrial Research, having
developed superconductor
technology now being used
under licence in the United
States to manufacture wires
and cables, is leading work on
the next generation of the
technology.

… to exploit New Zealand strengths in energy
innovation

stronger strategic leadership in energy research. Better
connections between different centres of energy research
and better alignment between government energy policy
and research priorities are also advocated. Limiting
factors for energy innovation identified by science
stakeholders include conservative management within
the energy industry, inflexible or complex electricity
market arrangements in some areas, a general weakness
in commercialisation capacity within the New Zealand
innovation system, and energy industry investment
hesitancy attributed to uncertainty over the future
impact of national and international climate change
action on fossil fuel costs and use.

New Zealand already exports its skills in mature energy
technologies, including hydroelectricity, geothermal
energy and the use of methane from waste. We could
develop more niche applications of specific benefit to our
energy needs, with potential for export to other countries.
Examples could include biofuel developments, building
on the strength of the agricultural, forestry and
biotechnology research industries. Another growth area
could be the development of information and
communication technologies for energy management,
including metering, transport management and systems
for managing the output of intermittent electricity
generation. New Zealand could also increasingly adapt
established geothermal and hydro generation technologies
to smaller production units. The government could work
through its economic development agencies, in partnership
with industry, technology providers and communities, to
assist the development of industry clusters built on areas
of niche expertise. It could support the further

Ways forward …
The following is an indication of the range of possible
measures that could be taken to strengthen energy
innovation in New Zealand, building on action taken
so far or following the lead of other countries.
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The government will lead the
development of a more focused approach
to energy innovation.

… to focus effort more effectively

development of niche capabilities through increased
funding for sustainable energy research, or venture
capital funding, or both. These could be structured to
attract matching or greater private funds.

The government will lead the development of a more
focused approach to energy innovation with a stocktake
of R&D capacity in sustainable energy. This would lead
into a foresight analysis of the capacity the country
might need in 20 or 30 years, identifying constraints in
the current system and guiding priorities for change – in
basic research funding, for example. An energy
innovation forum involving researchers, policy analysts,
industry representatives and non-government groups will
be convened to contribute to this process. New Zealand
could follow the examples of the United Kingdom,
Finland and the Netherlands in developing and
exploiting learning networks in a partnership approach
to energy policy development. The government could
also work with the energy and research sectors to create
an institutional hub for energy innovation, such as an
energy innovation centre, a government-industry
research partnership, or an energy technology incubator.
It could invest more in social research into the barriers
to uptake of energy innovation in key sectors such as
transport, where travel behaviour change is a major
challenge. It could use public sector procurement policies
and standards and labelling systems, as discussed in
the preceding section, to accelerate uptake of new
technologies and innovations in energy services.

… to strengthen global connections
The government will continue to build on New Zealand’s
established links with Australian, European, United
States and other research efforts into renewable energy
and cleaner use of fossil fuels, including cleaner burning
technologies, carbon capture and storage, and preparation
of fuels for advanced combustion technologies. An
international sustainable energy watch and information
exchange could be established to track global energy
developments relevant to New Zealand and disseminate
the findings. Technology New Zealand and EECA could
collaborate on an energy technology transfer programme.
The government could also use its international trade
and investment agencies to promote New Zealand as a
“test bed” for new sustainable energy technologies.
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FIGURE 20

Proved global oil reserves by region 2003
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Oil prices can also be influenced significantly by

Promoting reliable and
affordable energy

decisions by the Organisation of Petroleum Exporting
Countries (OPEC) on the amount of oil its members
release onto the world market. High demand growth in

Balancing supply and demand is the key

large developing countries such as China and India is

Securing reliable and affordable energy is a continuous
task involving both the producers and users of energy.
Energy policy and energy system management has for
many years been focused largely on supply. This section
discusses key supply issues, but making better use of
energy and improving interaction between energy
users and producers are just as important for reliability
and affordability.

currently putting upward pressure on prices. In the

Demand for oil will keep growing, prices will
remain volatile …

below the peaks of the 1970s.

Demand for oil is expected to keep growing for the
foreseeable future, with steady growth in oil product use
in developed countries and more rapid growth in
developing countries. Transport worldwide is very heavily
dependent on oil, with no alternative energy sources yet
offering serious competition for petroleum products.

developments. Larger countries, particularly the United

Oil prices have been volatile over the past 25 years,
despite the development of new oil fields in Europe,
Africa and South America. This is largely due to security
concerns: oil reserves and spare production capacity are
increasingly concentrated in the Middle East, where war,
terrorism and political upheaval cause concern in oil
importing countries about long-term supply security.

does so through membership of the IEA. The IEA’s 1974

longer term, further upward pressure is likely to come
from governments applying increasingly stringent
regulations or emission charges in response to concern
about climate change, local air pollution, and the
environmental costs of oil extraction and transport.
Volatility means oil prices are also likely to fall at various
times. In real terms, current prices are still significantly

New Zealand is exposed to international oil market
States, maintain large strategic oil reserves as a partial
buffer against price spikes. New Zealand is too small for
any strategic management of its oil stocks to affect
international prices. It can, however, contribute to and
benefit from international oil security arrangements and
Agreement on an International Energy Programme
requires member countries to hold oil stocks equivalent
to at least 90 days of net oil imports and to release
stocks, restrain demand, switch to other fuels, increase
domestic production and share available oil, if necessary,
in the event of a major oil supply disruption.
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FIGURE 21

World oil production 1965-2003
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… and oil production will eventually peak

Opinions differ also on whether the peak in oil production
will cause a large, sharp increase in price or a more
gradual change. Historically, major supply disruptions
have caused large price spikes – following an oil embargo
by the Organisation of Petroleum Exporting Countries
(OPEC) in 1973, for example, and after the Iran-Iraq
war in the early 1980s.

Oil is a finite resource. Production from individual fields
follows a well-established pattern of a steady increase
followed by a plateau and a steady decrease until the
field is abandoned. This peaking pattern is expected to
hold for total global oil production. Oil prospecting
technologies have improved significantly and will probably
continue to do so. But at some date oil production will
begin to decline as it becomes progressively more costly
to recover more from known reserves.

Alternatives to oil are currently limited …
Alternatives to oil for transport energy exist, but are little
used in New Zealand. We are, in effect, totally reliant on
oil for transport energy.

Opinions differ on the likely timing of the peak in oil
production. Estimates range from 2010 to the later part
of this century. Views between these extremes commonly
estimate a peak around the 2030s. Analysis by the
United States Department of Energy’s Energy Information
Administration, for example, suggests oil production
could peak as early as 2021 with high production growth
and a conservative estimate of recoverable reserves, or as
late as 2067 with low production growth and a high
reserve estimate. A median estimate, with 2 percent
annual production growth and a mean (50 percent
probability) reserve estimate, suggests peak oil
production occurring in 2037.

LPG, while a petroleum product, is an alternative to
diesel and petrol that is produced in New Zealand.
About 40 percent of LPG use is for transport, but its use
is very limited compared to other fuels. New Zealand
supplies have tightened with the depletion of the Maui
gas field and prices are likely to rise towards the
international price, which for New Zealand is effectively
set by Australian exports. LPG has lower greenhouse gas
emissions than petrol, and the price will therefore be less
affected by the proposed emissions charge.
Use of compressed natural gas (CNG) in vehicles was
encouraged in the early 1980s by government subsidies
for vehicle conversions. These were removed in 1987,
however, and with low oil prices the market declined
rapidly from its peak in 1985. Supply facilities for CNG,
which in the 1980s extended throughout the North
Island, are now very limited. Without subsidies for

The variations in different analysts’ estimates of the
timing of peak oil production generally reflect differences
in interpretation of geological survey data, differing
expectations of the likelihood of finding new reserves
and different expectations of oil recovery technology.
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FIGURE 22

New Zealand LPG demand 1980-2003

FIGURE 23
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Source: New Zealand Energy Data File, Ministry of Economic Development, July 2004
(Includes use of LPG for non-transport purposes,
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Source: New Zealand Energy Data File, Ministry of Economic Development, July 2004

vehicle conversion, CNG became uncompetitive with
petrol for all but large cars doing very high mileage. Today
only about 500 CNG vehicles are registered and there are
no signs of a possible resurgence in the technology.

alternatives to imported oil. The benefits would be
increased self-reliance for transport energy and greater
diversity in transport energy sources. Any real supply
security gain would take time, however, given the very
limited current use of oil alternatives. There would also be
a real cost in increased use of more expensive alternatives
to oil.

Liquid biofuels produced from renewable biological
products are little used in New Zealand, but are poised
to grow. Ethanol, which is produced in New Zealand
from whey, can be blended with petrol and used in
unmodified vehicles. The use of blends of up to
10 percent ethanol is permitted in New Zealand and
sales of blended fuel are expected to begin by early 2005.
Biodiesel, which can be produced from animal or
vegetable fats and oils, can be blended with diesel and
used in unmodified vehicles, or used as a direct
replacement. A small amount of biodiesel is being
produced in New Zealand from tallow and recycled
cooking oil.

Increased self-reliance for oil supply would not reduce
prices, which are set by global trade, but would reduce the
net cost to the nation of any oil price shocks. Increasing
use of gas, if supplies allow, would reduce greenhouse gas
emissions per vehicle, but retain the disadvantages of
reliance on fossil fuels.
Increasing use of biofuels would reduce transport
greenhouse gas emissions and bring the long-term
security benefit of renewability. The long-term potential
for expansion of biofuel production could also be very
significant, on both national and global scales.
Limitations could include the land area required to
produce source crops.

Electricity use for transport is limited to the main trunk
railway between Wellington and Auckland, some urban
commuter train services and fewer than 100 trolley
buses, most of them in Wellington.

Increasing use of electricity, for example by extending
rail and bus network electrification, would reduce
greenhouse gas and other emissions locally, but
contribute to increasing emissions from electricity
generation if thermal fuels are used. It would also replace
some oil security risk with electricity supply security risk,
and require more substantial infrastructure investment
than the other alternative transport energy options.

Hydrogen may offer an alternative form of transport
energy in the longer term, but widespread, affordable
supply is still many years in the future.
… but could offer some security benefits
New Zealand’s transport energy supply could be made
more secure by increasing use of the currently available
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FIGURE 24

New Zealand natural gas availability by field 1970-2025
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As long as transport remains dependent on oil,
improvements in the efficiency of oil use will soften the
impact of rising prices. So will improvements to the overall
efficiency of the transport system, including increased use
of travel alternatives where they meet people’s needs.

current total known gas reserves could meet demand for
other uses until about 2012.
… but gas exploration is active
With rising oil and gas prices, exploration for new oil
and gas reserves in New Zealand is increasing. The
number of operational exploration permits in 2004 is
the highest for several years and surveying has increased.
To encourage exploration further, the government is
reducing the royalty payments it collects from the
developers of new oil and gas fields for a limited period
and has addressed tax issues that were identified as
potential barriers. It is increasing funding for geological
research into the prospectivity of exploration regions, but
is not contemplating any investment of public funding
in gas exploration.

Natural gas supplies are uncertain …
New Zealand’s natural gas supply is declining with the
depletion of the large Maui field, offshore from Taranaki.
Maui has provided about 80 percent of New Zealand’s
gas for two decades.
Gas supply for residential and commercial gas users, who
consume small volumes, is not at risk. But future supply
for users requiring large volumes of gas at low prices –
for methanol production and electricity generation – is
less certain.

The oil and gas exploration companies active in
New Zealand are generally small to mid-sized, rather
than major global players, given the relatively small local
market for gas and small scale of prospective oilfields.
However, major gas users – including the methanol
producer Methanex New Zealand, gas pipeline owner
NGC and electricity generation companies Contact
Energy, Genesis Energy and Mighty River Power – are
also investing or considering investment in exploration
and development of gas fields.

Gas prices are rising as supplies tighten. Because
methanol production is an internationally competitive
industry, it is more sensitive to gas price increases than is
electricity generation. Electricity generators are likely to
be able to pay more for gas, and methanol production
may cease within a few years. Gas supply projections
commonly assume this will happen.
Substantial new gas-fired electricity generation – Genesis
Energy’s 385 megawatt “e3p” project at Huntly – is
expected to begin producing power in late 2006.
Assuming methanol production halts around 2006,

Areas under exploration include offshore basins to the
east of the North and South Islands. Existing gas
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New Zealand’s natural gas supply is declining
with the depletion of the Maui field.

production facilities are concentrated in Taranaki and
new investment in pipelines would be needed to make
use of discoveries elsewhere.

around $600 million. To recover the cost, the plant would
need long term contracts to process 60 to 100 petajoules a
year of gas – enough to supply three to five power stations,
which in New Zealand are typically around 350 megawatts
and consume about 20 petajoules a year. The importation
of LNG would therefore tie up most of the bulk market
demand for gas, for a number of years at least, reducing
incentives for further gas exploration.

New Zealand’s future gas supplies are likely to be drawn
from a larger number of smaller fields, rather than being
dominated by a single large field as in the last 25 years.
This will require more flexible and sophisticated gas
trading arrangements. The government is working with
the gas industry to ensure these develop, and will have
backstop powers to regulate the gas market if the
industry-led process fails.

Big gas users face difficult choices
Investment in LNG import facilities would be a
commercial decision for energy companies, rather than
the government. Contact Energy and Genesis Energy are
currently funding a feasibility study.

… and gas imports are possible
International trade in liquefied natural gas (LNG) has
grown rapidly in recent years. Imported LNG could
supplement New Zealand gas supplies if new discoveries
are insufficient to meet demand. Likely sources of supply
would be Australia and Indonesia.

A regasification plant would take three to four years to
construct. Assuming resource consents could be obtained
within two years, a decision to invest in LNG import
facilities for New Zealand would have to be made in
about 2008 to bring supply onstream by 2012. The
decision would depend to a large extent on whether gas
exploration in the next two years found new fields to
extend the life of current reserves beyond about 2012.

Imported LNG is expected to be more expensive than
prices yet seen for New Zealand natural gas. Industry
estimates of the wholesale cost, including the capital cost
of import facilities, are significantly higher than current
wholesale gas prices.

Although it would depress interest in gas exploration,
investment in LNG facilities would be unlikely to halt
exploration altogether. It would therefore carry some risk
that substantial new gas discoveries might become
available at a lower price. Users of LNG would be
exposed to price fluctuations in the international LNG

To use imported LNG, New Zealand would need a
regasification plant. The gas is supercooled to form a
liquid for transport and must be converted back into gas
for injection into pipelines. Such a plant would cost
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Coal is plentiful …

market, dominated by strongly increasing demand from
the United States and China.

Coal is New Zealand’s most abundant fossil fuel, with
economically recoverable reserves estimated at 8.6 billion
tonnes – enough to maintain current production for
hundreds of years. Eighty percent of New Zealand’s coal
is lignite, a low-grade coal, located mainly in Southland.
Higher-grade coals are produced from fields in the
Waikato and on the West Coast. Little exploration for
new coal reserves is occurring, as the industry
concentrates on extending reserves within existing
mining licence areas.

Methanol production from natural gas in New Zealand
has already dropped significantly with rising wholesale
gas prices and could become uneconomic in the near
future. This would strand Methanex’s substantial plant in
Taranaki, with a significant impact on the local economy.
… but natural gas has an important future
Natural gas will continue to be a reliable source of
energy for commercial and household purposes. Despite
the current uncertainty about medium- to long-term
supply for bulk use, it will remain an important fuel for
electricity generation for many years. The prospects
of further supply security from new discoveries in
New Zealand are positive, particularly at a higher price.
Imported supplies would be reasonably secure, also at a
higher price.

… and provides flexibility
The availability of coal is a source of resilience in
New Zealand’s energy system. In recent years coal has
been a backstop source of energy for electricity generation,
substituting for tight gas supplies. The 1000 megawatt
Huntly power station, New Zealand’s largest single
power plant, is able to run on gas or coal and since
2003 has run largely on coal. Its owner, Genesis Energy,
has also built up a coal stockpile and a more diverse
supply chain to enhance the plant’s ability to generate
when required.
Coal could fuel some new electricity generation around
the end of this decade, if proposals currently under
development prove competitive with other new
generation options. Coal also provides a back-up option
for industrial gas users if gas becomes more difficult or
expensive to obtain.
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The government has established an Electricity
Commission to regulate the industry and manage the risk
of supply shortages when hydro lake inflows are low.

Providing reliable electricity is challenging …

… major issues have been addressed

The dominance of hydro generation in New Zealand’s
electricity system produces cheap power but also the risk
of shortages in very dry periods. Water storage for hydro
generation is limited to the equivalent of about six weeks
of normal hydro generation. This means hydro must be
backed up with other forms of generation that can be
relied upon to run when water is short. Balancing hydro
and other generation will remain a challenge for the
New Zealand electricity system as long as hydro dominates.

The government has established an Electricity

Demand for electricity tends to grow with New Zealand’s
economy and population, and has been rising steadily.
Increasing efficiency in electricity use delays but does not
eliminate the need for new generation capacity.
Decisions on investment in new generation are
commercial decisions, made by electricity generators
rather than the government. Investment has generally
been timely, but uncertainty about future gas supply and
the fuel cost implications of climate change policies has
delayed some decisions lately.

generation plant – a 155 megawatt diesel turbine plant –

Commission to regulate the electricity industry. Its
responsibilities include ensuring that the electricity system
has enough reserve energy to maintain secure supply in
up to a 1-in-60 dry year without the need for urgent
conservation campaigns. The Commission has a range of
powers to achieve this, including the ability to contract
for the provision of reserve generation plant and for
electricity users to shed or shift load. The first new reserve
has been built by the government in Hawke’s Bay.
Other policies facilitate the development of new baseload
generation, particularly from renewable energy sources.
Statutory limits on generation by lines companies have
been loosened. The RMA has been amended, reducing
some of the costs of the consent process and requiring
local authorities to have regard to the benefits of
renewable energy when considering consents. Through
the EECA and the Ministry of Economic Development,

The transmission capacity of the national grid must grow
with electricity production and demand. The grid is
currently in need of significant new investment, partly
due to upgrades being deferred in anticipation of more
distributed generation, which has developed less than
Transpower anticipated. In general the systems for
maintaining grid security are well developed, but errors,
equipment failures and technical difficulties can potentially
mean supply shortages for large numbers of consumers.
Failures and errors in the management of distribution
networks can also cause major supply disruptions.

the government has also been expressing its support for
some forms of energy development in submissions on
resource consent applications. It has agreed with Genesis
Energy to share some of the financial risk of any future
gas shortages to enable the company’s new e3p gas
combined cycle power station to be commissioned in
2006. The climate change Projects to Reduce Emissions
programme provides Kyoto Protocol “carbon credits” for
cleaner energy projects and this has accelerated the
development of wind generation in particular.
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… more changes are on the way

Much of this new capacity will be distributed generation,
which produces power for use on site, supplies other
users through local line networks rather than the
national grid, or connects to the grid through local lines.
New Zealand’s existing distributed generation includes
industrial co-generation, local hydro schemes, wind
farms, landfill gas generation, small geothermal power
plants, small diesel and gas generators and solar power.

In coming years the Electricity Commission will
continue to evaluate the case for a portfolio of reserve
energy options. It is also likely to invest much more in
demand management measures than New Zealand has
previously seen. To enable new investment in the
national grid, the Commission is overseeing the
establishment of a decision-making process and pricing
methodology. Transpower, the national grid company, is
planning a major 10-year grid upgrade.

… with significant advantages
More distributed generation would improve the overall
security of the electricity system by diversifying supply.
It should also spread generation capability more evenly
around New Zealand, reducing reliance on transmitting
large amounts of electricity over long distances. Smaller
generation plants built close to where power is needed
may be the most timely and cost-effective way of
meeting consumers’ needs.

The government also has further proposals for resource
management reform. These address issues including the
balance between local environmental effects and national
benefits, and the risk of inconsistent local body decisionmaking on infrastructure networks, such as transmission
lines, that cross regional boundaries. The government
proposes to improve the expression of the national
interest in the resource management process by
providing more guidance through national policy
statements and standards. Energy infrastructure has been
identified as a priority for national policy statement
development. Further proposals for reform are focused
on improving natural resource allocation, including the
allocation of water among competing uses such as hydro
generation, irrigation and recreation. The regime for
allocation of geothermal energy resources is also
scheduled for review.

Costs can also be reduced by distributed generation.
Generation close to use can reduce transmission losses
and may defer the need for new investment in
transmission and distribution networks. Small
distributed generation projects also offer opportunities
for new entrants to the electricity generation business,
increasing competition and efficiency in the supply of
power. Distributed co-generation, which provides cheap
process heat along with electricity, can reduce the overall
cost of the energy mix. The potential environmental
benefits of distributed generation include better overall
efficiency in the electricity system, reducing greenhouse
gas emissions per unit of power consumed. Much new
distributed generation is likely to use clean renewable
energy sources.

… and a new kind of electricity system is likely
to develop
Electricity generation capacity has mostly expanded in
large steps, with the periodic addition of large new power
stations, but this is likely to change to some degree.
New technologies have reduced economies of scale in
electricity generation. Smaller generation plants are
increasingly economic. This change, coupled with
increasing public concern about the environmental
impacts of major electricity projects, means that future
expansion is likely to involve fewer large projects and
more frequent additions of smaller new power stations.
There is some evidence of this trend beginning in
New Zealand, with increasing development of small
co-generation plants, small wind farms and small or
micro-hydro projects.

… requiring more flexible transmission and
distribution systems
Increasing distributed generation requires electricity
transmission and distribution systems to accommodate
more new and diverse sources of power. This includes
intermittent sources, from renewables such as wind and
solar, and from small generators who only sell power
when they have a surplus or prices are high.
Difficulties in getting agreement to connect with local
line networks have been cited in a number of cases by
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FIGURE 25

New Zealand transport fuels prices
(real) 1980-2004

FIGURE 26

New Zealand electricity and non-transport
fuels prices (real) 1980-2004
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Some energy prices are beginning to rise …

energy companies as a barrier to the progress of
distributed generation projects. Most lines companies do
not have standard terms and conditions for connecting
distributed generation, so every project needs an
individually negotiated deal. The government views this
as an unnecessary barrier and is regulating the terms and
conditions for connection of distributed generation, to
ensure generators pay no more than is reasonable. In
addition, the Electricity Commission has a general
responsibility for encouraging opportunities for
distributed generation, and when evaluating proposed
national grid upgrades it must ensure that alternatives
including distributed generation are considered.

Most energy prices in New Zealand have been reasonably
stable over the past decade, but gas prices and electricity
prices are currently rising for many consumers. The
gradual removal of cross-subsidies from commercial to
household electricity consumers means electricity prices
for household consumers have been rising steadily in real
(inflation-adjusted) terms and the price for commercial
users has been declining. Industrial energy prices have
been relatively stable in real terms for 20 years. Transport
fuel prices are volatile: although rising lately, they have
been considerably higher in real terms in the past.
In the longer term, peaking global oil production is
likely to bring a significant increase in oil product prices,
as discussed earlier. The costs of new electricity
generation and new gas fields or LNG, along with the
addition of environmental costs into fossil fuel prices
and continuing demand for energy, are likely to put
continuing upward pressure on prices. Competitive

In the long term the development of an electricity
system with multiple suppliers feeding surpluses into
local networks will bring a significant transformation in
the way those networks are managed. The national grid
is likely to remain the backbone of the electricity system,
but more complex regional energy webs will develop.
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FIGURE 27

Electricity prices for selected countries
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FIGURE 28

Gas prices for selected countries
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FIGURE 29

Regular petrol prices for selected countries
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% of average weekly expenditure

FIGURE 30

Energy related household expenditure in New Zealand
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energy markets will be an important source of
counterbalancing downward pressure, along with
improvements in energy efficiency and the development
of new energy technologies and sources.

competition. Industries in the more competitive global
markets risk losing sales to competitors from other
countries if energy price rises force them to raise product
prices. Their possible responses to rising energy prices
include development of alternative or on-site energy,
such as industrial co-generation; increasing energy
efficiency and conservation; moving to a less energyintensive product mix; or pursuit of cheaper energy in
other countries.

… remaining competitive by international standards
New Zealand’s energy prices remain competitive with
those in other developed countries. International price
comparisons must be made with caution, however, given
differences in national taxes and levies, fuel grades and
exchange rates. Delays in the provision of price data can
also mean prices are understated for some countries.

Household spending on energy in New Zealand is a
relatively small part of the total cost of living. The
average spending of a New Zealand household on
domestic energy – mostly electricity and heating – is
5 percent of total weekly spending in the lowest income
households and less than 2 percent in the highest income
households. All households with vehicles spend more on
them – mostly on fuel – than on energy in the home.

… but still posing a challenge
Although starting from a low base, New Zealand’s rising
energy prices are still a significant issue for some energy
users – particularly energy-intensive businesses and
low-income households.
Amongst industries, energy accounts for more than
20 percent of the input costs for aluminium and steel
refining, oil refining, methanol and ammonia-urea
(fertiliser) production and airlines. It accounts for 10 to
15 percent of inputs for pulp and paper production, the
petrol trade, coal and other mining, wholesale trade,
water supply, education and scientific research.

Although relatively low as a proportion of total
household spending, energy can comprise a significantly
higher share of household income. For low-income
households with multiple occupants, spending on
electricity (the main source of energy within the home)
can approach 10 percent of annual income. Spending on
energy in winter, when consumption peaks, can be
higher still as a proportion of weekly or monthly income.

Energy price increases affect these industries to varying
degrees, depending on their exposure to international

Household fuel poverty is defined in Britain as the need
to spend more than 10 per cent of annual household
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income on all fuel use to heat the home to an adequate
standard of warmth. In New Zealand there has been no
equivalent attempt to define fuel poverty appropriately,
reflecting our milder climate and differences in housing
stock and consumer behaviour, and to assess it at a
national level. However, poorly insulated and
inadequately heated homes are known to create health
problems for a significant group of low-income
households. There is also evidence of householders,
particularly the elderly, keeping their use of energy for
home heating down to inadequate levels to restrain
spending.

in the electricity industry, development of an electricity
hedge price index and steps towards the development of
a forward market for electricity.

Ways forward …
The following is an indication of the range of possible
further measures that could be taken to promote reliable
and affordable energy in New Zealand, building on
action taken so far or following the lead of other
countries. Measures to promote energy efficiency,
innovation and environmentally responsible energy can
also contribute, directly or indirectly, to reliable and
affordable supply.

Individual and household hardship caused by living costs
is predominantly dealt with through income support
policies rather than energy policy. An exception is the
government’s policy requiring electricity retailers to offer
a low fixed charge tariff option to small electricity users.
This was introduced in response to rising fixed charges,
which limit the ability of small consumers to control the
size of their power bill and save money by saving energy.
Targeting government funding for home energy efficiency
retrofits at low-income households also enables them to
reduce heating costs, or achieve more comfortable and
healthier homes without increasing costs.

… to achieve more reliable transport energy
Options for improving the transport energy supply
security are limited in the short to medium term, but
New Zealand will benefit from continuing its
involvement in the IEA’s oil security arrangements and
meeting its associated responsibilities to maintain reserve
oil stocks. Contingency planning for possible supply
disruptions will help minimise the impact of any shocks.
Alternative fuel development could be a “no regrets”
policy for New Zealand for the long term. Biofuels,
notably ethanol and biodiesel, may have the strongest
long-term prospects. Their development is likely to
require government support, however, following the
examples of countries such as Germany, the United
States and Brazil. Increased use of electricity for

Policies designed to promote efficient, transparent and
competitive energy markets are also important in
encouraging fair pricing and downward competitive
pressure on prices. These include measures such as the
requirements for improved customer switching protocols
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Cleaner and low-carbon fuels can
reduce the environmental and health
costs of transport energy use.

transport has less clear promise, but may be worth
investigating. International efforts to develop hydrogen
fuel cells as a transport energy technology will have to be
watched closely, with continuing government support for
New Zealand research in this area.

government of the benefits of distributed generation and
more championing of successful examples. The Electricity
Commission will promote more investment in electricity
demand management where that is a cost-effective way
of maintaining supply security. The Commission will
continue to evaluate the case for acquiring new reserve
energy options, including demand-side measures, to cover
the risk of supply disruption arising from very dry periods
in hydro catchments. Upgrading of the national grid will
proceed over the next decade, with the Electricity
Commission to approve investments and determine a
pricing methodology. In the longer term, the costs of
climate change and rising price of carbon will mean
generation from renewable energy sources becomes
increasingly necessary for reliable and affordable supply.

… a more secure natural gas supply
The government is increasing investment in research into
the prospectivity of New Zealand’s potential oil and gas
producing regions, reducing royalties for petroleum
exploration until 2009 and removing a taxation barrier
to exploration investment. It will monitor closely the
effectiveness of these measures and continue to work
with the gas industry to develop a more efficient gas
market, making use of backstop regulatory powers if
necessary. It will also monitor progress on industry
consideration of LNG importation to see whether any
issues arise requiring government action.

… fair and efficient prices
Efficient, transparent and competitive energy markets
will continue to be the key means for securing fair and
efficient energy prices, with competition providing
essential downward pressure on costs and prices. Income
support policies will continue to be the principal means
of dealing with individual and household hardship
caused by living costs, including energy costs, and these
policies will continue to be adjusted as necessary. The
development of a more liquid and transparent forward
market for electricity, in which hedge contracts for future
supply can be traded, will provide better price
information for large consumers and clearer long-term
price signals to guide investment in new generation.

… more reliable electricity
The government will continue to address barriers to
investment in new electricity generation as they emerge,
particularly for generation from renewable energy sources
and distributed generation. Proposals for further change
to the RMA, including an improved framework for
water allocation, will be important in this regard. The
terms and conditions for connection of distributed
generation to distribution networks will be regulated,
but there may be a need for more promotion by
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Our reliance on fossil fuels for many energy
services has significant environmental costs.

international standards. Local air pollution from motor
vehicles causes or aggravates human health problems,
including asthma, bronchitis and heart disease. Recent
research has estimated that about 400 premature deaths
occur each year as a result of motor vehicle emissions.

Taking better care of the
environment
Energy services have environmental costs
Our use of energy to provide services such as heat, light
and transport has an impact on our environment. Energy
services are a vital part of economic activity and our
quality of life: a strong transport sector, for example, is
essential to New Zealand’s economic and social
development. Electricity has become indispensable to
modern life. Industrial energy use produces wealth,
growth and jobs. But for all these purposes we currently
rely heavily on energy from fossil fuels, which have
significant environmental costs.

Growth in transport energy use is closely linked with
economic growth. As New Zealanders prosper, they
travel more – and in general this is part of an improved
quality of life. The challenge is not to curb people’s
mobility, but to find more sustainable energy sources
for transport and other ways of meeting people’s
travel needs.
… but environmental costs can be reduced by
smarter travel choices
Some energy-intensive travel does not serve its purpose
well, but is forced by a lack of alternatives. This includes
a significant number of car trips. People often prefer
to avoid car travel, but still use cars because they
are affordable, and alternatives are not necessarily
more convenient.

Transport runs on oil …
Transport in New Zealand runs almost entirely on oil.
In 2003 transport generated 45 percent of energy sector
emissions of carbon dioxide, a major greenhouse gas.
Most of these emissions – 88 percent – are from petrol
and diesel use for road transport. Transport sector
emissions are growing strongly, at an average rate of just
over 4 percent a year.

International comparisons suggest that energy use in
transport is closely linked to urban design. As cities
sprawl, commuting times and distances increase. In the
United States and Canada the amount of energy used for
transport is almost three times as high per person as in
other OECD countries, which generally have less
dispersed cities and higher use of public transport.

Vehicle exhaust emissions are also a significant
contributor to local air pollution. In many urban areas,
including regional centres, air quality regularly falls
below New Zealand ambient air quality guidelines and
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FIGURE 31

Carbon dioxide emission factors for
transport fuels

70
60

k t C O 2/ P J

50
40
30
20
10
0

Diesel

Premium
petrol

Regular
petrol

LPG

FUEL
Source: New Zealand Greenhouse Gas Emissions 1990-2003,
Ministry of Economic Development, June 2004

Fuel-intensive travel can be reduced by shifting to less
energy-intensive transport modes, changing destination
choices, combining trips, or travelling less. Making these
choices easier could help improve environmental quality
and reduce urban congestion. EECA estimates that
increasing use of public transport, cycling and walking,
along with improving load factors in commercial transport,
could save 17 percent of current transport fuel use.

that will enable an investigation of pricing policies that
could efficiently increase rail’s share of the movement of
people and goods. Road pricing offers potential gains in
reduced congestion and environmental impacts,
although it may have adverse social impacts. The
government has commissioned a study to examine the
desirability and feasibility of introducing it in Auckland.
Through its travel behaviour change programme EECA
works with regional and local government to help people
develop school, business and community travel plans.
EECA has also produced a website-based Rideshare
software package to put car drivers and potential
passengers in touch by e-mail, and internet-based
downloadable resources for communities to establish
walking school buses.

The New Zealand Transport Strategy adopted by the
government in 2002 recognises all modes of transport
and takes a sustainable development approach. It requires
transport policy to include consideration of public
transport objectives, supporting alternatives to travel
and providing infrastructure for walking and cycling.
Investment in public transport infrastructure and
operational costs comes from both central government
and from local government rates. In 2001 the
government introduced patronage funding for public
transport and passenger numbers increased substantially
throughout New Zealand – by 23 percent over the
following year in Christchurch, for example. The
government has also re-purchased and will upgrade the
national rail track network and stations in Auckland.
Well operated and patronised rail has significantly higher
fuel efficiency and lower environmental impacts than
road transport. Freight transport by rail or coastal
shipping is generally more energy efficient for bulk
freight carried over longer distances. The government has
initiated a Surface Transport Costs and Charges Study

… cleaner and low-carbon fuels
Cleaner and low-carbon fuels can reduce the
environmental and health costs of transport energy use if
they are renewable or have lower emissions. As discussed
earlier, moving from oil to alternative fuels for transport
can also increase supply security, while renewable fuels
may be more affordable than oil in the long term.
LPG produces lower carbon dioxide emissions and much
lower non-greenhouse gas emissions than petrol and
diesel. However, in practice, emissions from LPG engines
are generally not as low as they could be, as almost all are
converted petrol engines. The proposed emissions charge
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in common use in Europe and the United States, in
blends of 5 to 30 percent or as a pure fuel. Feedstocks
include rapeseed oil, soy oil and, in smaller quantities,
used cooking oil. New Zealand’s production of tallow,
a clarified animal fat, combined with supplies of used
cooking oil, could be used to produce enough biodiesel
to replace New Zealand’s current conventional diesel
consumption with a 6 percent blend. This would require
no engine modifications and produce no significant
change in vehicle performance. The additional cost at
the pump has been estimated at between zero and
1.2 cents a litre for a 5 percent blend.

would increase the price of LPG less than other fossil
fuels, given its lower emissions, and LPG is already
subject to a more favourable excise duty regime than
petrol and diesel. The New Zealand Police make wide
use of LPG vehicles.
CNG also has lower emissions than petrol and diesel,
but it shows no sign of recovering popularity.
Liquid biofuels produced from renewable biological
products are little used in New Zealand, but offer a
source of transport energy with neutral greenhouse gas
emissions. Burning renewable biofuels produces
greenhouse gases, but these emissions have a neutral
effect on the atmosphere as they are balanced by
absorption of carbon dioxide by the re-growth of the
crops used to produce them. In the National Energy
Efficiency and Conservation Strategy the government has
set an indicative target for renewable transport fuels of
two petajoules a year by 2012 – equivalent to about
1 percent of current transport energy use. Use of both
biodiesel and ethanol could meet this target.

Current production of biodiesel from tallow in
New Zealand is very small, on an experimental or project
basis. The government is developing fuel standards for
biodiesel and investigating policy options for promoting
its use.
… and more efficient, cleaner vehicles
Cars – including taxis, vans and other light vehicles – use
almost 90 percent of passenger transport energy. The fuel
economy of vehicles has improved steadily over the past
century. Internal combustion engines have become more
efficient and vehicle design has helped with better
aerodynamics, drive train efficiency and the use of lighter
materials. But conventional engines remain less than 30
percent efficient, on average, and the overall efficiency of
oil use for transport can be as low as 2 percent.

Ethanol, or ethyl alcohol, can be blended with petrol.
It has a long history internationally, with the major users
being Brazil, which allows a 22 percent blend, and the
United States, which allows 10 percent. A 10 percent
ethanol blend is generally suitable for modern vehicles
without modification or any significant difference in
performance. Net carbon dioxide emissions from a
vehicle using a 10 percent blend are estimated to be up
to 8 percent lower than with petrol. The government has
updated fuel specifications to allow the use of a 10
percent ethanol-petrol blend in New Zealand and EECA
is working with oil companies to facilitate introduction
of the fuel to the market. Sales are expected to begin in
early 2005, at the same price as ordinary petrol.

The recent trend in most western countries has been
for improvements in vehicle efficiency to be offset by
consumer preferences for bigger and more powerful
vehicles, including sport utility vehicles (SUVs). Where
overall fleet fuel efficiency is measured it is generally
staying relatively static.

Current ethanol production in New Zealand from whey
is enough to replace about one sixth of all petrol
consumption with a 10 percent blend. Production could
be substantially increased by using other industrial
by-products and wastes that contain sugar and starch.

The New Zealand vehicle fleet has been transformed by
the removal of vehicle tariffs in 1998. Imports of used
vehicles, mostly from Japan, have expanded rapidly and
now make up about 70 percent of vehicles entering the
vehicle fleet each year. The average age of used imports is
7 years and the car fleet’s average age is almost 12 years.
Fuel consumption information on imported vehicles will
be collected in the future to determine how the overall
efficiency of the vehicle fleet is changing.

Biodiesel can be produced from animal or vegetable fats
and oils. It can be used as a direct replacement for
conventional diesel in unmodified vehicles, but is more
commonly used in blends. Various forms of biodiesel are
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FIGURE 32

Conversion of fuel energy into forward motion in a motor vehicle
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Because New Zealand has no vehicle manufacturing
industry and very limited vehicle research and
development capacity, developing a more efficient and
low-emission vehicle fleet will require effective measures
to encourage uptake of new vehicle technologies from
elsewhere. Low emission, efficient small petrol and diesel
cars are available internationally. New Zealand imports
few of these, but this could change with fuel price
increases and policy measures such as the government’s
programme to provide light vehicle purchasers with
information on fuel consumption.

Seventy to 80 percent of new car purchases are
corporate and government purchases. EECA produces
an Econodrive guide to vehicle choice for fleet managers
and is trialling a software package which enables
managers to track fuel use. It also offers a subsidised
FleetCheck audit service, which assesses the efficiency
of fleet management and defines an action plan for
improvement.
The government has introduced New Zealand’s first
vehicle emission controls, which are being phased in
between 2004 and 2006. These controls will ensure that
all vehicles entering New Zealand are manufactured to
recognised international emissions standards from the
United States, Europe, Japan or Australia. Vehicle
emissions will also be screened as part of regular Warrant
of Fitness or Certificate of Fitness checks. More stringent
requirements will phase in from 2007 to 2008.

Hybrid vehicle technologies, combining internal
combustion and electric motors, also offer significant
gains, with fuel efficiency approaching twice that of
many conventional engines. The technology is available
now in cars and buses, including New Zealand-built
LPG hybrid buses made in Canterbury. The main limits
on uptake of hybrid vehicles are their price and the
difficulty that manufacturers are having in meeting high
demand internationally, which has led to waiting times
for new vehicles.
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FIGURE 33

New Zealand electricity generation
by source, March year 2004
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Electricity generation is predominantly
renewable …

Over time the need for non-hydro generation can
increasingly be met by other new renewable generation
capacity. But this is a long-term transition: current
thermal generation capacity is more than 2500
megawatts, while total non-hydro renewable capacity
totals about 400 megawatts. Total hydro capacity is also
insufficient to meet current demand and thermal
generation is an important part of baseload capacity.

New Zealand’s electricity generation uses a high
proportion of renewable energy by global standards, with
60 to 70 percent of annual electricity production usually
coming from hydroelectric generation. Only 20 to 30
percent comes from thermal generation using fossil fuels.
Because most of New Zealand’s thermal generation uses
natural gas, which is cleaner burning than coal,
greenhouse gas and other emissions per unit of electricity
production are low by world standards.

There are limits, with current technologies, in the extent
to which generation from renewable sources can replace
generation from thermal fuels. Geothermal energy is the
most comparable, as it is not weather dependent. Wind
generation is intermittent, producing full power on
average about half the time. It can therefore take about
200 megawatts of wind generation to match the output
of 100 megawatts of thermal generation. There are also
technical limits to how much intermittent generation
electricity networks can manage. Industrial co-generation
using woody biomass will generally run according to
industrial production needs rather than the needs of the
electricity system.

… generation from fossil fuels will continue for
some time
Hydro generation capability varies with inflows from
rainfall and snowmelt. Hydro managers use storage lakes
to smooth out some of the variability in inflows, but
New Zealand’s total hydro storage is limited. To
maintain secure supply, the electricity system needs nonhydro generation that can run when needed. This need
has largely been met by thermal generation using gas,
coal or oil, which can increase output when required and
when water is short.

For these reasons – and the long economic life of
thermal generation plant – thermal generation is likely
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FIGURE 34

Carbon dioxide emissions from electricity
generation in New Zealand 1990-2025
Historical
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FIGURE 35

Carbon dioxide emission factors of thermal
electricity generation by fuel
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Source: New Zealand Energy Greenhouse Gas Emissions 1990-2003, Ministry of Economic
Development, June 2004. Generation efficiency of 50 percent
is assumed for distributed gas and 35 percent for diesel and coal.

to remain a significant part of the electricity system for
several decades. In that time, technological changes may
determine its longer-term future. Technologies for
capturing and storing carbon dioxide from fossil fuels,
for example, could largely remove one of the main
environmental barriers to their continued use for
electricity generation. Conversely, advances in
technologies for storing electricity or generating it from
renewable energy at the point of use might reduce the
need for thermal fuel use.

Genesis Energy recently decided to proceed with the
385 megawatt e3p gas plant at Huntly, due to begin
operation in late 2006. Ministry of Economic Development
analysis suggests that a significant amount of generation
capacity using renewable energy may be more economic
after e3p than the next major increment of thermal
capacity. However, proposals for new coal generation
that could be commissioned around the end of this
decade continue to be advanced through the resource
consent process by energy companies.

… with a changing balance of fuels and emissions

New Zealand’s largest thermal generation plant, the
1000 megawatt Huntly power station, can run on gas or
coal. With declining gas supplies and rising gas prices,
Huntly switched from gas to coal in 2003.

Gas combined cycle electricity generation is currently
cheaper to build than most other available technologies.
Initial capital costs are low per megawatt of installed
capacity compared to renewable alternatives and coal.
Running costs are higher than for generation using free
renewable energy, but the standard commercial practice
of applying a discount to the longer-term costs and
benefits of investments tends to emphasise the
attractiveness of gas plant.

This change, combined with unusually dry periods
requiring increased thermal generation, has produced a
surge in greenhouse gas emissions from electricity
generation. These emissions are expected to decline again
once the Huntly e3p plant begins producing electricity,
displacing some less efficient thermal generation. New
thermal plant using coal could produce a further increase
in emissions in the longer term.

Electricity industry planning for new capacity in recent
years has included several options for new gas plant, and
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FIGURE 36

Availability of renewable resources for
electricity generation in New Zealand by 2025
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Diesel generation may be used more in future to provide
reserve energy for peaks in demand during dry hydro
periods. The government has constructed such a plant
in Hawke’s Bay for this purpose and the Electricity
Commission may secure more such capacity from energy
companies. The resulting increase in greenhouse gas
and other emissions is likely to be insignificant, as
reserve energy plants will generally be used seldom and
for short periods.

than fossil fuel generation and is likely to make up an
increasing share of capacity over the next two decades,
according to Ministry of Economic Development
analysis.
The assumptions behind these projections (Figure 37)
include moderate economic growth, modest new gas
discoveries, improving energy efficiency and the
introduction of a emissions charge from 2007-08.
Alternative scenarios assuming no new gas discoveries,
higher economic growth, or low energy efficiency
generally project more coal generation from existing
plant and new coal generation becoming economic after
2020, with the overall share of generation from
renewables remaining steady or increasing.

Government policy measures to encourage gas
exploration reflect in part the environmental advantages
of gas over other fossil fuels for electricity generation,
given its lower greenhouse gas and other emissions.
Nuclear power can be used to produce electricity
without greenhouse gas emissions or airborne pollutants,
but is unlikely to be adopted in New Zealand due to
public concern about the risks associated with its
operation and waste management. The cost is also high
compared to other available options.

The government’s policy preference for renewable
generation is reflected in a number of measures to
facilitate its growth. The National Energy Efficiency
and Conservation Strategy includes a growth target for
renewable energy of an extra 30 petajoules by 2012.
EECA is publishing guidelines for local authorities
dealing with renewable electricity generation projects
such as wind farms, and is working with renewable
energy industry associations to develop action plans for
advancing their industries in New Zealand. The RMA
has been amended to require the benefits of renewable

… renewables are likely to grow more strongly
New Zealand still has substantial untapped renewable
energy resources for electricity production (Figure 36).
Generation from renewables is growing more rapidly
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FIGURE 37

Projected economic new power station sequence for New Zealand 2005-2025
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energy and energy efficiency to be considered in regional
and district plan development and in the resource
consent process. The climate change Projects to Reduce
Emissions programme provides Kyoto Protocol carbon
credits for cleaner energy projects and this has already
accelerated the development of wind generation in
particular. The proposed climate change Forest Industry
Framework Agreement between the government and the
forest industry would commit public and industry
funding to a bio-energy programme to increase use of
woody biomass as an energy source in wood processing.
The proposed emissions charge would make renewable
generation more cost-competitive with fossil fuel
generation.

to waterways and disruption to their ecosystems.
Geothermal energy use can be associated with land
subsidence and involves the extraction of toxic and
corrosive fluids. Wind farms in some regions have
attracted strong public support, but can also be perceived
as a visual intrusion and possible source of noise.
The environmental effects of new renewable energy
developments are managed primarily through the RMA,
which has been amended to give more weight to the
benefits of renewable energy and energy efficiency. Local
authorities frequently express a wish for more practical
guidance from central government on decision-making
relating to energy development and the government is
responding to this with its latest proposals for resource
management reform, including development of national
policy statements and standards on infrastructure. The
Local Government Act requires local authorities to take a
sustainable development approach to their activities and
some have responded by adopting regional energy strategies.

… with some new challenges in managing
environmental impacts
All electricity generation technologies have
environmental impacts, including technologies using
renewable energy sources. Increasing use of renewables
will bring overall environmental benefits, but also new
challenges in managing environmental effects.

Increasing the efficiency of electricity use helps reduce
the environmental impacts of electricity production and
use. More efficient power consumption delays the need
for new generation capacity to meet a given rate of
growth in demand and minimises the impacts of existing
plant, such as greenhouse gas emissions.

While the scope for new hydro developments on the
scale of those built in the past is limited, expansion by
means of smaller projects will still involve modifications
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FIGURE 38

Energy use by fuel for industrial process
heat in New Zealand, electricity excluded,
March year 2002
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Industry uses a mixture of fuels …

plants using large amounts of energy. The 17 percent of
total process heat energy used in basic metal industries,
for example, is all used at New Zealand Steel’s
Glenbrook plant.

New Zealand industry makes direct use of a mixture of
fuels to generate high and low temperature process heat.
Altogether this accounts for about 20 percent of
New Zealand’s total energy consumption. Electricity
is also used for process heat, but to a relatively small
extent – about 5 petajoules a year, compared to about
103 petajoules from direct fuel use.

Greenhouse gas emissions from manufacturing have
generally grown steadily, with an average increase of
2 percent a year between 1990 and 2003.
… and could use more coal

Most of the energy for the wood processing and pulp
and paper industries comes from renewable sources. The
wood processing industry makes extensive use of waste
woody biomass. The pulp and paper industry makes
significant use of liquid waste streams and geothermal
energy. The metals, dairy, meat and food processing,
concrete and glass industries are heavily dependent on
coal and natural gas. The industries making extensive use
of process heat generally comprise a small number of

With tight gas supplies and rising prices, large industrial
users such as steel, wood and dairy processing may
switch from gas to coal to secure reliable energy supply
at a more stable price. Smaller industrial gas users, such
as glasshouse operators, may also switch. Increased
industry investment in co-generation, which uses the
same energy source for both process heat and electricity
generation, could also involve increased coal
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FIGURE 39

Energy use by sector for industrial process
heat in New Zealand, electricity excluded,
March year 2002
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consumption. This would increase greenhouse gas and
other emissions from the industries concerned and
possibly foreclose investment in renewable energy
options. At the same time, increased co-generation
would improve electricity supply security.

energy users switching from gas to biomass rather than
to coal.
Natural gas remains a viable and practical fuel for many
industrial purposes and the National Energy Efficiency
and Conservation Strategy continues to promote direct
use of gas. Direct use of gas is more energy efficient and

… but also more bio-energy and gas

produces lower emissions than use of other fossil fuels,

The use of woody biomass in the wood processing
industry is expected to grow, and would be facilitated by
the proposed Forest Industry Framework Agreement
between the forestry industry and the government. This
agreement would commit public and industry funding
to initiatives potentially including a knowledge centre,
machinery development, demonstration projects and
feasibility studies. Biomass energy developments have
also been supported by the climate change Projects to
Reduce Emissions programme. This includes support for

or use of electricity generated with gas.
Increasing concerns about the effects of discharging
liquid organic waste into the environment may improve
the economics of bio-energy options in industries such
as pulp and paper and food processing that produce such
waste in quantity. The government’s New Zealand Waste
Strategy establishes a policy framework for waste
reduction that encourages measures to recover value,
including energy, from the waste stream.
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New Zealand industry uses a mixture of
fuels for process heat, accounting for about
20 percent of total energy consumption.

Industrial plants using large amounts of energy have
strong incentives to improve energy efficiency and
conservation, to cut their energy costs. Some new
technologies that would be beneficial will only be
adopted, however, when existing plant reaches the end
of its economic life.

the basis of information from a forthcoming study on
surface transport costs and charges. Increased government
support and guidance for the development of travel
demand management strategies for urban areas could
improve the travel choices available to people. More
support for telecommuting initiatives in workplaces,
particularly in rural areas, could help reduce travel demand.

Ways forward …

The government could do more to encourage use of
cleaner and low carbon fuels for transport. This could
include more support for the use of LPG and ultra low
sulphur diesel in the short term. In the longer term
increased use of liquid biofuels, particularly ethanol and
biodiesel, could be led by government adopting a more
ambitious target for biofuel use than the current
indicative target of two petajoules a year by 2012.
Supporting measures could include public information
and voluntary agreements with industry for biofuel use
in sensitive environments, given their low toxicity and
biodegradability; increased funding for biofuel research
and development; and mandatory biofuel sales targets for
oil companies. Some countries also provide advantages
for alternative-fuel vehicles such as access to bus lanes or
exemption from congestion charges.

The following is an indication of the range of possible
further measures that could be taken to promote better
environmental outcomes from energy production and
use in New Zealand, building on action taken so far or
following the lead of other countries. Measures to
promote energy efficiency, innovation, and reliable and
affordable energy can also contribute, directly or
indirectly, to better environmental outcomes.
… towards more environmentally responsible
transport
Greater use of public transport could be encouraged,
where it will be efficient, with more public funding and
further investment in infrastructure such as busways and
railway stations. Other countries are increasingly using
road pricing and higher parking charges to shift
passengers from private vehicles to public transport.
Pricing policies that could efficiently increase rail’s share
of passenger and freight transport will be investigated on

The government could lead uptake of more efficient
vehicles by adopting fuel efficiency targets for vehicle
imports. This could be underpinned by public
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information, mandatory fuel consumption labelling of
vehicles, government “green vehicle” purchasing, trade
training for hybrid vehicle servicing, differential
registration fees based on vehicle efficiency, bounty
payments for scrapping old vehicles and funding support
for working trials of new technology such as hybrid
buses. More stringent vehicle emission standards can also
bring fuel efficiency benefits, as cleaner vehicles generally
use less fuel. Developments in hydrogen vehicles could
be tracked through a government technology watch
programme, with early action as necessary to ensure
rapid uptake of commercially viable hydrogen vehicles.

intensity, and use the information to encourage
development of renewables in areas of high potential.
Public investment in research into renewable energy
technologies in which New Zealand has strengths could
be increased and an international sustainable energy
watch could monitor and disseminate information on
developments with potential value in New Zealand
conditions. Continuation of the climate change Projects
to Reduce Emissions programme would maintain
incentives for low or zero emission energy projects.
… and industry
To support the development of cleaner industrial energy
the government could provide stronger incentives for
development of on-site renewable energy, such as
arrangements for investment risk sharing or direct support
through grants or loans. Local government planning
requirements for new developments to include a certain
proportion of on-site renewable energy production, as
above, could also assist. More stringent air and water
quality standards could encourage greater use of
renewable and lower-emission fuels and increased
extraction of energy from liquid organic waste.
Continuation of the climate change Projects to Reduce
Emissions programme would maintain incentives for
new clean industrial energy projects, or improvements to
industrial processes that reduce emissions.

… electricity generation
To accelerate progress towards cleaner electricity
generation the government could provide more specific
guidance for local authorities on best practice in dealing
with proposals for renewable energy development.
Regional and district plans could be specifically required
to encourage development of renewable energy resources,
perhaps including through the setting of regional targets
for renewable energy, as required in the United
Kingdom. Planning authorities could be encouraged to
use their powers to require new developments to use
on-site renewable energy for a percentage of their energy
needs. Government could fund more mapping of
renewable energy resources, such as wind and solar
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4. Energy tomorrow

This section summarises the discussion of
challenges and opportunities in the previous section,
likely and possible changes to today’s energy
situation, and key steps New Zealand could take
to accelerate progress towards sustainable energy.

Global energy*

hybrid vehicles will gain an increasing share of the market
and hydrogen vehicles may begin to be commercially
available. Major urban centres, particularly in the
developed world, will increasingly use a range of policy
and price measures to shift passenger travel from private
vehicles to mass transit and other alternatives. Carbon
storage could develop in the long term as a way of
reducing the climate change impact of fossil fuel use.

Demand for energy will continue to grow …
Global energy use will continue to increase steadily, with
the strongest growth in developing countries. Energy use
by developing countries and economies in transition
could pass that of OECD countries by 2030.
… with increasing demand for energy efficiency

… increasing use of renewable energy

and innovation

Use of renewable energy sources will continue to grow
rapidly, mostly for electricity production. However,
because they are growing from a low base internationally,
renewables are likely to provide less than half the world’s
energy by mid-century, even if a stronger international
consensus develops on addressing climate change as a
matter of urgency. Wind power and biomass will be the
most rapidly growing sources of renewable energy.

Increasing energy prices, driven by rising fossil fuel
costs and the adoption of higher-cost renewable energy
technologies, will increase demand for innovative
energy-efficient products and services. Governments will
increasingly use standards, labelling and price incentives
to accelerate energy efficiency improvement. Demand for
more fuel efficient conventional vehicles will increase,

* Forecasts for global energy trends are based largely on those of the International Energy Agency.
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Global oil production will peak, probably in the
first half of this century, and oil prices could be rising
very substantially by about 2030.

… major challenges to fossil fuel use

impacts of fossil fuel extraction and use will continue.
Increasing use of renewable and smaller energy sources,
such as micro-hydro power, will meet some energy
demand with lower, but not zero environmental impact.

Oil production will peak, probably in the first half of
this century. Oil prices could be rising very substantially
by about 2030. Efforts to find alternative transport fuels,
and more efficient and cleaner ways to use oil, will
intensify. Demand for natural gas will increase over
coming decades as its lower emissions become more
highly valued, and international trade in gas will grow.
Coal consumption will increase slowly, mostly for
electricity generation, but its share of total energy will
gradually decline.

Energy in New Zealand
Demand for energy will grow …
New Zealanders are likely to pay more attention to the
value they get from their energy use as some forms of
energy become more expensive. Overall, however,
demand for energy will continue to grow, particularly
if economic growth continues strongly.

… heightened attention to energy security
Most of the increase in global energy production over
the next few decades will be in the Middle East, Russia
and developing countries. International trade in energy
will expand strongly and become increasingly important
to the developed world and rapidly growing Asian
economies. Along with an increasingly pressing need to
find energy options with low greenhouse gas emissions,
this will increase attention to and concern about supply
security. Growth in the use of renewable energy sources
will begin to diversify the world’s energy supplies, with
some security benefits and new challenges in managing
more intermittent and variable energy sources.

… but energy efficiency could improve substantially
New Zealand’s poor history of energy efficiency means
it has large potential for improvement and rising energy
prices increase the incentives for achieving this. The
prospective benefits include cost savings, reduced
greenhouse gas emissions and pollution, and improved
energy security through reduced pressure on supply.
New Zealand has made a good beginning in promoting
better use of energy through the National Energy
Efficiency and Conservation Strategy, but progress could
be accelerated through a wide range of possible measures,
depending on the level of ambition applied. Substantial
improvements are possible in transport, through management
of demand for passenger travel, more efficient vehicle
technologies and better freight load management. Large
gains are also possible in commercial use of air conditioning
and cooling, appliances, lighting and water heating.

… and continuing environmental pressures
Growth in global energy-related greenhouse gas
emissions will continue, but begin to slow with stronger
international and national measures being taken to
restrain fossil fuel use. Negative local environmental
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New Zealand still has extensive untapped
renewable energy resources.

… and renewable energy could grow still more

The overall potential gains are lower in industry,
although there is still large scope for improvement in
refrigeration and lighting, and in households, although
the efficiency of residential insulation, water heating and
appliances can be improved substantially.

Although its use of renewable energy is high by world
standards, New Zealand still has extensive untapped
renewable energy resources. Making more use of
renewable energy for transport will be the hardest task,
here as elsewhere. Use of liquid biofuels for transport
energy is just beginning in New Zealand, later than
many other countries, but local production of ethanol
and biodiesel have promise. Electricity production could
increase its already high use of renewable energy. Wind
power has begun to expand rapidly, from a low base, and
potential generation capacity is estimated at up to 30
times current capacity. Untapped geothermal generation
potential is estimated at more than five times current
capacity and interest in geothermal development is
increasing. Few options remain for large new hydro
projects but hydro generation is likely to continue
expanding by way of small to micro developments. Use
of woody biomass has potential for home and commercial
heating, for example, in pellet burners. For industrial
energy and co-generation of electricity, particularly in
wood processing, woody biomass use has the potential to
expand at least four-fold, remaining a small but useful
energy source.

… innovation could be strengthened
New Zealand is a small player in global energy
innovation and needs to be a fast follower in taking up
and adapting innovation from elsewhere. Although its
record in doing this is not strong, the conditions for
improvement are developing as consumers pay more
attention to energy costs and the government focuses
attention on innovation. New Zealand has niche
strengths in energy innovation that could be further
developed, including in hydroelectric and geothermal
systems, biotechnology for biofuel production, and
information and communications technology for energy
management. Energy research investment is modest and
could be better focused on niche opportunities and
better coordinated with sustainable energy objectives.
The changing social drivers of energy use need further
research. New Zealand has made some original
contributions to public policy on energy markets and
climate change, but would benefit from better
coordination and integration of policy development on
sustainable energy issues. New Zealand needs to
continue building stronger global connections and
develop an international sustainable energy watch to
keep up with energy innovation elsewhere, particularly
concerning developments such as hydrogen energy and
carbon storage.

New Zealand faces fossil fuel challenges too …
Peaking global oil production will have a strong impact
in New Zealand, as in the rest of the world. Natural gas
supplies from New Zealand fields might not meet
demand beyond about 2012 and prices are rising.
Longer term supplies could come from new discoveries
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New Zealand is a small player in global energy
innovation and needs to be a fast follower in taking up
and adapting innovation from elsewhere.

or imports of LNG, probably at a still higher price.
Continuing use of gas for electricity generation and
commercial and household energy is likely, but use for
methanol production may cease. Coal use is likely to
remain low by world standards, but coal will remain a
back-up source of energy for industry and electricity
generation. Coal use for electricity generation may
increase with new plant built around the end of this
decade or later, if gas discoveries are low and coal proves
more economic than LNG.

management of the national grid and distribution
networks. In the long term fully renewable electricity
generation is possible, but it is not yet possible to estimate
when, at what cost and with what technology mix.
… and a new range of environmental pressures
Global action to reduce greenhouse gas emissions is not
yet approaching the level that will appreciably reduce the
threat of climate change for New Zealand. New Zealand
has begun implementing measures to reduce its own
emissions, but it remains unclear how it, like the rest of
the world, will get emissions onto a steady downward path
in the long term. Wider global participation and more
significant action will be needed over coming decades.

… new energy security options and risks
New Zealand’s options for securing more reliable
transport energy, in the face of likely global oil price rises
and security risks, are limited. Development of
renewable biofuels offers a negligible improvement in
supply security in the foreseeable future, but may prove
useful in the long term. Increasing use of LPG for
transport could offer advantages in the interim. Imports
of LNG could supplement supplies from New Zealand
fields if efforts to accelerate gas exploration do not bring
new discoveries. New Zealand’s coal reserves will be an
enduring source of resilience in the energy system. In the
electricity sector New Zealand is already dealing with
some of the challenges other countries will face with
increased use of renewables. The calculated provision of
reserve energy will reduce the risk of power shortages
arising from hydro shortfalls in extreme dry periods. So
will a gradual increase in diversity in electricity
generation, as the expansion of other renewables slowly
erodes the dominance of hydro. More distributed and
smaller generation will require more sophisticated

More use of cleaner and renewable transport fuels, more
fuel efficient vehicles, more public transport, and smarter
travel choices will be needed to moderate the environmental
effects of transport energy use. Continuing growth in the
use of renewable energy sources for electricity generation
will moderate the overall environmental impact of
growth in electricity consumption, but there may be
pressure for substantial new coal generation around 2020
if supplies of New Zealand gas or imported LNG are not
competitive. Industry is beginning to face cost pressures
to shift from gas to coal for generating process heat,
although use of woody biomass offers an increasingly
feasible alternative in some areas.
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Postscript: Energy in New Zealand
– a possible future

The future shape of New Zealand’s energy system
will be influenced by key energy choices yet to be
made, many of which have been discussed in this
document. It will also be influenced by innovations
and technology changes we cannot predict. This is
a speculative “snapshot” of what the future could
hold in about 2020 …

• Continued reliance on oil as New Zealand’s dominant

• Increased overall use of electricity, with households

energy source, mainly for transport, but – in response

still predominantly reliant on supply through the

to higher and more volatile petrol prices, road tolls,

national grid but increased commercial and industrial

congestion pricing and emission controls – much

use of on-site generation, particularly co-generation

greater use of small, hybrid and other fuel-efficient

supplying both power and heat.

vehicles; increased use of public transport and other

• Much more use of renewable energy for electricity

alternatives to solo driving, such as ridesharing,

generation, particularly from wind, geothermal, small

walking, cycling and telecommuting.

or micro-hydro, biomass and waste; some new high-

• Increased use of domestically produced biofuels,

efficiency natural gas-fired generation; some new coal-

blended with petrol and diesel, in response to concern

fired industrial co-generation; continuing use of coal

about climate change, volatile international oil prices

in the refurbished Huntly plant for reserve energy and

and continuing uncertainty about oil security; higher

back-up to hydro in dry periods.

government and private investment in development

• A continued critical role for the national grid and

of biofuel sources including crops and waste conversion.

local line networks in distributing power from large

• Development of some new medium-sized natural gas

power stations, but some reconfiguration of both the

discoveries and investment in new pipelines to connect

grid and line networks to enable them to handle

them to the existing distribution network.

intermittent flows of power from new distributed
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•

•

•

•

•

generation, including industrial co-generators selling
surplus power at peak times or when their production
needs are reduced.
Much more active use by electricity retailers of
demand management and load shifting arrangements
with commercial and industrial customers, to increase
off-peak demand, backed up by sharper differences in
peak and off-peak pricing for all customers; active
trading in an electricity futures market.
Increased commercial and industrial use of energy
management systems in buildings and industrial
processes, making use of smart metering, and a more
active and sought-after energy service industry
providing advice on such systems and other energy
efficiency and conservation opportunities.
In homes, much improved insulation and energyefficient heating and cooling systems, such as heat
pumps and low-emission woodburners; more
attention in new house design to thermal efficiency;
significantly increased use of solar water heating,
particularly in new houses and high sunshine regions;
greater use of smart metering in households, to take
advantage of sharper differences in peak and off-peak
electricity prices; and better thermal storage
technologies for water and space heating.
More consumer demand for low carbon products and
services, including energy, driven by more widespread
awareness and concern about climate change and
stronger regulatory pressures to reduce greenhouse
gas emissions.
More public and private investment in energy-related
research and development, including product and

system trials, particularly in niche areas reflecting
New Zealand capabilities and opportunities, such as
hydro generation efficiency and micro-hydro
generation, geothermal energy, co-generation using
wood waste, wind generation in gusty conditions,
IT-based energy management and energy-efficient
building materials.
• More collaboration in the energy sector, through a
range of partnerships between central government,
local government, business, industry organisations
and non-governmental organisations, including new
organisational structures and forums for information
sharing, industry and regional development and
strategic planning.
• Growing use of hydrogen fuel cells overseas, and to a
limited extent in New Zealand, for static uses such as
energy storage to maintain high-quality electricity
flows for major information technology systems.
• Active debate over whether New Zealand should be
preparing to adopt hydrogen vehicles and carbon
dioxide capture and storage from burning coal.
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Glossary

BIO-ENERGY: Energy derived from the use of biomass.

DISTRIBUTION: The transport of electricity through a local

Bio-energy technologies can generate electricity by

network of low voltage power lines. Distribution
networks connect electricity users with the national grid.

burning biomass in its solid form or by converting it
to gas (biogas) and burning the gas.

EMISSIONS CHARGE: A charge applied to fossil fuels and

industrial process emissions to reflect, in some measure,
their environmental costs.

BIOMASS: Any organic matter that is available on a

renewable or recurring basis, including dedicated energy
crops and trees, agricultural food and feed crop residues,

ENERGY INTENSITY: Energy use per unit of gross domestic

wood and wood wastes, animal wastes and other waste

product.

materials.

FOSSIL FUELS: Coal, natural gas, liquefied petroleum gas
(LPG), crude oil and fuels derived from crude oil,
including petrol and diesel.

COGENERATION: The use of a single primary energy source

to produce both industrial process heat and electricity.
CONGESTION PRICING: Charging road users for driving

FUEL SWITCHING: The use of different energy sources or
fuels to achieve the same energy services.

during peak periods, or within defined areas, to reduce
traffic congestion.

GROSS DOMESTIC PRODUCT (GDP): The total market value of the

goods and services a country produces in a year.

CONSUMER ENERGY: The amount of energy used by

consumers, excluding energy used or lost in the process

GREENHOUSE GASES: Gases in the Earth’s atmosphere that

of transforming primary energy into other forms – such
as electricity – and transporting it.

trap heat from the Sun and make the planet’s surface
warmer.

DEMAND-SIDE MANAGEMENT: Methods to manage energy

NATIONAL GRID: The high voltage transmission network

demand, including energy efficiency, load management

that transports electricity throughout the country. The
grid has more than 12,000 km of transmission lines,
carrying electricity from generators to distributors and
directly to some major industrial users.

and fuel switching.
DISTRIBUTED GENERATION: Any electricity generation facility

that produces electricity for use at the point of location,
or supplies electricity to other consumers through a local

INTERNATIONAL ENERGY AGENCY (IEA): An international

lines distribution network.

organisation established within the framework of the

70

MED 9137 Sus Energy (Scitronic)

21/10/04

5:18 PM

Page 71

Sustainable Energy | 2004

OECD as an agency for energy cooperation between
26 member countries, including New Zealand.

PROJECTS TO REDUCE EMISSIONS: A government programme

providing Kyoto Protocol carbon credits to projects that
will reduce New Zealand’s greenhouse gas emissions
during the Kyoto Protocol’s first commitment period
(2008-2012).

KYOTO PROTOCOL: A 1997 international agreement to

address climate change which sets greenhouse gas
emission targets for developed countries. A subsidiary
agreement to the United Nations Framework
Convention on Climate Change.

RENEWABLE ENERGY: Energy produced from sources that are

not depleted by use, or which can be renewed after use,
including solar, wind, hydro, biomass, tidal, wave, and
ocean current sources. Geothermal energy is considered
renewable, although geothermal fields can be depleted if
fluids are extracted at a higher rate than they are replenished.

LOAD MANAGEMENT: Measures to reduce electricity demand at
peak load times or to shift some of it to off-peak times.
NEGOTIATED GREENHOUSE AGREEMENT (NGA): A voluntary

contract between a business and the government that
requires the business to follow an agreed pathway to
world’s best practice targets in the management of its
greenhouse gas emissions, in return for a full or partial
exemption from the emissions charge.

UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE
(UNFCCC): A 1992 international agreement to address
climate change that includes a range of non-mandatory
commitments by member countries. Followed by the
Kyoto Protocol.

ORGANISATION FOR ECONOMIC COOPERATION AND DEVELOPMENT

UNITED NATIONS INTER-GOVERNMENTAL PANEL ON CLIMATE CHANGE

(OECD): An international organisation with 30 member

(IPCC): An organisation established in 1988 by the
United Nations Environment Programme and the
World Meteorological Organisation to assess the
scientific, technical and socio-economic information
relevant to understanding climate change.

countries which acts as a forum to discuss, develop and
refine economic and social policies, based on a shared
commitment to the market economy and pluralist
democracy.
PHOTOVOLTAIC: A solar energy technology that uses
semiconductor materials to convert sunlight directly into
electricity.

WHOLESALE ELECTRICITY MARKET: A computerised trading

system enabling electricity purchasers, including retailers
and large power users, to buy electricity off the
generators. It includes a half-hourly spot market, longerterm contract markets, and security and reserves markets.

PRIMARY ENERGY: Energy extracted from natural sources,

by contrast with consumer energy.

71

MED 9137 Sus Energy (Scitronic)

21/10/04

5:18 PM

Page 72

Sustainable Energy | 2004

Selected bibliography
Assessment of technological options to address climate
change; Imperial College Centre for Energy Policy and
Technology (2002): www.iccept.ic.ac.uk

National Energy Efficiency and Conservation Strategy;
Energy Efficiency and Conservation Authority (2001):
www.eeca.govt.nz

Availabilities and Cost of Renewable Sources of Energy For
Generating Electricity and Heat; East Harbour
Management Services, (2002): www.med.govt.nz

New Zealand Energy Data File; Ministry of Economic
Development (2004): www.med.govt.nz
New Zealand Energy Greenhouse Gas Emissions
1990-2003: Ministry of Economic Development
(2004): www.med.govt.nz

Creating Markets for Energy Technologies; International
Energy Agency (2003): www.iea.org
Eco-efficiency: Creating more value with less impact;
World Business Council for Sustainable Development
(2000): www.wbcsd.ch

New Zealand Energy Outlook to 2025; Ministry of
Economic Development (2003): www.med.govt.nz
New Zealand Transport Strategy; New Zealand
Government (2002): www.mot.govt.nz

Electricity, Energy and the Environment; Parliamentary
Commissioner for the Environment (2003):
www.pce.govt.nz

New Zealand’s Energy Future: A sustainable energy supply
after Maui; Centre for Advanced Engineering (2003)

Energy efficiency: The government’s plan for action; United
Kingdom Department for Environment, Food and Rural
Affairs (2004): www.official-documents.co.uk

Our energy future – creating a low carbon economy; United
Kingdom Department of Trade and Industry (2003):
www.dti.gov.uk/energy

Energy efficiency and the environment: A guide to the
analysis and removal of obstacles; Organisation for
Economic Cooperation and Development (1991)

Policies to enhance sustainable development; Organisation
for Economic Cooperation and Development (2001):
www.oecd.org

Energy for Tomorrow: Powering the 21st Century; United
Kingdom Department of Trade and Industry (2001):
www.foresight.gov.uk

Population and Sustainable Development 2003;
New Zealand Government (2003): www.msd.govt.nz
Renewable energy…into the mainstream; International
Energy Agency (2002): www.iea.org

Energy needs, choices and possibilities: Scenarios to 2050;
Shell International (2001): www.shell.com

Renewables for Power Generation: Status and Prospects;
International Energy Agency (2003)

Energy Policies of IEA Countries: New Zealand 2001
Review; International Energy Agency (2001)

Securing Australia’s Energy Future; Australian Government
(2004): www.pmc.gov.au/energy_future

Energy Policy Framework; New Zealand Government
(2000): www.med.govt.nz

Statistical Review of World Energy; BP (2004):
www.bp.com

Environmentally Sustainable Transport; Organisation for
Economic Cooperation and Development (2000):
www.oecd.org/home

Sustainable Development for New Zealand: Programme of
Action; New Zealand Government (2003):
www.beehive.govt.nz

Generating Growth: Infrastructure; Infometrics (2003):
www.giab.org.nz

The role of IEA governments in energy; International
Energy Agency (1996)

Government Policy Statement on Electricity Governance;
New Zealand Government (2003): www.med.govt.nz

Towards a sustainable energy future; International Energy
Agency (2001): www.iea.org

Growing an Innovative New Zealand; New Zealand
Government (2002): www.beehive.govt.nz

U.S. Energy Scenarios for the 21st Century; Pew Center on
Global Climate Change (2003): www.pewclimate.org

Infrastructure Audit; PriceWaterhouseCoopers for
New Zealand Ministry of Economic Development
Infrastructure Stocktake (2004): www.med.govt.nz

U.S. Technology & Innovation Policies: Lessons for Climate
Change; Pew Center on Global Climate Change (2003):
www.pewclimate.org

Innovation and the Environment: Challenges and Policy
Options for the United Kingdom; Imperial College Centre
for Energy Policy and Technology (2001):
www.iccept.ic.ac.uk

World energy assessment: Energy & the challenge of
sustainability; United Nations Development Programme,
World Energy Council (2000): www.undp.org

Innovation, technology, sustainability and society; World
Business Council for Sustainable Development (2002):
www.wbcsd.ch

World Energy Outlook 2002; International Energy
Agency (2002): www.iea.org

72

MED 9137 Sus Energy Covers v4 21/10/04 5:03 PM Page 4

MED 9137 Sus Energy Covers v4 21/10/04 5:03 PM Page 1

