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“How do New Zealand electricity Prices Work ~ ?”
M-co. The Marketplace Company Ltd (undated)

It is not sufficient to merely balance supply with demand in an electricity
market. There must also be a capability to increase supply or decrease load in
response to any unplanned power system failures. This capability is called
“reserve.”

“The Price of Power & the Need for Deprivatisation
David Palmer (June 1999)

Electricity is a strategic good.....A strategy is needed, with a planning

mechanism attached...We need a national generation plan along with
a management and decision-making system designed to give the best
long-term outcomes for New Zealanders.

There is more profit in scarcity-driven price increases than in
increasing generating capacity.

We need a strategy and a planning mechanism to ensure continued
affordable supply. The market decries planning. Instead it claims to
provide competition that will somehow lead us to wise decisions.

A fragmented industry with competing groups fighting each other
precludes overall planning and co-operation.

“Sustainable Infrastructure: A Policy Framework
Report to the Ministry of Economic Development — New Zealand Institute of
Economic Research (May 2004)

If infrastructure services are to be provided without the disruption caused by
radical changes in price or rapid technological transformation brought about
by force of circumstances, capacity needs to expand in line with expected
demands and/or demand management practices adopted.

There will also be sector specific issues to monitor, such as, in energy
infrastructure, the adequacy of generating capacity and hydro storage to deal
with peak demands and the rate of discovery of new gas reserves to make
good the depletion of existing fields.

36. Whilst recognising that “much water may have passed under the bridge” from the time
the above statements were first issued, it is perceived that the principles enunciated
above deserve to be reviewed as to their continuing relevance to current and future
policy directions on electricity governance and the need for a pragmatically devised
strategic long-term electricity supply development plan, programme and monitoring
review system.
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33.

34.

iii. the national transmission grid should be planned and made available so
as to facilitate the potential contribution of renewables to the electricity
system;

iv. specifications for grid planning processes and approval criteria should
allow grid upgrade plans to facilitate the efficient and timely development
of renewable generation resources, taking into account any difference in
lead times for transmission and generation investment; and

v. The Electricity Commission should investigate the extent to which hydro
and other generation sources can be integrated fully with intermittent wind
generation in order to ensure that the maximum economic potential of
wind generation can be achieved. This work should also include
consideration of the changing role of older thermal generation plant.

Additionally, the New Zealand Energy Strategy formulated by the Ministry of Economic
Development (updated on 24 October 2007) reiterates the point that, for the foreseeable
future, it is preferable for new electricity generation to be derived from renewable energy
sources - except to the extent necessary to maintain security of supply from other
sources.

The Government thus set a target for 90 per cent of electricity to be generated from
renewable sources by 2025 (Wikipedia Encyclopedi; opus cit.). Achieving such a bold
objective requires at a high executive level (a) the well organised preparation of
integrated regional plans for the enhancement of energy supplies and (b) the
coordination and timely implementation of target-led development programmes that are
financially robust and have due regard to appropriate environmental objectives. In that
context, the following views from various past commentators are to be noted:

Energy in New Zealand — Current and Future ”
Hon. Pete Hodgson

Website of the New Zealand Government

(28 April 2004)

We have not had a centrally planned electricity system since the wholesale
electricity market was created in the 1990s. In this system, the government
does not get to draw up a plan laying out what new generation should be
built, where and when.

Decisions about investment in new plant are made by the electricity
companies themselves, based on their assessments of what is
economically viable. In this system, the government does not get to draw
up a plan laying out what new generation should be built, where and
when.....As demand increases and existing generation capacity comes
under increasing pressure, the wholesale price rises. Generators invest in
new capacity when they are sure they can sell the power ...at a price that
will recoup the investment.

The Government is responsible for providing policies that facilitate both
supply security and sustainability (but) ...has not been happy that the
market is working properly.....
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H: DEREGULATION OF THE ELECTRICITY INDUSTRY,
POLICY OBJECTIVES & GOVERNANCE

26. Prior to 1987, the forward planning, generation, transmission, retailing and monitoring of
electricity supplies was undertaken solely by the New Zealand Electricity Department,

which was widely recognised to have been an efficient and well organized body.

27. Subsequently, there was a switch in political direction in favour of the deregulation of
vertically-structured state organizations, on the basis of a general economic theory that
a competitive market operating within a stable regulatory environment and with
reasonable certainty about fuel supplies would keep prices of electricity at a competitive

level and also encourage timely investment in associated infrastructure.

28. However, having regard to unforeseeable and/or periodically imposed constraints over
maintaining sustainable supplies of primary energy sources (e.g. problems arising from
political instability, environmental controls, trade barriers by other nations et alia), it is
open to question as to whether a deregulated system can be fully relied upon to ensure
the proactive and integrated phased development of electricity supplies on a timely
basis at prices that are affordable and also take account of the social, economic and

environmental interests of the community at large.

29. Balancing the demand for and the adequate supply of electricity needs careful
judgment, integrated long-term planning and the timely and coordinated implementation
of associated development projects. It may be seen that such pragmatic
considerations  converge with the Government’s Policy Statement on Electricity

Governance (September 2003), the overall objectives being to:

ensure that electricity is delivered in an efficient, fair, reliable and
environmentally sustainable manner to all classes of consumer. Consumers'
electricity requirements should be met in a manner which is of least-cost to the
economy as a whole over the long term and is consistent with sustainable

development.

30. Achievement of the foregoing objectives, in turn, depend on the efficient use of
resources; prudent risk management; the security of electricity supplies; reduction of
barriers to competition; incentives for the timely and coordinated investment in
electricity infrastructure systems; maintaining downward pressures on electricity costs
and prices; the achievement of climate change objectives; improvement of demand-side
participation in the wholesale market; consumer protection measures; and improved

methodologies for forecasting future demands for and supply of electricity.

31. In the case of New Zealand, it may also be open to question as to how many of the
foregoing anticipated outcomes could be given firm guarantees of achievement on the
basis of (i) a market-led philosophy and general oversight by government of a
deregulated and disaggregated electricity industry comprising ten power generation
companies (see Annex 1); (ii) a diversity of electricity retail distribution companies; and
(iif) a division of policy responsibilities between the Electricity Commission (EC), the
Energy Efficiency and Conservation Authority EECA, the Ministry of Economic

Development (MED) and the Commerce Commission (CC)— see Annex 4.

32. As a follow up to the 2003 Policy Statement on Electricity Governance, a further edition
formulated by the Ministry of Economic Development in 2008 presented the following

well-conceived objectives in relation to renewable electrical energy, namely that:
i. undue barriers to investment in renewables should be reduced or
removed,
ii. the efficient uptake of renewable generation should be promoted,
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24. Palliative initiatives also need to be instigated (a) to enhance the ways by which
electrical energy could be more prudently utilized by the general community for various
purposes and (b), to improve energy efficiency within buildings by means of better
insulation and solar-powered water heating. There might also be some scope for
reducing energy use through changing consumers’ attitudes and habits (e.g. through
publicity campaigns at district and national levels).

THE NATIONAL GRID

25. In the above context, a matter of considerable importance is the co-ordinated and timely
provision of upgraded and new grid transmission lines, relative to the commissioning of
new power plants. In that connection, Transpower New Zealand Limited (TPNZ) is the
state-owned enterprise that owns and operates the National Grid (Figure 4), made up
of over 12,000 km of high -voltage transmission lines and more than 170 substations. It
connects power stations owned by generating companies to substations feeding local
networks that distribute electricity to homes and businesses. Some large industrial
users of electricity receive their power directly from the National Grid. It is also to be
noted that the New Zealand power system is interconnected between New Zealand's
North and South Islands via a High Voltage Direct Current link (HVDC). Projects are
classified as either “backbone” or “regional” projects, as follows:

» Backbone projects which typically increase the capacity on the TPNZ main
220 KV network ; and

* Regional projects that often are site-specific projects, or otherwise involve
lower capacity and regional 110 kV networks.

FIGURE 4 — NATIONAL GRID: MAJOR ELEMENTS
Source : 2009 Transpower Annual Planning Report

(See also Annexes 9A and 9B )
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G : DEMAND FORECASTS

OVERVIEW

23. On the basis of a “Reference Scenario” forecast, issued on 20 December 2005 by the
Ministry of Economic Development (MED), general energy demands (in petajoules per
annum) were predicted to grow at an average rate of 0.6% per annum for the period
2000-2025 (i.e. a 15% overall increase) — see Figure 3 below. In that context,
electricity demands were expected to grow at 1.2% p.a. over the same period (i.e. a
30% increase in total), in relation to which it is to be noted from the table below that in
New Zealand the amount of electricity consumed stood at 10,049 kWh per person in
2006. In turn, the Ministry of Economic Development  (MED) anticipated that new
electricity generation capacity of about 3360MW would be required over the above
period. Against that estimate, Annex 3 fortuitously indicates that proposed new
generation plants might be able to provide additional 5143 MW of power. However,
there are some uncertainties as to target commissioning dates.
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FIGURE 3 : REFERENCE SCENARIO FORECAST OF
ENERGY DEMANDS UP TO 2025
Source: New Zealand Energy Outlook 2025, MED
International Consumption of Energy Oil Products Gas Electricity
(calendar Year 2006) (tonnes per person)  (m® per person) (kWh per person) b4
India 0.09 25 390
China 0.19 33 1,295
Russia 0.65 4,429 4,585
UK 1.25 1,372 6,424
Germany 1.38 238 7,014
France 1.34 19 7,599
New Zealand 1.57 1,014 10,049
Australia 1.82 1,886 12,002
Japan 1.73 26 8,111
Chinese Taipei 1.52 33 8,351
Canada 2.65 5,653 17,196
USA 2.83 1,734 13,584

Source : New Zealand Ministry of Economic Development
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F: CURRENTLY AVAILABLE GENERATION CAPACITIES

19. As of January 2009, the installed generating capacity
New Zealand stood at 8870MW, comprising :

e 58% - hydro power;

* 13% - natural and land fill gas;

* 17% - coal gas,

e 7% - geothermal sources, and
« 5% - other sources, including wind and biomass (Wikipedia, op.cit.).

of all sources of electricity in

20. Overall, electricity is generated by operational plants at 61 locations, key details of
which set out at Annex 1. Also, a list of decommissioned plants is at Annex 2.

21. Generation is dominated by five companies, hamely:

e Contact Energy;

* Genesis Energy;

e Meridian Energy,

e Mighty River Power; and
e Trust Power.

..... additional to which there are six “minor” companies - refer to Annex (1) .

22. Table 1 following sets out a summary profile for each of the above listed major

companies.

Table 1

Major New Zealand Electricity Generating Companies

Company Capacity  Generation

MW GWh

Sl 2.070 11,035
Energy

CencsE 1,977 9,126
Energy

MEELER 2,601 11,914
Energy

Mighty River 1,369 5.954
Power

Trust Power 594 2,018

Source : Wikipedia, the Free Encyclopedia
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18. Accordingly, greater reliance needs to be placed on our own latent natural reserves of
on-shore and off-shore renewable energy resources - along with conservation measures
(e.g. reducing transmission losses by the distributed production of electricity in close
proximity to centres of demand).

The Clyde hydro electric power station (480 MW) — completed in 1992

It is essential for New Zealand to maintain a secure electricity supply. The dominance of
hydro electricity in our energy system has previously given New Zealand relatively
cheap electricity, but there are uncertain prospects over maintaining adequate water
supplies in dry years.

Source : New Zealand Energy Strategy 2007




E: ELECTRICITY SUPPLIES - PAST TRENDS

13. The supply of electricity in New Zealand in general has followed a steady upward trend
over the past two decades (1987 — 2009), as illustrated by Figure 2 below.

14. As noted at paragraph 8 above, over the period 1974 — 1997, electricity demand grew
at a average rate of 2.4% per annum and subsequently at about 1.6% p.a. post 1997. A
key consideration is that in 2009 about 65% of electricity power supplies came from
renewable energy sources such as hydro power, natural gas, geothermal steam, wind
and bio-gas (Transpower New Zealand Ltd, Annual Report 2009).

15. A point of concern, however, is that continuing dependence of about 52% on hydro
electricity (Electricity Sector in New Zealand, Wikipedia, The Free Encyclopedia)
poses a risk during periods of prolonged drought, with resultant peaking of electricity
prices and consequential adverse social and economic impacts. Accordingly, the
procurement of additional water resources for the generation of hydro electricity in
accessible locations with favorable rainfall regimes and geomorphic profiles is a matter
deserving of further investigations (see Part | , page 16).

16. To satisfy forecast escalating demands for electricity (with some added “safety margin”),
new initiatives are required to further investigate the scope for other additional latent
energy sources within New Zealand's territorial limits and the potential generation
capacity of power therefrom — with due regard to such factors as competing demands
upon primary energy sources, development costs of essential new infrastructure,
potential environmental impacts, statutory and other regulatory requirements, public
sentiments et alia.
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NEW ZEALAND ELECTRICITY FIGURE 2
GENERATION BY SOURCE, 1967 - 2008

Source: Wikipedia Encyclopedia, Electricity Sector in New Zealand

17. Other significant matters of concern are the eventual peaking of global oil production
and consequential restrictions on oil-based exports to meet competitive demands from
nations around the world. Overall, there is little room for complacency in New Zealand
(and elsewhere) for continuing high levels of dependency on imported energy sources
over the long term.
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7.

10.

11.

12.

D : KEY ISSUES

Electricity generated by various means for public consumption is an “undifferentiated”
commodity in respect of which a sustainable and regular supply at affordable prices is
essential to support the viability of numerous socio-economic activities.

Electricity generation in New Zealand grew at an average rate of 2.4% p.a. between
1974 and 1997 and subsequently by about 1.6% p.a. between 1997 and 2008.
Renewable energy sources currently produce about 65% of the nation’s electricity
outputs (Transpower Annual Planning Report, 2008).

On the basis of trends over the past 10 years (see Figure 2), it is perceived that — from
a base line of 2006 - demand for additional electricity supplies might increase by about
40% over the next 20 years (i.e. an average of 2% p.a.). Related key issues cover the
potential  long-term  adequacy, accessibility, qualitative  attributes, and
processing/distribution costs of renewable primary energy resources , by which to
provide adequate long-term supplies of electricity over and above electrical energy
derived from remaining accessible and non-renewable resources.

Another aspect for consideration is that the generation, transmission and retail
distribution of electricity are now in the hands of mostly independent market-oriented
service providers (see Annex 1). Whilst recognizing that the application of open-market
principles has a rightful place for enhancing efficiency in the supply of goods and
services, it may be open to question whether such principles can, per se, universally
provide totally effective means to underwrite the long-term security, stability and
sustained provision of adequate electricity supplies relative to escalating demands.

It is therefore a premise of this dissertation that the sustainable supply of electricity in

New Zealand needs to be considered on the basis that the generation, transmission and

retail distribution of electricity are the three principal functions that need to be

orchestrated through the close interplay of such factors as:

» the proportionate range of availability between renewable energy resources, on the
one hand, and non-renewable resources, on the other — from both “on-shore” and
“off-shore” locations;

» the efficiency of suppliers of electricity to meet forecast power demands in timely
and cost-effective ways, taking account also of parallel measures that might
enhance levels of electricity power conservation;

» the degree of allowance made for reserve capacities with regard key installations
and networks, respectively for the generation and transmission of electricity;

» the effectiveness of regulatory authorities to formulate and apply sound policies that
would ensure the timely delivery of sufficient supplies of electricity at equitable
(“fair”) prices relative to costs of production;

» the status of consumers within the general community with regard to income-based
affordability thresholds relating to the consumption of electricity and other essential
needs; and

* the need to minimise adverse environmental impacts that could arise from the
extraction of carbon-based energy resources and consequential processing to
produce expanded supplies of electricity — a principal aim being the reduction of
CO2 emissions that contribute to global warming.

Taking account of the above factors and the variability of potential energy supplies from
natural resources, there will be ongoing needs for rationally directed efforts by which to
carry forward well conceived long-term strategies and carefully phased implementation
programmes to maintain adequate nation-wide supplies of electricity. With that in mind,
it is perceived that there needs to be a broad framework comprising an integrated three-
tiered system for the sustainable production and supply of electricity at strategic ,
tactical and operational levels (see Part L below).
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supplies at national, regional and district levels there need to be logically devised
“forward rolling” programmes to achieve the integrated development of new electricity
power projects by assumed target dates (see Parts K and L below). The successful
achievement of required tasks will rest upon steadfast intent, practical innovation and
the combined endeavours of experienced and skilful personnel, adequately backed up
by technical and financial resources, good management support and sound leadership.



C : SOME POINTS OF CONCERN

Extracts from “Lights Out” by Nick Venter
(The Press - Your Weekend - 6 December 2008)

5. From the above newspaper article by Nick Venter, some points of concern relating to
the supply of and demand for electricity in New Zealand are as follows:

Once upon a time, ensuring New Zealand homes and businesses had
sufficient electricity was the responsibility of ...... the Ministry of Energy. It
operated the dams and gas and coal-fired stations that produced electricity
distributed ... to the local power boards and councils that sold it to
consumers. New stations were planned up to 30 years ahead.

In the past eight years (2000 — 2008), the public has been asked to use less
electricity on three occasions and ....... in 2006 the Bluff aluminum smelter,
the country’s biggest electricity user, cut production to reduce the risk of
shortages.

In 2001, the shortage of power was blamed on low lake levels and
unexpectedly high demand for electricity. In 2003, the shortage was blamed
on low rainfall, fuel shortages and the closure of thermal plants for
maintenance and inopportune times.

This year’'s shortage (2008) was again blamed on low rainfall, the
unexpected closure of Contact Energy’s gas-fired New Plymouth plant and
technical problems with the Cook Strait cable.

New guidelines state that there should be 17% spare capacity across the
country (with a 30% margin in the South Island). That is the point at which
the Electricity Commission perceives that the cost of providing greater
security outweighs the economic benefits of having it. Beyond that point, it is
not unreasonable for consumers to be asked to conserve electricity.

The recent shortages are a consequence of market failure .... it does not
encourage generators to build reserve capacity for use in dry years ... supply
is not reliable because the market system encourages generators to keep
the system on the edge of a shortage. (comment by a consultant engineer).

Another expert (not named) says the architects of the electricity market failed
to appreciate the importance of maintaining a strong transmission system
when they created the market. For competition to flourish, generators have
to have easy access to the grid.

There is evidence to suggest that big generators are managing electricity
supply to meet their commercial needs rather than the needs of the country
(comment by a consumer advocate).

State-owned power companies (Transpower, Meridian, Mighty River and
Genesis) have made nearly $4 billion in profits since 1999 and publicly listed
Contact Energy has made $1.4 billion over the same period (comment by
Nick Venter — op.cit.).

6. It may be perceived that the above extracts are symptomatic of steadily growing
concerns over the need to produce and deliver electricity (both in timely sequences and
at affordable prices) to people in general; to business enterprises; and to support a wide
range of other societal activities. For the ongoing provision of additional electricity
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B : WHAT IS ELECTRICITY?

3. A technical definition from the Oxford Dictionary & Thesaurus is that electricity is a form
of energy resulting from the existence of charged particles (electrons, protons etc) either
statically as an accumulation of charge or dynamically as a current. There are yet
several other definitions to be found from various interpretive sources, from which it can
be derived that the key attributes of electricity are that it :

e is avery versatile form of energy.;
e can be generated in diverse ways from many different sources;

e can be transmitted rapidly over long distances and transmuted into other
forms of energy;

e can be stored for use in a wide field of technological activities; and

» provides light, heat, and mechanical power to meet a diverse range of
societal needs.

4. Credit for such benefits is due to both Michael Faraday and Nikola Tesla whose pioneer
discoveries subsequently unlocked the electrical energy potentials of a diversity of
primary natural resources, to be used by the people of all nations.

Michael Faraday (22 September 1791 — 25 August
1867) - the son of a blacksmith and largely self-
taught - became one of the greatest of all scientists.
It was on 29 August 1831 that Faraday made his
greatest discovery - electromagnetic induction. That
breakthrough led to a series of experiments,
outcomes from which are now acknowledged as the
basis of modern electricity technology.

Portrait from the National Portrait Gallery

Nikola Tesla (10 July 1856 — 7 January 1943) was
an inventor and a mechanical and electrical engineer.
He was an ethnic Serbian of the Austrian Empire and
later became an American citizen. He is best known
for many revolutionary contributions in the field of
electricity and magnetism during the late 19th and
early 20th centuries. Tesla's patents and theoretical
work formed the basis of modern alternating current
electric power (AC) systems, including the polyphase
power distribution systems and the AC motor, which
helped usher in the Second Industrial Revolution.

Source: Wikipedia: the Free Encyclopedia




1.

A : PREAMBLE

A primary objective of this report is to present an overview on New Zealand’s future
needs for electricity, which is a matter that has a wide bearing on the economic strength
of the nation and the consequential future welfare of the people. The following
dissertation is oriented towards increasing dependence on the generation, supply and
delivery of electricity from renewable energy resources in preference to the continuing
use of non-renewable carbon-based energy resources (e.g. coal and oil) that produce
green-house emissions, thereby contributing to global warming and concomitant
adverse impacts (see Figure 1 below).

It is also to be noted that other energy demands arise from the growing needs from
public and private transport modes, thus also variously contributing to non-renewable
energy resource depletion and changing global climatic regimes.

FIGURE 1

Solar radiation powers
the climate system.

Soma solar radiation
is reflected by
tha Earth and the
atmosphore.

About half the solar radiation
s absorbed by the

Earth's surface and warms . Infrared radiation is
amitted from the Earth's

DIAGRAMMATIC ILLUSTRATION OF THE GREENHOUSE EFFECT

Source: Google

New Zealand, like the rest of the world, faces two major energy challenges. The first is
to respond to the risks of climate change by reducing the greenhouse gases caused by
the production and use of energy. The second is to deliver clean, secure, affordable
energy while treating the environment responsibly.

(Ministry of Economic Development, New Zealand Energy Strategy to 2050 — Powering Our Future)
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