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Notes:

1.

The report focuses on useable energy at source from renewable energy resources, because this is what is pragmatisielly measura
e  Hydro, wave, tidal and wind useable energy is measasetirect output from the electricity generator.

Solar primary energy is measured as direct output from the collector.

Geothermal primary energy is measured at the well head.

Bioenergy is measured as direct output from the heat plant.

Solar space heatirig not measured.

To allow comparison with other studies the following methodologies are followed:

Electricity
e Primary energy for electricity generation (excluding PV) is useable energy at source plus generator losses.
. Consumer energy from electricityuseable energy at source less 9.5% allowance for transmission and distribution losses.

Heat

Primary energy from bioenergy sources is useable energy at source plus heat plant losses.
Consumer energy from bioenergy sources is the same as useable esengyeat

Primary energy from solar is the same as useable energy at source.

Consumer energy from solar is the same as useable energy at source.

Transport
. Primary and consumer energy is the same as useable energy at source.

Throughout this report, energytieferred to in petajoules (PJ) except for electrical energy which is referred to in glyawat(GWh).
Conversion is 1 PJ = 278 GWh. Where it is useful for comparison purposes both units will be presented. Where PJ amdf&et are
to, these a on a per annum basis.

WACC is the Weighted Average Cost of Capital. This is used to determine the minimum return required of an investmemt, based
inflation and the cost of debt and equity to the project developer/owner.

A long-term average exchangate of NZ$1.00 to US$0.60 was used to derive the cost profiles in this report.

Where the term "source" is used with Figures and Tables, this includes the source, or the data source(s) for the izspeatiValbie.

Disclaimer:
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While every attempt hd®en made to ensure the accuracy of the material in this report, East Harbour Management Services Ltd

makes no warranty as to the accuracy, completeness or usefulness for any particular purpose of the material in thigdréport; a
does not accept anyalvility for errors of fact or opinion in this report, whether or not due to negligence on the part of any party.
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Executive Summary

For the year endindune2005, the Ministry of Economic Development assessed thatP2 (2%) of
total measured primalgrergy used in New Zealand was obtained from renewable energy sources.

This Renewable Status report indicates that an estimaggl2df energy was useab# source, and this

led to an estimatedsD PJ of measured consuri@nergy. The contribution toseable and consumer
electricity, heat and transport energy from each renewable energy form outlined in the report is shown in
Table 1¢ Throughout this report reference is principally made to useable energy at source with reference
only to consumer energyhen referring to the Renewable Energy Target.

Table 1 Renewable Energy in New Zealand (June Year, 260
Useable Energy (Nett) at Source Consumer Energy (Nett) *
Renewable Energy Source Electricity Heat Transport PJ pa
PJ pa PJ pa PJ pa
Hydro 935 84.7
Geothermal (Electricity) 60.8 2.8 11.0
(Direct Use) 146 14.6
Wind 19 1.7
Bioenergy (Woody Biomass) 5.0 313 0.0 35.9
(Municipal landfill, sewage) 01 0.2 0.0 0.3
(Foodprocessing/Agricultural) 0.0 1.6 0.0 1.6
Solar (Hot Water) 0.2 0.2
(Photovoltaic) 0.01 0.0
(Space Heating) Not Measured
Sea Energy (Wave) o 0
(Tidal / Ocean Curreh o 0
SUBTOTAL RENEWABLE ENERGY 161.4 50.6 0
GRAND TOTAL RENEWABLE ENERGY 212.0 1500

* Electrical transmission and distribution losses c6%.
# Ethanol containing 0.43 PJ of energy is produced from renewable energy sources but not incgtudad aet
generally used as an energy product.

! primary energy is energy as it is first obtained from natural sources.

2 The report focuses on useable energy at source from renewable energy resources, because this is what is
pragmatically measurable.
Hydro, wave, tidal and wind uable energy is measured as direct output from the electricity generator.
Solar primary energy is measured as direct output from the collector.
Geothermal primary energy is measured at the well head.
Bioenergy is measured as direct output from the heat.pla

e Solar space heating is not measured.
3 Consumer energy from electricity is useable energy at source less 9.5% alléovarureversiontransmissiorand
distribution losses.

e o o o

* Table 1 summarises the information outlined in the re@anme of the datdiffers from that in the Ministry of
Economic Development Energy Data File as this report uses some more recent information on bioenergy sources.
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This report summarises changes in the use of renewable energy for the period betwaeA®B0G is
estimated that since 20@baseline for the 30 PJ Renewable Energy Target) an addifiarz? PJ of
rerewableenergyhas been installed A further15.27 PJ of renewable energy is under construction or
committed and4.33PJ under serious investigatiqWind energy forms the bulk of the developments)
This transfers into an equivalent of 10.22 Pdasfsume energy which has been installed, 13.77 PJ under
construction or committed and 30.9 PJ under serious investiga@tierreport does not attempt to predict
the uptake of renewable energy by 2012.

Hydro

In the period from January 2000 to December 2@@prximately 745 GWh (2.68 PJ (2.44 PJ
consumer)) of additional hydro generation has been commissiorseednder construction.

Hydro is a mature technology but new ways of applying the technology, while meeting appropriate
environmental and community conidits, have resulted in most new projects being enhancements, small

or outof-river canal type projects, with modular generating plant. River impoundment schemes with
water storage have not been attractive because of the need to purchase substaofi¥ddeaResidual

river flows are now a major determining factor of scheme size and acceptability.

The report estimates thahere is 4260 GWpa(15.3 PJ) oturrently untapped hydro resource that could

be developed in the future at estimated costgpabd 0c/kWh but current community concerns make it
unlikely that investors would investigate opportunities until they can have more certainty of outcome. A
way to reduce risk is to invest in small or mini schemes for niche electricity generation.

Interest in new hydro opportunities is increasing but because of the expense of investigations and the lack
of certainty of outcomes when seeking resource consents, only large asdediénergy companies are
undertaking serious investigations of opportunitteat will contribute significantly to additional
renewable energy. The cessation of Project Aqua investigations has demonstrated the level of concern
developers have about the lack of certainty over water ritigsisk to investmentind also the potéal

for higher costs when detailed investigations of site conditions are made. Renewed resource consents and
changed Regional Plans are putting further constraints on existing developments such as those involving
Wanganui waters and the Waitaki Rivertsys.

Increasing interest in mini and microhydro schemes is occurring and this is expected to broaden as the
cost of energy from fossil fuel sources increases.

Geothermal

In the last yeab3.4MW (444 GWh pa) of electricitygeneratiorand a small amount dfeat capacity has
been installed giving an additiortal60PJpa(1.45PJ consumer) of energy from geothermal investments.
An additional3.75 PJ pa (3.39 PJ consumisrlunder construction or committedrilling is occurring
with a view to loading up existy underutilised capacity by a further 1.65 PJ pa (1.50 PJ consamaeit)
has been estimated thafuather 0.45 PJ pa (0.41 PJ consuneebeing progressed for development.

Geothermal energy has provided a steady stream of electricity since the ll@5@sw investment
initiatives have languished in recent years initially because of the availability -@ilstwgas alternatives,

and more recently becausempanies were building up expertise and development portfolios, or were
pre-occupied in securingngoing access to steam for existing developments. There have always been
community precautionary concerns about possible extractive effects on other resource users. To provide
greatercertainty for developers and communities more recent developmentbdevéased on a limited
proportion of a fi el ditraughgtamedeevdlopracht. sust ai nabl e ou

5 EHMS - 2004
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Geothermal energy has principally been useddarocess heating (worl dos
application at Kawerau), electricity generation, ocwmencial, recreationaland community heating.
Significant further opportunities in these areas remain along with greater use for direct industrial heating
such as has occurred for the Mokai glasshouses.

Barriers to an increased focus on direct heatiegins will be:
a) the cost of well drillingand resource development which are generally beyond the means of
smaller businesses that could offer a large number of opportunities,
b) associated resource risks, and
c) the need to locate the industrial procesg hpalicationsrelatively close to the geothermal field
with associated land access issues

Geothermal energy could also provide significant additional energy from deep heat or hot rock sources
but this is still in the development stage internationallyisnahlikely to be economitn New Zealand for
someyears. Small geothermal heat pumps are becoming more common in Edifopanticipated cost

of extraction of energy from these sources will be a major barrier to investigation and eventual
investment though it could be noted that such developments are already considered commercially
attractivein countries where government subsidies are available

While there appears to be niche opportunities for geothermal heat pumps in New Zealand, barriers to
uptake nclude lack of awareness of the option, and a lack of experienced installers.

The lack of development rights or exploration licences is a major barrier to exploration of new resource
areas. Developers have been frustrated by difficult land access negesigirior to seeking consents.
Reconsenting of existing developments has proved frustrating

Wind

Investment in wind energy projects is growing as projects using large electricity generating turbines are
becoming economic. In the ldsur years131 MW (526 GWh, 1.89 PJ) of gridonnected capacity has

been installed and an additional 217.5MW (820 GWh, 2.95 PJ (2.66 PJ consumer) have consents or are
under construction. An assessed 9.56 PJ (8.6koR3umer) of sites are being progressed for
development. Most other good largecale sites are under some degree of investigation. Investment in
some of these sites with very high wind speeds is, however, constrained by transmission requirements
from isolated locations, and the need to address a wide ramgenaiunity concerns to perceived noise
issues and changes in landscape values.

Some wind energy projects in New Zealand are being developed in conjunction with similar
developments in Australia with economies of scale reducing costs for New Zealand émigstm

Small wind turbines (<5kW) are currently not economic for grid connection but with increasing energy
prices may become economic for many niche opportunities post 2007. In particular these could arise for
rural or distributed industrial applicatioas electricity distribution lines age and become more expensive

to maintain or upgrade.

Internationally, new wind developments are occurring asbéfre locations. While this is a trend that
could be expected to also occur in New Zealand, different dealpelitions and generally unfavourable
sea depthsand the additional costs for eshore installation will likely result in low uptake of this option
in the foreseeable future.
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The value of wind energy can often be enhanced by the synergies of lin&ingrifirm® wind energy
with hydro storage, essentially using the hydro storage as a battery for the wind energy. This is an area
where opportunities can be expected to arise.

Bioenergy

In the lastfive years an additionad.5 PJ of mainly heatenergy ha been obtained from bioenergy
investments.

Energy from solid or liquid biomass is well established and uses proven technologies. Currently most
bioenergy comes from process waste woody biomass and this is not expected to change. Other than in the
pulp and paper industry little bioenergy currently comes from the processing of liquid manufacturing
waste (meat processing, dairy processing, sewage).

Bioenergy is currently used principally for heat production. Unless in a cogeneration application, it is
currently uneconomic to generate electricity fré@moenergy and even with generatiornthe economics

are marginal unless the scale is largWith the increased cost of other sources of energy for generating
electricity, analysis shows that generation of eleity from bioenergy may become more attractine
future.

Woody biomass from forest processing waste is already in short supply in some regions and, as the cost
of energy increases throughout the decade, forest residybecome economic for use as &IfuWith

the amount of forest residue available it is unlikely that purpose grown short rotation crops will be an
economic source of energy for some years, other than as a backup source of fuel.

Waste woody biomass is usually utilised-site with minimal preparation into a fuel form. By
processingsawdustinto a pellet form the opportunities for gaining higher value by delivery to other off
site usersreenhanced.

While processing of municipal solid wagteenergy via combustion is technicafipssibleand can meet
required air emission conditions, the cost of processing the refuse into a form suitable for use as a fuel
and the need to still handle the Prasmbustible materials is still the biggest barrier to greater use of this
technology. However, asommunities become concerned about the location of landfill sites, greater
interest is expected to be taken in these opportunities.

Extraction of methane gas from landfills occurs in 12 sites in New Zealand. As new landfills are built
they can be desigdeso that gas from decomposition of the waste is collected. Extraction of landfill gas
has proven to depend on good landfill design and management, and due to concerns over landfill gas
emissions, the mandatory capture of landfill gas from large larsitiéls is required by The National
Environment Standard. The Standard came into forcé"dBc8 2004 for large current operational (or
future) landfills requiring all gas to be destroyed (flared or used for heating or electricity generation).
Several concils are presently investigating the use of landfill gas.

Processing of liquid organic waste from industrial plant (e.g. meat and food processors) or dairy sheds is
an untapped source of energy that is currently little utilised. In some regions of Hwdeommunity
concerns about receptive land or waterways is creating a tightening of environmental discharge conditions
and this is increasing the need for research into appropriate technologies. Rrneggincreases
combined with the environmentaligrs is improving the economic benefits of implementation.

Ethanol production has been undertaken from dairy procepsodyct for a number of years. With the
removal of barriers for the introduction of ethanol as a blend with petrol for use as artrémsipthe

5 Within the report energy is referred to as being-fion if it is not controllable in termsf quantity because of
wind or tide pressure fluctuations etc. However, the energy may be reasonably predictable as can occur with tides
and wind. .
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opportunity exists for increased production of ethanol from renewable energy s@oeesament has
signalled that it wishes ethanol blend petrol to be available by 2008. Limits of a 3% blend are being
sought by the automotive importer3he use of biodiesel is common overseas and there are very few
technical barriers to its introduction in New Zealand. To date, the majority of barriers to the use of
renewable transport fuels are policy and commercial issues and significant progress imauknig

these areas. The most feasible feedstock for biodiesel production in New Zealand is tallprodubty

of the meat industry, and there is already one pilot production facility operating locally using this
feedstock.

Solar

Annual installation ofsolar water heating systems has increasetumber by over 250% and areg
over 9006 throughoutthe lastfour years and currentl®.2 PJ of electricity otherwise needed for heating
water is avoided annually. Interest in solar water heating is chafigingit being viewed as an
Glternativé energy source to becoming accepted asose mainstream source of energy for heating
water. The growth in installations in residential dwellings is already creating @flomterest for use of
solar energy as ag@heat option for commercial applications.

The New Zealand solar water heating industry has been consolidating its capacity and capabilities
through establishment of quality assurance programmes (Code of Practice, Accreditation, installer
training) by pamering with EECA. Government seed funding for promotion activities has been a
principal initiator for market transformation.

While the worldwide production of electricity from photovoltaic cells éxperiencinga rapid uptake

which will result in signifcant reductions in cost over the next decade, currently photovoltaic cells are
only economic for niche applications. The increased use of photovoltaic cells will depend on
international research and manufacturing capaityeconomies of scale reducingsts. Changes in the
regulatory arrangements for connection to electricity networks, including net metering, will encourage
more gridconnected installations. These changes will lead to an increase in the uptake of photovoltaic
energy over the next few ysawhich could be similar to the high levels of uptake currently occurring
overseagbut from a very low base)

The New Zealand photovoltaic industry has commenced establishment of an action programme aimed at
heightening awareness of applications wheret@loltaic cells could be appropriate. Unit standards for

the training of electricians and service technicians as installers and designers of photovoltaic systems are
under development. When acceptable training courses are available, an accreditation withbe
established to improve the level of confidence in the ability of the industry to implement the technology.

The utilisation of passive solar energy in the design of buildings is a significant renewable energy
opportunity which is difficult to gantify. Its implementation through good building design is well
understood byew architects andewerbuilding developersand notmany new home owners. However,

in practice, many opportunities are lost because of cost concerns. Greater uptaksevef #re housing

stock is replaced, provided education and promotion of the benefits are increased.

Marine Energy

The technologies for extracting energy from sea waves and tidal currents are well understood but can
often be difficult or very expensive implement. Both wave energy devices and moored tidal turbines
are relatively immature technologiswever significant research being undertaken internationally will

be transferable to New Zealaridrst commercial installations can be expected withirdduade.

Generation frombarrageausing tidal rangeequires specific geographic and tidal range conditions, and
involve largescale and expensive construction workkere is little opportunity for this technology in
New Zealand (due to the low tidal ra)gand the adverse impact on local ecological systems such as
mudflats and the wider estuarine environment could be considerable.

7
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The harsh marine environment research undertaken feshoff wind turbinesand the several
demonstration plants in Europan be expected to make a considerable contribution to the development
of wave and tidaturrenttechnologies

Current Position of Renewable Energy in New Zealand

Recent investment decisions by major energy companies demonstrate that the use of remengple

within the New Zealand energy market has reached a position where it is gaining greater acceptance as an
integratedand mainstream energy investment option. The key csif@r this have been the pending
reduction in the availability of gas frometMaui field, with the increasén the cost obil, gas and coal,

the need to reduce greenhouse gaseksthe need for new electricity generation facilities or significantly
enhanced energy efficiency.

Many renewable energy forms are now becoming econpnaipositiors with the result that potential
investors (large and small) are looking to renewable energy as an integral source sgctivegnergy
supply.

Within New Zealand renewable energy investments generally only proceed when investors seethat the
is likely to be an appropriate financial return on their investment. In order to price in public good benefits
of renewable energy (GQeduction, health, employment, sslifficiency, recreation) the Government

has become involved in the sector thiougstablishment of the Renewable Energy Target under the
NEECS currently being revised

Despite the difficulty of financing large projects, the goodwill for renewable energy is evidenced by the
support for projects fAon tsloes aré prépareddodinvesthaad take & o0 me
reduced rate of retur ned Wndfloiwi Atahe deadng edgegob soche pr o
technologies it has been enthusiasts investing largely for benevolent reasons.

The current level of investment in reredle energy projects shows that some renewable energy
opportunities are economic without the use of Government subsidies. However, most require some
additional financial encouragement suctwas demonstrated by the interest in emission credider the
iProj ect t o Reduc e . Hnudditien tleresate remesvable @meigy fiorms that are
uneconomic in most New Zealand applications. Many renewable energy industry players are very small
businesses and do not have the financial resources to &eatak development or promotion and so, left
alone, the growth of the sector will be slow. In order to increase the speed of uptake of some
technologies, support from Government may be required.

The noreconomic barriers to increased uptake of renewatdegg are, however, substantial as they
generally involve community attitudes and aspirations towards the use of resources or perceived effects.

The renewable energy industry in New Zealand has a number of new players who are often small
businesses witlimited experience. It also has areas of previous strength (hydro, geothermal) which have
declining technical capability because of the low number of projects that have been proceeding in recent
years. For both these groups it is difficult to get prej@utestigated and progressed. On the other hand
there are a number of mfized companies that are able to develop commercially sound projects.

The value of renewable energy is also enhanced by the way it is integrated with reliable sources of energy
which are often fossil fuel based (e.g. solar water heating is boosted by electricity or gas in periods of low
sunshine). A sustainable energy maximising objective is achieved through using renewable energy as a
base energy source, and using fossil fudlere they are most valuable as a firming energy source.

Renewable energy technologies have evolved to the point that they are able to supply energy to a vast
range of applications, from micro to maaweeale. For example:
e micro portable systems, providirgnergy for specific high value consumer applications (e.g.
micro PV providing power for calculators),

8
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¢ household/small businessale technologies, providing energy (at the point of consumption) to
consumers (e.g. smaltale wind turbinesgeothermal hdapumps,solar water heaters, PV
systems),

e medumscal e technol ogi es, designed for | ocal a
systems, and

e largescale energy supply technologies, designed for centralised public supply through
commercial energnetworks (e.g. hydro power station).

There is also a wide range of costs associated with renewable energy supply. Cost differences generally
l'ie in the individual characteristics and the 1
impr ovements through technology #fAl earningo, econo

Many renewable energy applications fall into the trap of only being compared against wholesale
electricity prices when they should be emsiyofsi der
applications and t he Aival ue addedo, qui te a wi
circumstances. At one end of the spectrum, famgde centralised supply technologies compete within a
wholesalemarket where energy investors seaknmercial rates of return compared with alternative
generation such as gas or coal fired plants (i.e. typicalk8atkWwh). Towards the other end of the
spectrum, smakscale renewable systems might be competing with the cost of supporting high cost/low
use infrastructure (such as rural power lines, or diesel/petrol generator sets). In those circumstances costs
of 100c/kWh or more for renewable energy systems may still provide an economic alternative. In
between these extremes lies a wide range ofothea ppl i cat i ons, al | having p
which various renewable energy technologies may be competitive.

Many new entrants to the energy market have a very commercial approach and as a result are finding new
conceptual ways of developingreviously uneconomic projects. It is changes in technology and
conceptual thinking that allow ethe-shelf modular plants to be installed in commercially focused
projects. In some energy forms such as hydro, geothermal and solar the energy coplegrisitave

been reducing in size, whereas in wind the improving project economics have been driven by economies
of scale to have larger turbmen higher towers. A value of renewable energy technologies is that
because of often small size, and thus radodin investor risk, renewable energy technologies can be
used for new innovative uses.

Where possible this report has identified the cost of supply for each of the technologies, but the important
point to make here is that the applicability of these scalpends orcontext,i.e. the particular
circumstances of the application, the value added, and other costs avoided.

The most significant barrier to greater uptake of renewable energy has been its cost relative to other
energy sources. As the cost ofraktion of gas and coal increases, and in partiduéacarbondioxide
charge is introduced, renewable energy will become more attractive as a source of energy.

The next major barrier is the access to capital. While by its nature renewable energyvendywha
operating costs, most investment in renewable energy opportunities requires high upfront capital
expenditure, compared with lower capital cost (but higher fuel and other operating costs)-for non
renewable opportunities(Bioenergy is the exceptiom isome circumstancgés Renewable energy
investments have loAgrm operating lives beyond the timeframe for many investors who look for short
periods for return on their investment. While this is not necessarily a major issue fescalgenergy
companies, it is usually difficult to get financiers to recognise the long physical life of the investment.
The lack of a finance market prepared to recognise the value of investment in renewable energy makes it
difficult for small/medium energy providers ansgers to participate.

Renewable energy projeatftenrequire extensive investigation and wide consultation with other parties.
This is costly and is undertaken without any certainty that the project will obtain resource consents and
proceed. Few partiege able to fund such investigation and consultation.
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Community attitudes and concerns towards the locatiosonferenewable energy projectan bea

major barrier to the increased uptake of many opportunities. Often these attitudes are prevallgsregard

of any possible positive effects. Community concerns need to be addressed with factual information.
Obtaining and presenting well researched factual information on possible effects is expensive and often
has to be repeated for similar consent apgibtms. The need to obtain and provide such information
makes investment by parties without large financial resources extremely difficult. Collective preparation
of such information could reduce applicantsé con

Renewable energy iften nonfirm (wind, solar, tidal) and has to be uselden it is available rather than

being available when it is neededhis limits its value andorsequently it is sold at lower prices than

firm controllable energy. Until ways of storing rirm renewable energgr better ways of integrating it

into the markeare developed it will continue to be treated as a lower value prdg@ecthermal, hydro

and biomass energy is however considered firm, and depending on how it is used a baseload supply of
heator electricity.

The size of many renewable energy opportunities is limited by the amount of energy that can be used on
site. It is often difficult to find a buyer for quantities of energy that are surplussdeonse. This limit

on size means that @womies of scale are not achievable. With an inability to find a buyer for surplus
energy, or one that will offer a reasonable price, assuming transmission is not an issue, a number of
potential projects are not financially viable.

The common perceptiom ta t renewabl e energy is fialternativec
considering projects to be high risk. Thus, projects become difficult to finance.

Much renewable energy is very site specific with the result that its conversion into useefarenebe
some distance from where it could be used. The need to convert the energy into a transportable form can
result in additional costs compared with its use on the site of source.

New Zealand has a very small renewable energy research and developpability andftenrelies on

adopting internationally developed technologies. A-fakkbwer approach is very appropriate for the
sectorand funding needs to be focused anonitoring international experiencadapting it for New

Zealand use demongiting its potential, and in particular provide support fapplied
practitioners/ potenti al investors to gain fAhands

New Zealandbs el ectri ci tbasiss Rendwabia techeologemenmain & d on
size that offer small discrete increments to generation (or demand reduction) and so avoid the market
disturbances associated with installation d&rge gasor coal plant. Hence, renewable energy options
havestrategicvalue for existing generatar

10
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1 Introduction

The Energy Efficiency and Conservation Authority (EECA) has a mandate to encourage, promote and
support renewable energy. It is required to research, monitor and publish information on the status of the
renewable energy industry in Nevedand. This report is a third edition of the Status Report prepared in
2006 and has been prepared to help fulfil these requirements.

The report has been prepared by interviewing a number of the key players in the indasigtry
associations, energyompanies, researchers and investors. The report is based on publicly available
information although a number of commercial parties have provided helpful information on their own
current and planned investment intentions. This information has beenntkaccount when reporting

on each technology.

The renewable energy industry has been reviewed on a technology basis as there are a number of different
drivers for each technology. However, t hae ener ¢
not generally technology focused as renewable energy covers many different roles according to consumer
energy requirements.

2 Background

For this review renewable energy is defined very broadly to cover resources and technologies which may
contributetodw Zeal anddés renewabl e energy to 2012.

The review covers all sizes of potential applications and takes into account existing and potential
participants in the renewable energy market. Descriptions of market participants are included in
Appendix B.

Becausef the nature of renewable energy the input resource energy is often not measurable or measured.
The reference to primary energy is often confusing because of this difficulty of measurement. For the
purposes of this report the focus is on the measuuaklble energy at source.

For consistency with other reports primary source energy is also identified where appropriate.

The review of the status of renewable energy has been undertaken within the context of international
renewable energy trends. Inteinaal research and the status of each technology are not explored in
detaili it is assumed that the reader has a familiarity with each technology so only salient points relevant
to New Zealand renewable energy activities are referred to.

3 Literature Summary

The information available to assist the uptake of renewable energy in New Zealand is spread between
websites, reports and general publications. Most recent information is available from the EECA and
renewable energy association websites.

General refeneces of renewable energy are;
e CAE/ EECA, O6Possible Energy UX@ Trends for NZ
e CAE/IEECA 6 Renewabl e Energy Oppo#l®8nities for Ne

e Eden Resources, 6Renewabl e Energy Opportunit
ER-1993

e SKM/ CAE, 0El ectricity ,BAER@RyYy and Demand to 2C

e East Har bour , 6Availabilities and Costs of

Electricity and Heat 6 Report f or-8200de Mi ni stry
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e East Har bo wessing Stiegy:EneR)y Issues for the Wood Processing Sector in NZ,
Report prepared for the Wood Processing Strategy Steering Group,-2602S

Ministry of Economic Devel opmReot, OEnergy Out
Ministry of Economic development, New Zaad Energy Data File, MER2006

S KM, 6Power Generation Opti200ds f or NZ, Report
S KM, iReview of Current and Future Personnel
I ndustryé, October 2005

Other information is available from the EECAhgsi#tewww.eeca.govt.nz

Several regional entities have undertaken regional energy assessments which include renewable energy:
e East Harbour, Southland Regional Energy Assessment, Report for Venture Southland, EHMS
2003
e East Harbour, Tairawhiti Regional Energy Assessment, Report for Tairawhiti Development
Taskforce, EHMS005
e Canterbury Regional Council, O0Canterbury Regi

Specific information on each form of renewable energy is @atlin each relevant chapter.

4  Current Use of Renewable Energy in New
Zealand

4.1 Current Market Use for Renewable Energy

The Ministry of Economic Devel op méidentdied thatMEB) J a|
year ending June 2005, renewable enegycaount ed for 241 PJ (32%) of
primary energy supply (764 PJ).

In 2004/05, 39% of renewable primary energy came from hydro sources, 36% came from geothermal and
25% from other renewable energy sources (Figure 1).

Renewable energyaa be converted into the useable forms of electricity, heat and liquid transport fuel.
The suitability of each renewable energy source for each useable form is shown in Table 2. Table 2 also
shows each renewable energy source where storage is achavéb¥aere other neenergy uses can be
derived.

Within New Zealand renewable energy is used as a principal source of electricity gefiendtéya 73%

was derived from renewable energy sources in 2004/05 (Figureli@ddition53.4 PJ of renewable

enegy was used as a direct source of heat. This is mainly in the wood processing sector where bioenergy
and geothermal sources are utilised.srAall percentage of renewable energy can be found in ethanol
made from dairy waste (whey) but it is not curregéyerally used as a source of liquid transport fuels.

"MED42005 (this doesndt seem a conventional reference
Pagel3


http://www.eeca.govt.nz/

- Third Edition 5 -

A

Waste Heat,
6.6%

Biogas, 0.6%
Wind, 0.8%

Wood, 17.0% Hydro, 39.2%

Geothermal,
35.8%

Figure 1 a) (Above) Renewable Primary Energy for June Year 2(®
b) (Below) Renewable Consumer Energy for June Year 260

Wood
23.6%

Wind
Geothermal 1.4%
10.0%
Waste Heat

0.2%

Biogas
0.1%

64.7%

Pagel4

{ Field Code Changed




.- Third Edition

Gas
17%

Hydro

Renewables
73%
Wind
Coal 1.3%
10% Geothermal
6%
Wood Waste Heat B|ogoas
1% 2% 0.2%
Figure 1c Electricity Generation by Type
Table 2 Renewable Energy Sourceand Their Potential Uses.
Resource Electricity Heat Transport Storage Other Uses
For impoundment -
Hydro Yes No No schemes Irrigation (nonenergy)
Geothermal Yes Yes No Has to be used as Minerals (norenergy), tourism
extracted
Wind Yes No Yes No Minor recreational transport
Biomass (Woody) Yes Yes Yes Yes Potential fuel source for transport,
feedstock (non energy)
. N Has to be used as| Potential fuel source for transport,
Biomass (Landfill Gas) Yes Yes Yes extracted feedstock (non energy)
. . Potential fuel source for tnaport,
Biomass (Food/Agriculture) Yes Yes Yes Yes feedstock (non energy)
Solar Thermal Yes Yes No Yes Thermal plant prédeater
Photovoltaic Yes Yes Yes Batteries Off grid energy (electrical)
Has to be used as| ,,. .
Ocean Yes No No derived Minor recreational transport

* Availability is dependent upon storage lake levels and water use constraints.
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The Energy Data File (Figure 2) shows that for the September year 2005, 235 PJ of primary renewable
energy resulted in 154 PJ of consumer energy.
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—— Transformation

Direct use of

renewable 565 P

energy’
50.65 PJ

19.06PRJ

Losses and

BLOTR)  fwn use due to

transformation®
80.09 PJ

10.08FJ

Gr.02pRJ

[* Other renewables include wind. hiomass. biooas and wastes

Figure 2 Renewable Energy Flow for September Year 2005.
Source: MEDB2006.

Information from industry associations and owners of specific renewable energy plant has been collated
and is shown in Table 3.
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Table 3 Renewable Errgy Used in New Zealand (June Year, 2@).
Energy Used (Nett)at Source Consumer Energy(Nett)
Renewable Energy Source Electricity Heat Transport PJ
PJ PJ PJ
Hydro 93.5 84.7
Geothermal (Electricity 60.8 2.8 11.0
(DirectUse) 14.6 14.6
Wind 1.9 1.7
Bioenergy (Woody Biomass) 5.0 31.3 0.0 35.9
(Municipali landfill, sewage) 0.1 0.2 0.0 0.3
(Food processing/Agricultural 0.0 1.6 0.0 1.6
Solar (Hot Water) 0.2 0.2
(Photovoltaic) 0.01 0.0
(Space Heating) Not Measured
Sea Energy (Wave) 0
(Tidal / Ocean Current) 0 0
SUBTOTAL RENEWABLE ENERGY 161.4 50.6 0
GRAND TOTAL RENEWABLE ENERGY 2120 1500

* Electrical transmission and distribution losses of 5%

# 0.43 PJaof ethanol is produced from renewable energy sources but not included as in 2004 it was not generally
used as an energy product

Components of renewable enenggedat source foeach ofthe five (June)years 2000/01 2004/05 are
shown in Figure 3 Renewable energy use has increased slightly despite the modest increase in installed
capacity. .

It should be noted th&dr pragmatic measurement reasons:

Hydro, wave, tidal and windrimary energy is measured as direct output from the turbine.
Solar primary energy is measured as direct output from the collector.

Geothermal primary energy is measured at the well head.

Bioenergy is measured as direct output from the heat plant.

Solarspace heating is not measured.

The information in Table 3 has been compared with that collected by the MED and published in the
Energy Data File (Figure 3). Areas of difference between the two databasesthadata recently

collected by the Bioenergy Asciation and Forest Research on bioenergy plant actually installed. There

are also differences in the periods data relates to and the presentation of the data. This has been checkec
for consistency. The Energy Data File in their energy balances, aggregs fiown useo0 and
report fAown used has been included in the useabl

the Energy Data File balance accounts for the electricity and not the heat component. The report includes

8 A significant number of the projectaiiined in this report would be embedded and serve to reduce the overall
transmission loss of 9.5% as used in this report. The output from these would provide greater consumer energy,
however specific losses information is not available so the MED stiakses are used.

Pagel7



.- Third Edition

\: Field Code Changed

the he& component using the efficiencies quoted for cogeneration in the Energy Data File. This gives

slightly higher figures in Table 3 than in the Energy Data File.

New Zealand's Renewable Energy Use

220
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—
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June Year Note: Solar Space Heating is not measured.
Figure 3. Renewable EnergyUsein New Zealand (20012005).

Because hydro and to a lessereaxtgeothermal dominate the amount of renewable energy used the
contribution of smaller sources gets lost in the display. To show their contribution Figure 4 has been

drawn in a slightly different way using a logarithmic scale for the annual energy Tisischt first glance
does not give the relevant contribution of each source but closer inspection of the scale does so.
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New Zealand's Renewable Energy Use

1000

O Solar Photovoltaic

@ Bioenergy (Agricultural Waste)

100 = =

W Bioenergy (Municipal Waste)

=
o
T

B Solar Hot Water

OWind

@ Bioenergy (Woody Biomass) Direct Use

@ Bioenergy (Woody Biomass) Electricity

°
-
.

T

B Geothermal Direct Use (Industrial)

Energy Use at Source (PJ p.a.)
=
T

0.01 ~ H O Geothermal Primary Electricity

B Hydro

0.001 + L L T L L L

2001 2002 2003 2004 2005 Note: Solar Space Heating is not measured.
June Year

Figure 4 Renewable EnergyUseShowing Contributions From Each Energy Form

4.2 Total Renewable Energy Uptake Since 2001

The Renewable Emgy Target of 30 PJ of additional consumer energy from renewable energy sources by
2012 is outlined in Appendix AThe target was based on growth from April 2001. Since that time and up
until April 2006 11.32PJof new additional energy from renewableeggy sources has been instaléet
15.27PJcommitted. A further 34.33 PJ of projects are under serious publicly announced investigation.

The annual amount of energyailablefrom installed or committed investments in renewable energy at
source sinceApril 2001 is shown in Table 4 anthe equivalentinstalled or committed renewable
consumer energy capacity Tableda. Energy at source is available for conversion to other energy forms
where as consumer energy is that amount of energy that is direstlyoysonsumers. The difference is
the losses through conversion or transport of the energy.

°A ficommittedod project is one that has consents with
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Table 4 Uptake of Renewable Energyat Source from April 2001, Projects Installed,
Committed and Publicly Announced Investigations (as ahpril 2006).
Installed to April 2006 Committed Publicly Announced Investigations
PJpa PJpa PJpa
Hydro 270 0. 7.2
Geothermal 1.78 5.70 0.45
wind 238 9.57 28.72
Bioenergy 4.9 0 0.0
Solar 0.05 0.00
Transport Fuel 0.00
Total 11.81 15.27 36.37
Table 4a Uptake of Renewable Consumer Energy fromApril 2001, Projects Installed,
Committed and Publicly Announced Investigations (as ahpril 2006).
Installed to Dec 206 Committed Publicly Announced Investigatiors
PJpa PJpa PJpa
Hydro 2.44 0.00 6.48
Geothermal 1.61 5.16 0.41
wind 216 8.61 25.99
Bioenergy 4.4 0 0.0
Solar 0.05 0
Transport Fuel 0
Total 10.66 13.77 32.88

4.3 Price Relativities

Analysis of possible futureenewable energy use in New Zealand is outlined for a range of scenarios in
the report fANew Zealand Energy Outlook to 20250
energy prices and future possible trends is covered in that report.

The MED repor assumes that between 2000 and 2005, the primary supply of gas is forecast to decrease
by approximately 40% (the depletion of Maui Gas). This brings the end of an eracfdbenergy in

the North Island region with flown effects nationally. The MEBnalysis indicates that the subsequent
forecast increased cost of future gas supply could bring forward a combination of wind, hydro and

geothermal electricity generation opportunities in théef&Wh price band as substitutes for gas and coal
(Figure 5).

Analysis undertaken by East Harbour provides an indication of the relative economics for a range of
energy sources.Figure 6 shows cost curves for electricity generation, and Figure 7 curves for heat
production, both of which include a $15/t carborxitle charge.

With the narrowing of the gap between fossil and renewable energy there will now be significant
opportunities arising where renewable energy projects will be financially viable.
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Figure 5 Assumed New Plant Generation Costs.

Note GCC referso Gas Combined Cycle plant
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Source: MEDB2003.
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Source: East Harbo@005
4.4 Possible Future Demand for Energy 2025

The MED Energy Outlookeport shows the result of analysis of possible future energy use in New
Zealand, and is outlined for a range of scendfios

The Energy Outloo® baseline scenario (Figure 8) forecasts renewable primary energy supply to increase
to approximately 315 P?(39.5% of the total primary energy) by 2012. This is an 85 PJ increase above

the 2000 supply. This scenario assumed that Project Aqua (cancelled in March 2004) would proceed
before 201%.

2 MED are producing an updated analysis in July 2006

' MED-2003
2 Note: 2003 Energy Outlook baseline scenario excludes waste and biogas renewable epbrgy sup
3 No more recent analysis excluding Project Aqua has been undertaken.

Page22



ﬂl [ Field Code Changed

.- Third Edition =

1200 ,_‘ M Coal m Oil W Hydro B Geothermal B Gas O Biomass O Wind

2003

1000 +

800 1

600

400

Total Primary Energy (PJ p.a.)

200

0
1990 1995 2000 2005 2010 2015 2020 2025

Figure 8 Total Primary Energy Supply 19902025. Source: MEDB2003.

441  Hydro 2000-2025

The Energy Outlook modelling shows that hydro could be the second largest contributor to primary
renewable energy growth from 2000 to 2025 (approximately 15 PJ (18% growth)). Since that modelling
took place Roject Aqua has been cancelled, so its expected contribution of 5.75 PJ from 2009 and 10.5 PJ
from 2012 will not occur. The generation cost threshold that MED believes could be met from possible
hydro projects is shown in Table 5.

Table 5 Cost of Additional Hydro Generation Capacity.
Timing Total Cost Potential Capacity | Potential Supply
c/kWh MwW PJ pa
Project Aqua (now cancelled) 45 570 116
Medium Cost: 20061 2025 7.0 50 0.9
High Cost: 20067 2025 8.5 280 4.9

Source: MEDB2003.

442 Geothermal 20002025

The MED modelling shows that if all currently known projects were committed then geothermal energy
could be the largest (approximately 50 PJ (45% growth)) contribution to growth in annual primary
renewable energy supply from 2000 to 2025 (Table 6). Howdéwveramount of useable energy from
geothermal sources depends on the application and conversion mechanism employed (direct heat, e.g.
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steam, or geothermal electricity pl&int

opportunities.

The MED analysis does not identify the direct heat

Table 6 Cog of Additional Geothermal Generation Capacity.

Timing Total Cost c/kWh Potential Capacity MW Potenlgj-xlpiupply
2006-2010 4.0 25 0.7
2011-2020 6.2 225 6.5
2021-2025 6.2 380 10.8
2006-2025 8.5 60 1.7

\: Field Code Changed

Source: MEDB2003.
4.4.3  Wind 2000-2025
Wind energyis modelled by MED as possibly contributing approximately 6 PJ extra to annual renewable

primary energy supply by 2025 (Table 7). Of this, 284 MW (4.0 PJ) has already been committed since
the MED report was completed.

Table 7 Cost of Additional Wind Geneaation Capacity.

Timing Total Cost c/kWh Potentiijllvt\:/apacity PotenFt,i\?lpiupply
2006-2010 6.2 190 27
2011-2020 6.2 240 3.0
2021-2025 6.5 250 27
2006-2025 8.5 600 6.5

Source: MEDB2003.
444 Biomass 200€r025

Over the period 2000 to 2025, the cdmition of biomass to annual primary energy growth is suggested
by MED as approximately 15 PJ (40% growth). The majority of biomass energy is contributed by the
wood processing sector and is not costed as it is assumed to be from process waste.

4.5 Market Participants

The renewable energy market is very diverse with many participants for whom renewable energy is only
a small part of their business activities. Other participants whose business is dependent on renewable
energy activities tend to be small busseswith few staff and limited financial resources.

Where participants are an integral part of the industry capacity and capability they are referred to in the

sections on specific renewable energy sources. Where they are a government agency or aoniyyesto
they are referred to in Appendix B.

4.6 Government Renewable Energy Initiatives

SeveralGovernment potiies which have an effect on renewable energy are described in Appendix A of
this report. The four key government policies that impact on the upta&eewable energy are:

14 MED assumes 15% efficiency for geothermal electricity generation.
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4.6.1  Sustainable Development Programme of Action

As part of the Governmentds Sustainable Developr
prepared on sustainable energy and released in October 2004. It was the result abaato#
interagency work programme coordinated by the Ministry of Economic Development. This discussion
document presented a policy framework for sustainable energy which describes the following key
objectives of sustainable energy policy:

e Energy systens reliable and resilient < | Formatted: Indent: Left: 0.74 cm,

. : : ; Hanging: 0.63 cm, Bulleted + Level: 1
e Energy pr_oductmn ar‘1d- use is enylronmentally responsible + Alignedat. 0.74 cm + Tab after:
e Energy prices are efficient and fair 1.38 cm + Indent at: 1.38 cm

The formation of a national energy strategy (see section 4.6.4 below) is a logical extension of preparatory
work undertaken as part ahe development of the Sustainable Energy discussion document.

4.6.2  The National Energy Efficiency and Conservation Strategy (NEECS)

The National Energy Efficiency and Conservation Stratedyowards a sustainable energy future (the
NEECS orStrategy) were phlished in September 2001. The Strategy establishes objectives, targets and
policies in relation to energy efficiency, energy conservation and the use of renewable sources of energy
across all sectors of the economy. The strategy includes sectoral Alienvifhich map out areas of
action, implementation responsibilities across government agencies and records key milestones.

The Strategy established two hifglvel national targets, to
A achieve at least a 20% improvement in econarnge energy efficiencpy 2012; and
A achieve a 30PJ increase in the supply of energy from renewable sources by 2012.

The Energy Efficiency and Conservation Authority has receartttypleteda review of the Strategdy in
which there wasconsultation with government agencieshndt key stake in the sustainable energy future
of New Zealand.

In March 2006he Minister of Energyhas announced his decisitm replace the current strategphe
current work programme to develop a replacement Stratélijget the future direction and design
governmentpolicies and programmes support greater uptake ehergy efficiency andhe supply of
renewables. The replacement Strategy will be closely tied to the development of a national energy
strategy (see section 4.6.4 below) and follownailar timeline. It is expected that new strategies will be
published in the first half of 2007.

4.6.3 Climate Change Policy

Various climate change policies and initiative
requirements under the Kyoto Protocol. Manfythe interventions under this policy initiative encourage

the uptake of renewable energy; an example of this is the Climate Change Office run Préjedisct
Emissions programmevhich allocates carbon credits to projects that will reduce carbonddioxi
emissions. All of the projects currently supported under this mechanism are renewable energy projects.

Detailed information on these and other government policies that influence the uptake of renewable
energy are described in Appendix A.

The climate chnge Projectsto Reduce Emissionmechanismsupportedfifteen projects in the first
bidding round in 2003All werebased on renewable energy and are:

e Te Rere Hau Windfarm, New Zealand Windfarms proposed 50 megawatt windfarm in
Manawatu.
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e Toronui Mini-Hydro Power Scheme, Esk Hydro Powea proposed mirAnydro scheme on the
Pask family's Toronui station in northern Hawkes Bay.

e Awapuni Landfilli a proposed landfigas scheme in Palmerston North.

Wainui Windfarm, Wainui Hills Wind Farni a proposed 30 egawatt windfarm on a ridge

between Wainuiomata and Wellington.

Hau Nui Windfarm extension 5 MW extension to the existing windfarm.

Awhitu Windfarmi 19 MW windfarm proposed for coastal Waikato.

New Zealand Refinery Company @eneration Plarit 80 MW atMarsden Point

Southern Paprika Bioenergy PlangVarkworth.

Enhancements to TrustPowerds Mangorei, Mot uk i

Hydro scheme enhancement on the Tongariro Power Development, Genesis Power Ltd

Fire-Logs (NZ) Ltdi Manufecture and sale of wood pellets

Rotokawa geothermal electricity generation projelighty River Power Ltd

Watercare Services LidMini hydro generation projects

Landfill gas to electricity projedt TrustPower Ltd (This agreement is no longer in p)ace

Two earlier projects also received emission units

e Te Apiti Windfarm, Meridian Energly a 90 megawatt windfarm in Manawatu.
e Tararua WindfarmTrustPoweii 36 MW windfarmextension.

In the second bidding round seven projeeteived emission unit¥heseare:

Eastland Networks Mokairau windfarm 9MW, 27 GWh

Esk Hydro Power 2.5 MW windfarm and 2 MW small hydro scheme
Christchurch City Council Burwood landfill gas project

Kawatiri Ltdi to refurbish Buller Electric Power Station (Lake Rochfort)
Meridian White Hill windfarm

Meridian Solutiori York Valley landfill gas to Nelson Hospital
TrustPoweii Ashburton Hydro scheme

Detailed information on elements of climate change policy affecting the energy sector is cited in
Appendix A.

4.6.4 National Energy Stategy

In the 2005 speech from the throne it was announced that the Government would prepare a National
Energy Strategy to set the broader policy agenda across the entire energy sector. It will protéelong
direction and leadership to put New Zealadthe path to an energy system that supports economic
development, while being environmentally responsible. The full terms of reference for this strategy are
expected to be made public soon. It has already been announced that the replacement NEB@E& will ¢
under the umbrella ofand be a subset ethe wider energy strategy..

5 Hydro Energy

5.1 Technology Overview

New Zealand has a range of large, medium and small hydro schemes, all of which are characterised as
having only small amounts of storage by intgional standards. Electricity is generated from water by
impounding or diversion through a canal type scheanelspassinghe water through a turbine to realise

the benefit of both the height (head) and flow of this water.
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Impoundment schemes have beetraditional form of construction but impediment of fish passage and
inundation of large areas of land make large impoundment schemes difficult to obtain resource consents
for.

Diversion schemes are undertaken in order to increase flows (by divertieg freen other rivers and
streams), increase the head (compared with a dam on its own), or significantly reduce the effects on the
surrounding land and other uses of the water by not requiring an impounding dam. Diversion schemes
are generally characteeid by less flexibilityof operationas they do not in themselves have the
advantages of storage, but may rely on upstream natural storage which at times can be variable. Residual
river flows have become a key determining factor on scheme size for diveckiemes.

Low head schemes using bulb turbines, while possible, are very rarely used in New Zealand (because
they are relatively expensive) yet are very common overseas, where power prices are higher and there are
opportunities associated with weirs dacks needed for river transport.

Hydroelectric generation technology is a proven and mature technology. However, compared with most
other energy sources, hydro schemes can have a greater affect on surrounding communities. The
technology is however beingpntinually refined, with better techniques for site selection, plant design
and construction; innovative civil works, improved generating plant and controls, and standardisation of
equipment.

Improvements in turbines, draft tubes, and reductions in deadnd tailrace head losses and automation
and remote control have revitalised obsolete stations and increased their power and energy output.

Todaydés environment for hydroelectric developmer
1960s to 980s when most investigations of the currently undeveloped hydro energy potential in New
Zealand were undertaken or updated. These investigations were largely undertaken by (or for) state
owned agencies whose brief wa sigetapplief. nOppottunitieg anea n d 0
now being investigated by investors who are commercially driven and need to recover their investment in

a relatively short time. In addition, many of the best storage opportunities have been developed so new
conceptual thiking is required in order to justify development of less attractive storage or diversion
schemes. Owners are continually focusing on enhancing output from existing assets and many are
investigating new hydro opportunities which have a associated wht any new development.

Public acceptance of a potential hydroelectric
changing environmental and conservation attitudes. In general there are a number of competing interests
and values associated witligrs and lakes and these need to be considered when assessing opportunities.
The statutory approval requirements for hydro schemes are by their tiat@reonsuming, expensive,
stringent and have no certainty of success. However, this should by ne prealude hydroelectric
development from consideration as a future energy source. There are many opportunities that should be
able to be consented if a robust consenting process is followed.

Many schemes previously considered not to be feasible fooato or environmental reasons may now

be viable by the adoption of a different technical and commercial approach, e.g. using modern technology
for civil structures and generating plant, or diverting part of the flow using a weir or a river side intake
rather than river impoundment by a large dam. Generating electricity from the flow of water is a non
consumptive use as the water is returned to rivers and lakes. Therefore, future projects are likely to be
multipurpose, e.g. hydropower combined with irfiga may make projects viable.

The change of focus from a damming approach for storage, to a water harvesting approach philosophy
has provided new opportunities for existing concept hydro schemes and provided a number of new
opportunities. The division dhe Electricity Corporation of New Zealand (ECNZ) hydro schemes into
new ownerships has also created a number of competitors who all have a focus on optimising the use of
their assets. The practice of ECNZ of continuous enhancement has continued witniremcements

being undertaken.

Page27



\: Field Code Changed

!
- Third Edition &

Small hydro schemes are generally less economic than a large scheme, however because the effects of a
small hydro and the amount of land affected by inundation are less, small schemes are potentially easier
to obtain consds for. Integrating an hydro scheme to an existing water take consent is currently being
investigated and developed in many parts of the country. This is particularly the case with existing
irrigation schemes which have a consented take, and often eisawhilable generation heads.
Consenting these schemes is easier as water take consents are already in place and often the community
who are the scheme farmers have a direct finamiatest for anintegrated scheme. The financial,
environmental and seetal risk of a small scheme is often less and investigations costs are lower as a
detailed refined analysis is not required. These types of small schemes are also able to be embedded into
a local network providing all the benefits of distributed germrat

Micro hydro schemes are of relevance for isolated small rural communities or individual farms. A micro
hydro scheme has minimal environmental impact and the risk of failure of water retaining structures is
low. With similarly low capital costs suchtemes can be attractive to small land owner investors. Micro
hydro has particular relevance where local electricity supply networks have capacity or quality of
electricity supply problems.

5.2  Current Utilisation and Emerging Development

The current capacityfahe hydroelectric systems in New Zealand is assess&84a89VIW (as at March
2005). This capacity provided approximat2§975GWh (935 PJ)in the year ending June 200%his
supply, along with that for thfeur previous yeards shown in Figuré.

Only a small amount of greenfield capacity has been added in the last four years. The focus has been on
gaining more energy from existing power stations with the Manapouri Power Station second tailrace
tunneland rerunneringdominating increases in cajigq230MW) and energy outpu?Z@(0GWh, 26 PJ)

during that time.

Since December 2000 hydro plant investments providing an addifi@8aPJ of energy were installed or
are under construction.

New hydroelectric generation installations identified sincecédnber 2000 which are important to
achieving the Renewable Energy Target are listed below:

Additional generation installed or under construction from 1 January 2001 to 31 December 2005

e Manapouri Second Tailrace Tunnel 125 MW 640 GWh
e Falls Dam Power &tion 1.2 MW 9.5 GWh
¢ Onekaka Power Station 1MW 4 GWh
e Mangahao mirhydro 4 MW 22 GWh
e Manapouri haHife refurbishment 145 MW 75 GWh

276.2 MW 750.4 GWh  2.7PJ

Additional generation committed to construction:

Nil

Resouce consents sought or carbon credits allotted and project announced:

e Arnold (new) 46 MW 220GWh
e Ashburton Irrigation (TrustPower) 6 MW 34GWh
e Fairdown/Kawatiri(Mt Rochfort) 4 MW 16 GWh
e Gowan' 14 MW 60 GWh
¢ Hawea 16 MW 70 GWh*
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e Mangorei/Motukawa enhancements 3.5 GWh
e Mokau 10 MW 43 GWh
e Toronui Minihydro 1 MW+ 4.3 GWh
e Waipori enhancements 35 GWh
e Wairau Valley 70.5 MW 415 GWh

167.5 MW 900.8 GWh 3.24 PJ

! Variation to National Water Conservation Order sotighot granted

Projects publicly announced as being under serious investigation:

Kaituna (Mighty River Power) Not known
Lower Waitaki(North Bank tunnel) 200 MW 1100 GWh
Mohaka Not known
200 MW 1100 GWh 3.96 PJ

*50% plant factor assumed

During the latter period covered by this report there have been a few announced investigations of other
small hydro schemes which have not yet proceeded to firm proposals.

Appendix C lists all perational hydro plant, generally of MW scale or greater

Useable Energy at Source - Hydro

Useable Energy at Source (PJ p.a.)

2001 2002 2003 2004 2005
June Year
Figure 9 Energy Contribution of Hydroelectricity Generation to New Zealand.

Source: MEDB7 2005, MEDB7-2003, MED7-2002.

5.3 Opportunities

There is a significant amount of hydro potential that ishnaally feasible within New Zealand.
However much of the uptake will be limited because of economics and difficulty of consentability.
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There is an estimatetb5 MW (4260 GWh, 15.3 P§)of undeveloped hydro potential at high/medium
confidence levels avaible for future generation at costs up to 10c/kWh.

Hydropower opportunities can be divided into three broad categories:

¢ large hydro developments, generally over 30 MW, that attract existing well capitalised generation
companies

e smallsize developments of0D0 kW to 30 MW that are of interest to smaller generation
companies, lines companies and private corporate investors and

e mini or microsize developments of less than 50 kW to more than 1000 kW that are generally
only of interest to individuals and commiyngroups intending to use the electricity output for
their own use.

Regardless of size most future large opportunities are likely to be in areas which have been previously
investigated. Many medium and small schemes have previously been identifieeyehowater
harvesting as a design concept has really only i
being identified as stand alone projects or integrated with other uses such as irrigation. With the prospect
of higher electricity pricesanbined with modern technology, and the possibility of providing other
community benefits, many previously uneconomic and new schemes will become economically
attractive.

Some lines company networks are bdinty utilised with the changing irrigation demds of farmers for

irrigation water. This has changed the pricing and load structure for electricity, where in some regions the
demand and cost for electricity is greater in summer than winter. This issue is unlikely to diminish.
Developing schemes thare embedded in electricity netwotkave significant financial advantages from

higher generation prices, reduced transmission losses and forgoing the costs of line upgrades. This
opportunity is being recognised by lines companies and as a resultehiryestigating medium to small

sized embedded schemes. These lines companies are often community owned, therefore there are
significant consenting advantages.

There are large numbers of mini and micro sized opportunities in rural areas, many of whictotha

been considered previously for hydro generation because of small stream flows. These can be expected to
be of greater interest over the next few years as electricity costs increase, the capacity of many line
companies networks are heavily utilisatd the need for embedded generation to avoid significant lines
upgrades becomes financially significant.

Mini and micro hydro schemes are likely to be investigated by landowners rather than energy companies
because of their attractiveness for embedding.

5.4  Geographic Distribution of Resource

The majorityof the potential hydro resources are located in the South Island with almost 60% being in the
West Coast, Canterbury and Otago regiofasble 8 indicates where the opportunities are located.

5.5 Hydro Industry

5.5.1 Industry Participants

The hydro electricity industry in New Zealand comprises the relevant activities of the five major
generating companies (retailers) Contact Energy, Genesis Power, Meridian Energy, Mighty River Power,

5 EHMS 2004
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and TrustPower along with a numtpérsmaller generation companies e.g. King Country Energy, Pioneer
Generation. Line companies are now entering the market as a result of the increased allowance of owned
generation. Private or groupd investorsare financing several medium size (30MW)hemes.
Communities that are interested in large irrigation schemes are investigating hydro poweipasda dty

of the irrigation process.

A range of New Zealand and international consultants and contractors provide services as required to
support théhydro-electric operations of these companies.

There are two main industry related organisations that are associated with hydropower in New Zealand.
The first is the International Hydropower Association (NZ) which has an active New Zealand
membership. Té other is the New Zealand Society of Large Dams (NZSOLD), a technical group of the
Institution of Professional Engineers New Zealand. NZSOLD is focused on the design, operation and
monitoring of dams and is affiliated to the International Committee ogelBams (ICOLD), noting that

over the past few years many conferences and technical groups have focused on environmental and
consenting issues.

5.5.2 Industry Capacity

With the significant downturn in the construction of large hydroelectric schemes in Newmd gakhe

early 1990s the design capability and the construction expertise has fallen away and may not be sufficient
to pick up the challenge should a number of large new projects be undertaken. Seversdasenall
projects have been designed and congtclby New Zealand designers and contractors.

While there is a resource of hydropower design capability internationally it is important to involve local
expertise in association with any international resource. In particular the nature of the gedlegy in
Zealand makes it very important to have local expertise.

While local contractors may well have the skills and capacity to carry out some of the larger schemes
providing they have little or no other work on at the time and have sufficient accessremuired
resources, joint venturing with offshore contractors has always been one way of effectively utilising local
resources while ensuring that the projectds over

Micro and mini schemes are likely to be undertakenabgidwners with minimal engineering input. To
ensure appropriate capability for such projects it will be necessary to increase access to information and
good practice guides suitable for non engineers.

5.6 Current and Projected Cost Profiles

Costs are projecipecific and have a range of drivers. Location as well as the head, flow, geological
conditions, etc. affect the cost per MW of installed capacity. Flow, storage and capacity choice affect
capacity factor, or degree of utilisation, the other key econeteiment. Opportunities for generation as

a byproduct of irrigation scheme development in the South island is being used to develop marginally
economic irrigation projects. The development cost of projects includes all civil works, plant and
equipmentfransmission line, infrastructure, resource consent, and mitigation costs.

Where there is little storage associated with existing hydro schemes the price received for generation will
generally be related to current river flows and spot market prices. s8hemes will therefore be price
followers with little opportunity to increase revenue by generating at full power when the spot price is
high. The exception wildl be if the schemes are
demand managnent system. Controlled storage allows the water to be retained and used at times of
higher electricity prices.

Table 8 provides a summary of undeveloped hydro resources available for future investment. The table
shows that most of the high/medium cdefice remaining small/large scale hydro resources are located
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in the South Island with almost 75% being in the West Coast, Canterbury and Otago regions. Schemes in
the southern part of the South Island may involve additional transmission costs, aseledinass on the

West Coast (noting that some West Coast generation may assist in resolving some key transmission
issues).

In this table confidence levels based largely estimated on ability to gain consents have been assigned to
the APotentialofor SOeeméopmbere there are 1ikel
risks leading to cost uncertainty have not been included.

High Confidence Attractive, with few apparent issues

Medium Confidence Attractive, but with some significant issues

Low Confidence Possible, but with many issues

The cost of future hydro has been analysed for the range of opportunities available and shown in Table 9

An estimate by the authoo$ the cost of microhydro is that a 1kW scheme can produce electricity for

approximaely 30-40c/kWh.
Table 8 New Zealand Hydro Resources up to6c/kWh,® 10% WACC.
No. of Potential for Development (MW) )
Region Potential High Medium Low Pcc))tem'al Energy
Schemes Confidence Confidence Confidence utput GWhly
Northland - - - - -
Aucklard - - - - -
Waikato 8 8 24 44 252
Bay of Plenty 13 25 108 258 1,196
Gisborne 3 12 37 37 163
Hawkes Bay 7 51 154 154 779
Taranaki 4 - 22 48 230
ManawatdWanganui 8 53 144 144 704
Wellington 1 - 6 6 25
NelsorrMarlborough 6 35 48 83 408
West Coast 24 - 373 758 3,414
Canterbury 13 349 349 477 2,555
Otago 13 - 364 869 4,335
Southland 2 - - 85 370
Total New Zealand 102 533 1,629 2,962 14,431

Source: EHM&004.

6 These costs are based on escalating costs based on studies done 20 or more years agoat®tigmaken
modified adjusted to take Project Aqua cancellation into account.

Page32



.- Third Edition

\: Field Code Changed

Table 9 Hydroelectric Supply Costs, 10% WACC.
Supply Cost Data c/kWh MW GWh p.a.
2-4 - -
4-6 - -
6-8 130 630
High Confidence 8-10 200 1,095
10-12 100 500
12-14 40 185
14-15 65 325
2-4 - -
46 . -
6-8 500 2,785
Medium Confidence 8-10 670 2,995
1012 155 755
12-14 140 640
14-15 205 990
2-4 - -
4-6 5 65
6-8 1,015 5,250
Low Confidence 8-10 875 3,905
10-12 200 1,100
12-14 370 1,750
14-16 575 2,715

6
6.1

Source: EHMS2004

Geothermal Energy
Technology

New Zealand geothermal energy is accessed from earth heat through a water medium, frequently in a

staged

manme The energy at indicative field temperature and use is:

30-69°C thermoculture, bathing;

70-110°C space and water heating, drying;

110-220°C drying, process heat, binary electrical plant;
220+°C steam turbine and binary electricity or procesaurst

The stages of processing of geothermal energy are:

>

> >

Extraction: Water is channelled from a natural spring or from a drilled well. It is generally flow
controlled by piping, orifice plates and valves.

Treatment Steam and water are separated and athgurities are possibly removed.

Heat exchange/usé&Steam can drive a turbine or supply process heat. Hot water can be put
through a heat exchanger for space or water heating, or to energise binary cycle power plant (uses
low boiling point fluid), or usedlirectly (e.g. bathing). Ground source heat pumps require
lengths of buried pipes to exchange heat with the ground/ground water.

Disposal:Used fluids are usually +i@jected via wells into the field or (rarely) discharged to land

or waterways. Theseuilds may need treatment (e.g. esttalant) prior to discharge. Gas is
dispersed into the aand in some cases into waterways as dissolved gasses which are released to
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the atmosphere further downstream. Where reinjection is used the gasses remagddissbb/
reinjection liquid.

A cascade system is one where fluids used for a high heat purpose may still have enough energy for
lower-grade purposes. With a high temperature field, steam can go to a turbine and the separated hot
water to binary plant foelectricity production, then to direct heat for other uses within the limitations
imposed by silica content.

As an alternative to cascade applications, process heat can be extracted prior to, or in parallel with, the
electrical plant.

There are advantagés largescale development, but smattale plant is often viablehere there are
existing wells. Staged development of a field is useful for initial provirigreduces risks but can
negatively impact on economics.

There are potential improvements e tefficiency of the conversion of geothermal energy into electricity
from existing plant, as follows:

A improvements in steam turbine and binary plant design, permitting higher inlet and lower exhaust
pressuregéemperatureby equipment manufacturetdigh energy prices being paid for renewable
resources in Europe are rapidly leading to improved technology and economics of
small/scale/low temperature generation plants,
retroitting of binary plant to existing condensing plants, and
managing the depositionf anineral scale in geothermal plant. One significant constraint to
improving plant efficiency is silica depositienthe further one drops the temperature of separated
geothermal water, the more likely it is that silica will deposit in the pipeworkelxehtingers or
re-injection wells. Suppression of this tendency will allow lower rejection temperatures, allowing
more heat to be directed to energy converssame technologies that are routinely used overseas
have not yet been applied in New Zealand.

> >

Matters worth pursuing that could increase the uptake and effectiveness of the use of geothermal energy,
particularly for new developments, are:

A application of advanced geophysical techniques to better identify field boundaries and most
productive zones, @. active seismic and passive miggismic techniques (subject to cost
considerations)collection and interpretation of aeromagnetic and gravity data

more refined reservoir resource assessment and modelling during operation (this requires greater
attenton to input data),

economic extraction of some dissolved minerals,

inhibiting silica or calcite deposition,

optimised stearfield and station design,

application of better drilling techniques to deal with lost circulation and to maximise well
production,

understanding and mitigating environmental effects,

improved data on potentiahvironmental impacts, and

additional investigation gberceived financial risk.

>

T3> 2

> D

Technologies for directly tapping magrma extraction of heaare at the conceptual stage. ldog rock
extraction using very hot deep rock (by making hydraulic fractures and passing water between wells) is at
the developmenstage althouglkdlemonstration projects ammderway in Australia. Both are unlikely to

have commercial application in Nevea@and within the next 20 years lmi&yhave increased importance
beyond that as other sources of energy become more expensive.

Geothermal is a mature technology with a successful track record of fifty years. fidligenay have

degraded in output no géhermal field has ever been run to exhaustion, and operating costs are low.
Active reengineering of developments may be required over the years, but fields will ultimately reach a
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point where operations are sustainable-irfgeetion, if properly managk and in the right circumstances,
may assist sustainability goals.

Geothermal generation is unaffected by weather and can provid¢etomgeliable base load electricity
generation (e.g. Wairakei plant load factor of greater than 95% for a consideaetbté jbs almost 50
yearoperating life). Stations can run in lefadlowing mode if requiredbut there may be a number of
constraints on steamfield flexibility

Geothermal extraction can affect surrounding land through subsidence. Monitoringeffietttiprovides
information necessary for identification of appropriate fluid extraction rates. In rural areas subsidence
may be an acceptable effect whereas it may not be acceptable in an urban area.

6.2 Current Utilisation and Emerging Development

The instéled capacity of geothermal electricity generation in New Zealand is curré&t@tiyw, or about

5% of total capacity. Not all of the existing geothermal plant is fully utilised: actual production is limited
to the equivalent of abou73 MW. It is regared as a renewable resource that can be operated at a very
high load factor, so geothermal in an average year produces abads ®&f the total electricity supply.

The supply for the year ending September5208s approximately 845GWh 9.52PJ).

New gethermal electricity generation installations identified since December 2000 which contribute
(useable energy at source) to achieving the Renewable Energy Target are listed below:

Additional generation installed from 1 January 2001 to 31 Decembgr 200

e Rotkawa plant expansion 6 MW 55 GWh* 0.20 PJ
e Wairakei binary plant 14 MW 115 GWh* 0.41PJ
¢ Mokai plant expansion 39 MW 310 GWh* 1.11PJ

59MW 480 GWh 1.72 PJ

Additional generation committed to constructifin these cases consents have been grardd
some wells have been drilled but consents are under appeal)

e Geotherm 55 MW 458 GWh* 1.65PJ
e« Kawerau (PT/MRP) 70 MW 582 GWh* 2.10PJ
124 MW 1040 GWh 3.75PJ

Resource consents sought or carbon credits allotted and project announced:

e Tauhara fant 15 MW 125 GWh* 0.45PJ

¢ Ngawha expansion 15 MW 125 GWh* 0.4 PJ
30 MW 250 GWh 0.90 PJ

Projects publicly announced as being under serious investigation:

¢ Rotokawa Expansion 67 MW 558 GWh* 2.00 PJ

o Other unspecified projecfs  220MW 1830GWh*  6.59PJ

287 MW 2388 GWh  8.59 PJ

1 Mighty River Power (MRP) has indicated in media releases that they expect around 400MW of geothermal
projects in coming years. These projects will include Mokai and Rotokapensions, Kawerau developments and
other projects implemented by others.
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In addition to new projects, Contact Energy has committed resources to making greater use of its
existing assets at PoihjWairakeiand Ohaaki (while generation in terms of MWSs is shown below,
new generation plant is noging installed but undertilised plant is being more fully loaded):

o Te Mihi drilling 18 MW 150 GWh 0.%4PJ
o Ohaaki drilling 18 MW 150 GWh 0.54 PJ
36 MW 300 GWh 1.08 PJ

* 90% plant factor assumed

Countering this trend, in this period, Ohaaki postation has been formally derated by 38 MW such that
it has a nominal potential of 66 MW. It current achieves around 27 MW but the drilling indicated above
will see a further increase.

Table 10 shows the contributions to geothermal primary and use&plgy since 2001. There has been a
decline in primary energy since then while useable energy has remained almost constant. Usable
efficiency has increased from 44.7% to 46.9%.

Useable Energy at Source - Geothermal

100

80

60 1

40

20 1

Useable Energy at Source (PJ p.a.)

Primary  Useable  Primary Useable Primary Useable Primary Useable Primary Useable

2001 2002 2003 2004 2005
O Geothermal Direct Use (Community)
B Geothermal Direct Use (Industrial) June Year

@ Geothermal Electricity

Figure 10 Contribution of Geothermal Energy to Useable Energy at Source.
Souce: MEDSTAT.

Since December 2000 geothermal plant investments providing an additional 0.2 PJ of energy were
installed. 2.94 PJ are committed to construction and 3.2&r@3eeking resource consents or have carbon
credits allocated. Additional but nsignificant heat has been obtained for the Mokai greenhouses (6ha).

It is planned that the Mokai greenhouses will expand to 20ha. There havéebhesubstantive new
community and recreational geothermal applications installed over tliwdagtars.

There is currently (My 2006) estimated to bé1.8 PJ of heat derived from geothermal energy for
industrial uses. This includedout 40 MW of eletrical equivalent in direct heat at Kaweratlihere
have been little new industrial heat initiatives insthlbver the ladive years

Appendix D lists all operational geothermal electricity plant.
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information is not available on the energy used in mamyrounities, district heating, residential and

recreational uses are shown in Table 10.
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Table 10

Community Direct Use of Geothermal Energy.

Locality

Type

Annual Utilisation

Capacity
MWth

Energy
(PJlyr)

Ngawha

Waiwera

Waingaro

Te Puia Sgngs

Morere

Te Aroha

T | W O W T

Kawerau

16

0.25

>0.08

<0.01

Tikitere

Rotorua

I ||

>22

Waiotapu

Reporoa

9.14

<0.15

4.14

<0.07

Wairakei

18.6

0.36

Taupo

® M (> [> .0 >

0.055

Mokai

Tokaanu

Hanmer Springs

(Mariua) Springs Junction

- Parakai

- Miranda

- Okauia

- Okoroire

- Tauranaga

- Taupo

- Waikite

- Ohaki

—|W|W|m|m|E|m|w|w|w (@ O [T |>

Source: Modified from Dunstaf(TP-2005) and Luketina (EW 2003

Key:

QO TNm >

Agricultural

Bathing and swimming (including balneology)

Fish and animal farming

Greenhouse and soil heating

18 This table does not include all community direct use applications but is the only source available.

9 This table is not exhaustive but uses the best currently available infonmatio
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H Space heating and district heating (other than heat pumps)
| Industrial process heat

6.3 Opportunities

New Zealand has abundant geothermal resources and most remain unfappedian estimate of New
Zeal andds technically available hi @005 usingporly at ur
current technology and considering a realistic economic drilling depth, is 2,200 MW of electrical
equivalentOther estimates magcrease this to 3,600 MW.

There is an opportunity through residential/light industrial applicationsonjunction with electricity
generatiorto make more efficient use of fluid already being extracted.

Geothermal electricity generation has low greenb@sas emissions compared to fossil fuel alternatives.
The average Cgemissions from current geothermal plants in New Zealand per GWh are around 25% of
those of combined cycle gas turbine plant (representing the most efficient form of fossil fuel generati
readily available), or less than 10% of that of a modern-faeal plant.In practice, this data may be
skewed by the fact that two of the current developments, Ngawha and Ohaaki, tap unusugths high
fields. The averag€O, emissiondor new develpments can be expected to be somewhat lower.

Geothermal plants are built where the resource is found. These sites are reasonably close to the electricity
transmission system so the emphasis has been on electricity production as there is generallyiab indus
heat user nearby.

Maori ownership and access to most geothermal resources is delivering support for Iwi development.
Three out of four of the recent geothermal developments in this country have been wholly or partially in
Maori ownership.

Surveysidi cate that, of New Zeal andds 1O ragpgeocsévane r ma |
in the 110-220°C range and fifteen in the >220°C range. A recent reassessment of geophysical evidence
by one company is claimed to have identified anothear@®s ofpossible geothermalotential

All of the high temperature fields (which offer the most energy potential) are found in the Rotorua/Taupo
region with the exception of Ngawha in Northland. Almost all the present use of geothermal resources
occurs inthese regions.However there are low temperature surface manifestations which indicate that
geothermal heat is near the earth surface at other locations throughout New Zealand. These could be the
subject of future deep heat exploration. Recently theve baen media reports on geothermal energy
accessible from abandoned oil wells. The background work shows that there will be useful geothermal
resources at almost any location in New Zealand, though only niche developments might be feasible.

There is insfficient data to estimate the energy potersiapply costs of the fields with temperatures
below 220°C. The potential for the high temperature fields to be used for electricity production is shown
in Table 1. Availability for energy/non electricity uses large.

There are large areas of New Zealand where the geothermal resource has not been explored. This is in
deeper reservoirs and in areas outside those with traditional surface features. Deep geothermal drilling
and extraction technology has the poi@ to extend the uptake of geothermal energy usisgurces

from cool tothe near magmatic conditions in deep geothermal systems. Modern exploration technologies
are availabléo allowthese area® be investigated.

®Table G4, with Mangakino and Ngatamari ki fields fiava
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In practice this does not occuvecause of the inability of exploration companies to be able to secure
development rightshrough licensingprior to exploration and significant uncertainties related to the
technology and economics associated with the use of deep geothermal resoupiemtidtx of deep
resources, or resources without surface features could result in new developments being located away

from urban areas, plus they are unlikely to have undesirable effects such as subsidence.

Estimated Additional Energy Available from High Temperature Geothermal Fields.

Table11
Year 2015

Area High Confidence Medium Confidence

MWe GWh p.a. PJ pa MWe GWh p.a. PJ pa

Taupo Volcanic Zone 365 2,900 10.4 434 3440 12.4

Northland 0 0 0 0 0 0
Total 365 2,900 10.4 434 3440 124
Source: EHMS005.
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6.4 Geographic Distribution of Resource

Taupo
Volcanic
Zone

Low Temperature
Geothermal Areas

High Temperature
Geothermal Areas

% ® Terralink International Limited

Figure 11: Location of Geothermal Resources in New Zealand

Source:EHMS 2002

6.5 Geothermal Industry

6.5.1 Industry Participants

The geothermal industry in New Zealand comprises a wide range of particifaotsises relating to
industrial heat and electricity generation the relevant parties include Contact Energy, Mighty River
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Power, Bay of Plenty Electricity, Top Energy & Tai Tokerau Truisropaki Power Companilorske
Skog Tasman and Ngati TuwharetGaothermal Assetalong with a number of other organisations,
including the Crown.Note that some Crowawned assets at Kawerau were transferred through Mighty
River Power to Tuwharetoa interests in 2005

A range of New Zealand consultants and contragtoovide services to support the geothermal aspects of
these companies.

There are two main industrnglated organisations that are associated with geothermal use in New
Zealand. The first is the New Zealand Geothermal Association whose membershgrse dicluding

the owners of geothermal developments, consultants, consenting authorities, central government, Maori
interests etc. The other is tAeckland UniversityGeothermal Institute While this training institute has
largely been in abeyance iecent years, Auckland University has announced that it will be resuming
formal courses in 2007nformation on these organisations is given in Appendix B.

New Zealand also provided the secretariat for the International Geothermal Association and the Weste
Pacific regional Branch of the International Geothermal Association.

As well as the benefit to the geothermal industry within New Zealand, the country has a proven track
record in exporting geothermal technology ($30 million by one estimate), maiakpagise rather than
hardware.

One organisation that is crucial to the status and ongoing benefit of the geothermal industry is the
Waikato Regional Counc{Environment Waikatowhi ch is the regulatory aut
ADi schar ge the najor geothermaesourcesn the Central North Island. Its role in the future

use of the geothermal resource is crucial for setting the rules for access to geothermal resources. The Bay
of Plenty Regional Council covers the Kawerau geothermal dietHothersand the Northland Regional

Council the Ngawha field.

6.5.2  Industry Capacity

There is a cadre of expertise and experience within the geothermal industry. The industry provides a
level of service that meets the ongoing requirements of the assesmamuedevelopers and has a strong
export focus. However, while New Zealand veeseea worldleader in this technology and associated
research, it has been moving towards a follower status, there being insufficient domestic industry base
government funithg to support much leadirgdge research.

While there was a significant downturn in the construction of large electricity generating schemes in New
Zealand over 10 years ago, the geothermal area continued to have some, albeit reduced, level of activity.
This was also associated with the advent of reliable and economiessalallmodular plant, and staged
development on new fields at Mokai and Rotokawa. The imported modular units require far less time for
design, construction and commission and provigatgr cost certainty.

A recent industry survey showed that the industry seemed to have a sufficient consulting base to support a
major upturn. However, there are competing demands for service from international clients, and there are
already cases whermternational consultancies have been brought in to support domestic consent
applications because of conflicted or eeemmitted local resources.

6.6 Current and Projected Cost Profiles

Geothermal electricity generation development, at $2,608BRW00/kW, gnerally has lower capital
requirements than a lot of hydropower opportunities. While there are economies of scale, these can be
reduced by the lower cost of modular developments and the use of existing wells. Further economies are
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possible with the usef seconehand/refurbished equipment. In the long term, price is expected to stay
around this level due to counteracting influences of plant improvement but increased cost of new wells.
Significantoperation and maintenanc®&M) costs are involved du® twell replacement to maintain
production, and ancillary plant such as waste treatment. These costs are offset by a high capacity factor
>90% giving relatively competitive electricity prices.

For a greenfield process heat development, high load factdréaege thermal loads are required to
ensure profitable steam supply to counter the high cost of new well drilling.

An estimate of the unused geothermal resource that is availabbersidered to beonsentable is given
in Table 2.

Table 12 Estimated Supply Cost Data for Geothermal Electricity Generation.
Year 2012
Supply Cost Data c/kWh WACC = 10%
MW GWh pa
24 25 200
4-6 210 1660
High Confidence 6-8 120 950
8-10 10 80
10-12 - -
24 25 200
4-6 210 1660
Medium Confidence 6-8 185 1480
8-10 14 110
1012 - -
2-4 25 200
4-6 150 1180
Low Confidence 6-8 1550 12200
8-10 20 160
1012 - -

Source: EHMS2006

7  Wind Energy
7.1 Technology

Wind turbine generators (wind turbines) can produce alternating current (AC) or direct current (DC)
electricity as required by the application, e.g. DC for small remote electricity generation or water

pumping systems, or AC for electricity grid connections. Windmills are also used for direct pumping of
water.

Wind turbines can be located on land, osed with towers fixed to the seabed. Normally the wind at sea

is stronger, more consistent, and less turbulent and offshore installations are occurring extensively
throughout Europe. However, capital costs for offshore installations are greater, eeesontoNew

Zealand as the seabed near the coast is likely to be more inhospitable than for European sites (e.g. depth,
seabed conditions and wave heights), and the economy of scale economy benefits do not exist in New
Zealand.
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In the past decade, the ciuration of wind turbines has almost exclusively standardised onrlitaeed
horizontal axis machines with upwind rotors, with some-hle@led machines also being built. However,

it is not possible to rule out alternatives, such as vertical axis tarbairg installed in the future. This
type of wind turbine is most unlikely, particularly at the current large scale of wind turbine. Other
technology advances such as the toiguéing gearbox developed by Windflow Technology in
Christchurch are alsaccurring.

The average sized wind turbine installed internationally has increased over time with32\6W
machines now being installed. In New Zealand, Meridian Energy has installed 1.65 MW turbines at its
Te Apiti wind farm and resource consent aptiens are being lodged for developments that intend using

3 MW wind turbines.

A typical gridconnected machine stands-4@0 metres tall with rotor diameter of-80m. Towers are
almost all tubular steel, with a small number being lattice steel. Thenbatf tubular towers can
accommodate electrical control and switchgear equipment.

Wind power technology is a proven technology with many commercial turbines being available.
Currently 50% of the market internationally for large turbines is met by tlompanies. As with most
mechanical plant, operating and maintenance costs tend to increase through the life of a wind turbine.

Overall wind turbine life is between 15 to 25 years with the possibility of a major overhaul after 10 years.
To increase reliaility and availability major manufacturers are now offering lbegn maintenance
contracts with guarantees on performance.

With the installation of the Brooklyn wind turbine 12 years ago and, more recently several commercial
wind farms, New Zealand is mogaining real experience of various wind turbines. It is evident that there
is significantly increased interest in New Zealand by major wind turbine manufacturers.

The timing of purchases, with large wind farms and manufacturing facilities being devé@lofustralia,
as well as some local production, may assist in reducing costs.

Small wind turbine technology is well developed for rural area power supply schemes and for boats. The
technology is very robust and able to handle harsh weather condifibeseconomics of small turbines
is such that they are mainly economic for niche applications and not grid connected applications.

7.2 Current Utilisation and Emerging Development

For the year endetline 208, 556 GWh ?!of electricity was generated from windezgy. The generation
of electricity from wind energy for thftve years 20002006 is shown in Figure 4

While there had been active investigation, consenting and pla€ingders for additional wind farm
capacity in thehreeyears to December 280theonly addition to the existing capacity during that period

was the installation of WitdlowTec hnol ogy Lt dés prototype 500 kW
Christchurch. However, in 2004 a significant increase (more than 350%) in wind energy capacity
occurred, with a continuing trend for more capacity to be investigated and resource consents applied for.

There wasan installed base d668.3MW as at December 26¢:

2L MED 2006

22 (Note that a range of plant factors between 40% and 47% have been used to arrive at the assumed GWh figures)
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Note: in compiling the following information, where no GWh figures have been publfcistte
opportunities listeda range of plant factors between 40% and 47%bban used to arrive at the
estimatedsWh figures

Additional generation installed between 1 Januarni20@ 31 December 260

e (Gebbies Pass 500 kW 2 GWh
e Hau Nui extensin 4.8 MW 19 GWh
e Southbridge 100 kW 0.35 GWh
e Tararua Stage Il 36.3 MW 135 GWh
e Te Apiti 90.75 MW 370 GWh

1324MW 526 GWh 1.89 PJ

Additional generation projects with confirmed resource conséstsne are presently under
construction)

e Awhitu 18 MW 63 GWh
e Tararua Stage lll 93MW 335GWh
e Te Rere Hau 48.5 MW 182GWh
e White Hill 58 MW 240 GWh

217.5MW 820GWh 2.95PJ

Note: where no GWh figures have been publicise@dnge of plant factors between 40% and 47% have
been used to arrive at tH{estimatedGWh figures

Resource consents under appeal to the Environment Court:

¢ Hawkes Bay Wind Farm 225 MW 800GWh
e Unison/Roaring 403itiokura  45MW 160GWh
e Project West Wind 210MW 880GWh
480MW 1840GWh 6.62 PJ

Resource consents sought or carbon credits allotted and project announced:

e Awakino 27.2 MW 105 GWh
e Esk Hydro Power 2.5 MW 10 GWh
e Mokairau 9 MW 27 GWh
e Taumatatotara/Taharoa 44 MW 150GWh
e Unison/Roaring 403e Waka 111MW 400GWh
e Wainui Hills 30 MW 125 GWh

223.7TMW 817GWh 2.94PJ

Projects publicly announced as being under serious investigation:

e Ahipara 50 MW 180 GWh
¢ Belmont (Wellington) 80 MW 300 GWh
e Horehore Station (East Coast) - -

e Lake Mahinerang 300 MW 1000 GWh
e LongGully (Wellington) - -

e Pigeon Bush (Wairarapa) 50 MW 190GWh
e Pouto (Kaipara Meridian) 300MW 1050GWh
e Pouto (Kaipard Mighty River) 250 MW 875GWh
e Puketiro 26 MW 95 GWh
¢ Rocklands (East Otago) 650MW 2250GWh
e Rock & Pillar 25 MW 85GWh
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e Scotts Road (Manawatu) 103MW
e Te Uku (Waikato) 72MW
e Tenergy (Taranaki) 10 MW
e Turitea (Palm Nth) 120 MW
2036MW

Appendix E lists all network emected operational electricity generating wind turbine plah00kW or

greater

400GWh
250GWh
35GWh
450GWh
7160GWh

25.78 PJ

Useable Energy at Source - Wind

Useable Energy at Source (PJ p.a.)

2001 2002 2003
June Year

Source. Source: MED-7 2005, MED7-2003, MED-7-2002.

Figure 12 Contribution of Wind Electricity Generation to New Zealand Useable Energy at
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7.3 Geographic Distribution of Resource

Gisborne

Figure 13: Location Most Suitable for Wind Energy Development

7.4  Opportunities

It has been asses$&that therds 9,370 GWh p.a. (approximately 34 PJ) of lasgale wind potential in
New Zealand from locations that mostlyave good wind resoice and existing infrastructure

Z EECA-2001w
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