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Executive Summary

Background

The Energy Efficiency and Conservation Authority (EECA) sought assistance in furthering its
understanding of possible renewable energy targets for direct use of energy in particular for the
geothermal sector. This is part of the process of informing the final New Zealand Energy Efficiency
and Conservation Strategy in order to state targets to achieve policies and objectives that are
measurable, reasonable, practical and appropriate. As such, the scenario development in this
reportist i ed back in to the Ministry of Economic
20300 (Energy Outlook) .

Report Outline

Current assessed usage of geothermal energy for direct use applications is around 10.7PJ/year.
The report provides a review of the likely types of future uses and users by sector and indicates that
there is likely to be a strong future for heat pump applications despite current low usage in New
Zealand, there is a strong correlation of geothermal resources with forestry, and encouragement for
shallow wells and downhole heat exchangers through Regional Policy Statements could encourage
greater uptake. Various drivers are discussed from both the users perspective and developers
perspective with a view to breaking a disconnection between them. Comparative costs are then
presented for industrial and smaller scale technologies to show that there are immediately or near
competitive technologies, though it is recognised that price is not the only driver. Finally, a view is
developed on the possible uptake of geothermal energy from which possible targets can be inferred.
Two specific targets are recommended (with the possibility of a third regional target), along with
means of measuring these, and possible methods of encouraging their achievement.

Geothermal Resources

Geothermal energy is a form of renewable energy. The geothermal resources available at
accessible depths in New Zealand far exceed any imaginable usage, though a distinction must be
made between resources, reserves and economically recoverable energy. As a rule geothermal
energy must be used near where it is found rather than being piped many kms to an interested user.

Total national geothermal resources are summarised in Table ES 1, including their location.

Table ES 1: A Summary of the Total Geothermal Resource in New Zealand (of which only a Small Portion will be
Economically Recoverable, and only a Portion will be Used Directly)

Resource Type Consumer Heat | Comments
Capacity (PJ/year)
Conventional
High Temperature 356 Resources are concentrated in the central North Island

and near Kaikohe. Most of this high temperature
resource will be dedicated to electricity generation.

Low Temperature/springs >235 Resources are more widely scattered, but are commonly
rural or remote. More could be done with these though
further definition of resources is required.

Unconventional
Enhanced Geothermal Systems | 5,820 The method for assessment still needs to be refined.
(Hot Dry Rock) Development costs for direct use have not been
researched but would not justify a small development.
There may be cheap entry options on margins of high
temperature fields or using abandoned oil and gas wells.
Geothermal Heat Pumps >59 These can be used virtually anywhere nationally, and are

now economic for any demand greater than that of a
large domestic home. There are excellent opportunities
for waterside developments or in moist sandy soils.
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In considering the location of geothermal resources, there is a strong correlation between location of
high temperature geothermal resources and plantation forests and associated forest processing
plant. Given the high heat demand in forest processing, this suggests the possibility of direct use of
geothermal energy in forest processing, and this has been the case historically. This is most evident
at Kawerau where a single geothermal steam supply supplies pulp and paper mills with an energy
guantity that matches the sum of all geothermal industrial supply anywhere else in the world.

Technologies for Direct Use

There are a range of means of accessing geothermal resources (including simple collection of
spring water through to drilling wells) and disposing of unused energy. Frequently, unused energy is
thought of as waste, but discharge from an application is not waste until treated as such by the user.
When treated in this manner it can pose problems, say for downstream cascade users. Any
developer of supply for direct heat use needs to keep a focus on supplying a quality trouble-free
product to the user.

This report has assessed that geothermal heat pumps are commercially viable now for demands

greater than that generated by a large house. While heat pumps push the defini t i on of figeot
to the limit, they are routinely regarded as geothermal technology in international reporting. These

just rely on the more stable temperatures of soil or ground water compared to the more variable air
temperature, to create a heat pump more efficient that air source heat pumps i.e. they could
potentially be used anywhere and do not rel.y on
Installed capital costs are high compared with a range of other technologies, but fuel costs
(electricity) are low because of their high efficiency.

As a comparative example of geothermal heat pump costs, the total installed geothermal heat pump
system with a peak heating duty of 20kW (say a small commercial application) would have a capital
cost of around $24,000 and require only 4kW of electric power, while an air-source heat pump
system for the same duty would cost $19,000 and require 5.5kW of electric power. Even a small
geothermal heat pump system for domestic purposes will cost around $12,000, this being a
significant deterrent to uptake.

Traditional and Potential Direct Users of Geothermal Energy

Geothermal direct use played an important role in some early Maori communities. Current use
nationally is about 10.7PJ/year, with about half being located in industrial applications at Kawerau.
The Kawerau development is so large by world standards that it accounts for half of the world
industrial geothermal direct heat use. Nationally, in terms of heat use, this is followed in magnitude
by a mixture of bathing, space and water heating uses. Some of this latter demand is directed to the
tourism industry, which has strong links to geothermal resources. Heat pump uptake is currently
miniscule compared with its potential.

Internationally, bathing and space heating dominate direct geothermal use. However internationally
the single greatest category of usage is that of heat pumps, following significant and exponential
growth in use over the last 10 years. Given the current favourable pricing of heat pumps in New
Zealand, there is no reason why significant exponential growth should not occur here also.

Indicative heat loads have been analysed for a range of use sectors, as a precursor to assessing
typical costs and unit costs of various development types. From recent household energy surveys a
significant discovery is that New Zealand residential space and water heating can be categorised
into essentially only two zones: Southland/Otago and the rest, with deep south homes consuming
about 60% more on water and space heating than other homes.

There are a range of other areas that could see growth in direct heat use in future including hotels,
schools, government, greenhouses, and most notably the forestry sector.
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Qualitative Review of Key Drivers

An analysis of possible key drivers from a u s e peésgective for the uptake of geothermal energy for
direct heat use indicates that while commercial drivers should reasonably dominate, many other
factors come into play resulting in decisions that do not appear economically rational. There are a
range of positive drivers including pressure to clean up air (forcing substitution of fossil fuels and
inefficient log fires), and new pressures for healthy and energy efficient homes. Countering this will
especially be an aversion to paying a high capital cost for a geothermal option, with associated
drilling risks, and some consenting restrictions. Suggested drivers from a u s e mpérspective
include:

=

General concern over rising fuel prices

New developments or plant replacement

A requirement for a quality fuel supply

Concern over past bore closures

Co-location of resource and user

Concern over CO, and other air emissions
Concern over current levels of domestic heating
Aversion to high capital expenditure on energy

Constraining resource consenting policies

= =4 -4 -4 -4 A -8 -2 -2

Current knowledge of geothermal resources suitable for direct use
9 Current technology and cost trends for plant and equipment using geothermal energy

There is increasing interest and action with respect to direct use of geothermal energy from a
devel operd6s perspective. The major geother mal el
Power and Tuaropaki Trust) all have some recognition of the value of diversification of energy

supply options to include direct heat use. However, future direct use projects will have to be on a
commercial basis (not always the case in the past when Government was the developer which has

created low expectations on the part of these developers).

The types of developers who will be involved in major investments include:

Major national geothermal power developers

A range of active Maori trusts suitably located over geothermal resources
Potential utility and energy service companies e.g. Energy for Industry
Drillers

Geothermal heat pump specialists

= =4 -4 -—a -—a A

Property developers, and
1 Investment bankers

Because of the high exploration and development costs of geothermal development it is expected
that larger developments will partly happen through investment by utilities and energy service
companies. Initial ventures are now being considered e.g. the New Zealand Clean Energy
Centre/Energy for Industry hospital and school heating project in Taupo. It seems that a business
model based around multiple smaller sales through hard-wired connections with frequent billing, is a
better model for the proliferation of small scale development expected in the near term.
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Direct Cost Comparisons for Some Specific Technologies and Applications

At the industrial scale of supply, cost curves for delivered heat energy based on fuel costs
suggested in the MEDOGs Ener gy Ou tneuwra #ivergianfisicaama t i o n
from a geothermal power station yields a heat price less than most other competing fuels. The

curves also indicate that there is a minimum size for a Greenfield geothermal project to be viable
(probably in the 10 to 30MW,, range). This corresponds to the demand of a large timber drying kiln
operation.

A comparison with electricity price shows that conventional geothermal heating options based on
shared wells are viable for space and water heating of average and above sized homes. Similarly
they look financially attractive for a range of commercial applications. Heat pumps, which have far
greater applicability nationally, are viable for large homes (or average Deep South homes) and
above. Again, there are a range of commercial applications that are viable.

A View of Potential Uptake of Direct Heat Use

As a means of roughly apportioning uptake between regions and between times, an assumption was
made that a fprice driverowill influence uptake, such that uptake for a particular market sector will be
proportional to the difference between unit costs and local electricity price. This has led to a
different view on uptake to that given in the Energy Outlook. Three scenarios were considered to
give a range of uptakes.

Table ES 2: Summary of Scenarios used in the Assessment of Potential Uptake of Geothermal Direct Heat Use

Scenario Source Assumptions
Scenario 1 Energy Outlook Base Case’ Current direct heat use is unchanged, based on
MEDGs original assumpt.
Scenario 2 Energy Outlook Base Case Uptake varies according to the price driver

discussed above.

Scenario 3 Energy Outlook Carbon Charge | Uptake varies according to the price driver
Case’ discussed above, the driver being greater
because of the carbon charge.

Various data sets were reviewed to determine factors for apportioning usage by region and time.

Finally, apportionment between sectors was based on subjective views of uptake, based on
comparisons with assessments for other technologies using similar methodology, as summarised in
Table ES 3:

' The Energy Outlook Base Case is essentially a Business-as-Usual case with moderate GDP growth, oil
prices around current levels, continuing gas discoveries, energy efficiency improvements at historical rates
and no carbon charge.

> The Energy Outlook Carbon Charge Case is a sensitivity case in the Energy Outlook that does include a
carbon charge of $15/tonne of CO,. While a carbon charge as such may not be introduced, this does
represent the effect of a price on carbon whether through a tax or emissions trading.
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Table ES 3: Summary of the Subjective Views of Uptake

Application

Total Market
Penetration by
2030°

Rationale/Comment

Conventional Direct Heat

Homes 0.02% nationally but | Assume uptake is limited to Taupo, Rotorua and Tauranga. Uptake at other
with high uptake | locations is limited by consenting regime, or economic climate, or may fall within
regionally error noise. Predominantly new homes with a retrofit uptake rate at about 1/10"
of that of new houses
Hotels see comment There is already significant uptake. Assume 2 new hotels (1TJ/year each) in
each of Taupo, Rotorua and Tauranga.
Schools see comment There is already significant uptake. Assume 3 new schools (1.3TJ/year) in
Taupo, Rotorua and Tauranga.
Dairy farms see comment Assume 3 large farms (0.05TJ/year each), potentially over high or low

temperature fields

Public Service

Ignored, as additional use will be within error noise. Frequently, the public
service does not own property so will be restricted in ability to encourage high
capital, low running cost options.

Hospital

see comment

Uptake is expected at Taupo hospital eventually. Heat use will be of the order of
20TJ/year.

Green houses

see comment

Assume 1 green house (64TJ/year each after expansion) per developed high
temperature field in co-operation with land owners. A 2 ha area is a significant
glass house area. Assume initial 2 ha development followed by a second
development. 9 developed or potentially developable fields currently do not have
greenhouse heat supplies from the generators. At 1.6GJ/m? this implies total
uptake of 580TJ/year.

Kiln  drying
forest products

and

see comment

Assume 1/10™ of CNI biomass demand (30TJ/year) will be met by displacing
wood processing residues from Kawerau boiler supplies to free this material for
pelletising. 20MW, kilns (about 400TJ/year) will be installed on 4 more of the 9
high temperature fields currently without kilns.

Geothermal Heat Pumps (nationally)

Homes

0.5% (about 10,000
homes)

Assume the limiting factor will be the extent of penetration in Southland/Otago.
An assumption is made that about 2.5% of all new Southland/Otago homes will
have these in 2030 while retrofits will be at 1/10™ of the rate of new homes under
scenario 2. This takes into account the preference for low capital cost status
guo, and psychological/traditional enjoyment of fire i.e. preferential uptake of
pellet burners.

Hotels

2%

Many large hotels will be in built up areas without the possibility of significant
grounds. Hence heat pump opportunity might be limited to about 2% of all hotels
rooms by 2030.

Schools

2%

Retrofitting of biomass boilers to fossil-fuel boilers will be easier and cheaper
than retrofitting of heat pumps. However a 2% penetration should still be
possible based on favourable economics when analysed over time.

Dairy farms

see comment

Assume 5 large farms.

Public Service

1%

Although public servants are expected to take the lead, ability to use heat pumps
will be limited because of the usual built up environment in which these
commercial-type buildings exist, and because properties are generally rented.

Hospital

Assume delivered temperatures make this an unattractive option, due to hospital
requirements for higher temperature conditions for sterilisation.

Green houses

2%

Heat pumps can readily meet all heat needs. However, greenhouses also need
CO,, so some burning of biomass (or fossil fuel) could be needed. Heat pumps
are capital intensive while greenhouses may be short-lived. Penetration is
unlikely to exceed 2%

Forest products

Required temperatures are above the supply capability of heat pumps

® There have been additional assumptions around the intermediate 2020 year uptake which are reflected in the

final summary table.
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This enabled calculation of total possible uptake in each scenario as shown in Table ES 4.

Table ES 4: Summary of the Expected Uptake of Geothermal Energy Direct Use under the Previously Discussed

Scenarios.

Current Consumer Energy
(PJlyear)

Expected New Uptake by
2020 (PJlyear)

Expected New Uptake by
2030 (PJ/year)

Scenario 1 Base Case MED | 10.7 0 0
Scenario 2 Base Case mod 10.7 1.9 3.0
Scenario 3 Carbon Charge | 10.7 2.0 3.2

mod

Scenario 1 shows the MED Base Case assumption that there will be no effective change in direct
use. Scenario 2 is also referenced to the MED Base Case, but instead of assuming fixed direct use
shows progressive uptake of geothermal direct use options through to 2030 (with further growth
expected beyond that). Growth expectations are strongly based on the financial viability of direct
use projects but suppressed by a range of other factors. In Scenario 3, pricing of carbon will raise
electricity prices, and so will drive a higher uptake of renewables, especially in the domestic heating
market. The effect of the carbon charge is muted (and largely lost in rounding) by the assumptions
that the big direct use projects (e.g. greenhouses and kilns) are unaffected by price and are simply
related to the presence of a geothermal power station on a field.

Major direct use growth is expected to be through brownfield developments commonly linked to
power station developments. While this report discusses greenhouses and timber drying Kilns,
these are just likely examples of what could be quite varied projects. In total, about 1.5PJ/year by
2020 and 2.2PJ/year by 2030 of additional direct use energy is expected to be provided in this
context, linked to the wider field developers. While it is not clear whether this use will represent
substitution of fossil fuels elsewhere or simply new growth, what is clear is that it represents a
growing contribution of renewables to the energy needs of the national economy.

A total major project target of 1.5PJ/year by 2020 and 2.2PJ/year by 2030 would represent an
achievable stretch. It can be thought of as a growth for major direct use projects of approximately
1PJ/year/decade. This compares with a past growth rate (after deducting the exceptional Kawerau
supply) over the last 5 decades of approximately 1PJ/year/decade over all market segments of
geothermal direct use. While past development has been in dits and startsé wi t h r ec e
the projection does appear to be both a stretch and achievable.

These types of developments (involving reservoir assessments, wells, fittings, pipes and pressure
vessels) draw on the traditional skills of New Zealand geothermal consultants and contractors to the
electricity generation industry i.e. requires heavy engineering skills. These developments assist
developers in small step outs in terms of diversification of supply. They will be based on commercial
advantage for both the developing host and the direct user.

The following table summarises the expected uptake across a range of applications after the
deduction of the major projects.
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Table ES 5: Relative Contributions of Independent (i.e. not Including Major Projects) Geothermal Developments Including
Both Conventional Direct heat Use and Geothermal Heat Pumps under Scenario 2 and 3 (PJ/Year)

Market Sector 2020 2030
Scenario 2 Scenario 3 Scenario 2 Scenario 3
Base Case Carbon Charge Base Case Carbon Charge
Home (heat pumps) 0.22 0.28 0.58 0.73
Greenhouses  (heat 0.08 0.08 0.08 0.08
pumps)
Schools (heat pumps) 0.04 0.04 0.04 0.04
Accommodation (heat 0.03 0.03 0.03 0.04
pumps)
Hospital (wells) 0.02 0.02 0.02 0.02
Homes (wells) 0.01 0.01 0.02 0.02
Public Service (heat 0.01 0.01 0.01 0.01
pumps)
Accommodation 0.01 0.01 0.01 0.01
(wells)
Totals 0.41 0.48 0.79 0.95

In terms of calculations, heat pump penetration of the market is expected to be quite significant with
a total of approximately 3,800 pumps by 2020 and 10,000 pumps by 2030 expected to be installed
in domestic houses, with a further 150 larger heat pumps in other market sectors. These could
potentially save consumption of 160GWh/year of electricity by 2030 because of their high coefficient
of performance. This number of heat pumps is consistent with exponential growth observed
internationally with this technology, contrasting with the very small number currently being installed.
As such, it represents a potentially achievable stretch target.

This target for heat pump uptake contrasts with the target for major geothermal projects in that it
draws on a different skill-set and is accessible to a wider range of New Zealanders. Heat pump
installations are achieved with the assistance of plumbers and electricians at the domestic and
commercial level. While some basic training is required for the installer, this technology is a sound
investment for large homes and commercial applications. Its encouragement allows a much wider
portion of New Zealanders to be involved in installation of/investment in renewable energy options.

Further growth in small scale domestic use of geothermal energy is likely, say using shallow wells
feeding homes, or downhole heat exchangers in the traditional geothermal areas like Taupo,
Rotorua or Tauranga. A more active domestic geothermal drilling program is expected in these
traditional geothermal areas. Again, these projects can be commercially attractive, but are
physically restricted to a few towns and cities, for which they may have regional but not national
significance. Consequently, the final scale of growth is likely to be dwarfed by heat pumps and
major station-linked projects.

While targets for small scale domestic use of geothermal energy using shallow wells or downhole

heat exchangers would not represent a significant
an area where targets would draw attention to the opportunity and assist in changing mindsets
currently limiting increased use of these technologies. If regional targets for small scale domestic

use of geothermal energy using shallow wells or downhole heat exchangers are considered, then it

should be possible to formulate a target for the Waikato and Bay of Plenty regions, possibly based

on number of wells drilled. Alternatively if an energy target is wanted then a target based on an

increase of 0.04PJ/year by 2020 and 0.05PJ/year by 2030 would be a stretch but achievable if
commercial and institutional uses were targeted.

In the three targets suggested above, the driving forces will be commercial, so not in the direct
control of government. However, government can play a role in providing an environment that will
assist uptake by these commercial interests. This can include:

GNS Science Page 10 East Harbour Management Services



Renewable Energy Target i Geothermal Direct Use

1 Through pricing externalities such as emissions into the energy market through a price on
carbon,

1 Through active support of projects at the consenting stage through whole-of-government
submissions in support,

9 Through ongoing streamlining of the RMA consenting process with a view to timeliness and
lower cost,

9 Through clear direction to consenting authorities of the value of geothermal direct use, and
encouragement of appropriate sustainable use* of geothermal resources (in fact many
Regional Councils recognise this now, however greater encouragement needs to flow down
to some District Councils),

1 With loans and grants paralleling other government efficiency schemes, and

1 With tools such as the d@rojects to Reduce Emissionsd mechanism specifically targeting
direct use (in contrast to the electricity market where a carbon price clearly will flow through
the whole market).

Targets need to be measurable and will require active monitoring by government. Currently, few
companies import heat pumps, so a tally of numbers should be readily achieved, though actual
heating duty may be unknown. This is a similar approach to that proposed for solar hot water
heating.

In the case of major projects, some of these may require separate consenting to that of the power
stations, so consents could be monitored to measure progress. In practice, the number of projects
and associated developers will be limited, and it may simply be a matter of maintaining relationships
and information flows with these key parties. This report has indicated the range of parties for which
relationships and monitoring will have to be established. EECA has already sponsored one
geothermal direct use survey, and funded the start of a direct use database. Further funding could
be directed in this direction. The end result will be a tracking of major projects and general
indication of growth in minor sectors of the geothermal direct use market.

Final Recommendations
It is recommended:
1. That consideration be given to the following geothermal direct use targets:

a. Installation of 3,950 geothermal heat pumps by 2020 and of 10,150 geothermal heat
pumps by 2030 representing 0.4PJ/year and 0.8PJ/year respectively, plus,

b. Devel opment of an additional 1. 5PJ/year

2. 2PJ/ year fAmajoro direct use projects
c. Development of an additional 0.04PJ/ year Aishall ow wel
e x ¢ han g etuse projacts ey 2020 and 0.05PJ / year fAshall ow
heat exchangero direct use projects by
2. That measurement of targets as outlined above should be:

a. By atally of heat pumps as provided by importers

* This might eventually require a National Policy Statement on direct use. Currently several councils are
excessively precautionary. Geothermal developments could be proceeding now in Rotorua using downhole
heat exchangers.
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b. By relationships with/information flows from key developers and/or ongoing
sponsorship of the development of a direct use database and direct use surveys.

c. Number of shallow well and downhole heat exchangers installed.

3. That assistance be provided to commercial parties in meeting these targets through any or
all of the following means:

a. Pricing externalities such as emissions into the energy market through a price on
carbon,

b. Active support of projects at the consenting stage through whole-of-government
submissions in support,

c. Ongoing streamlining of the RMA consenting process with a view to timeliness and
lower cost,

d. Clear direction through Regional Policy Statements of the value of geothermal direct
use, and encouragement of appropriate sustainable use® of geothermal resources (in
fact many Regional Councils recognise this now, however greater encouragement
needs to flow down to some District Councils),

e. With loans and grants paralleling other government efficiency schemes, and

f. Possibly wi t h tool s such as t he AProject
specifically targeting direct use (in contrast to the electricity market where a carbon
price clearly will flow through the whole market).

® This might eventually require a National Policy Statement on direct use. Currently several councils are
excessively precautionary. Geothermal developments could be proceeding now in Rotorua using downhole
heat exchangers.
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1 Introduction

The Energy Efficiency and Conservation Authority (EECA) sought assistance in furthering its
understanding of possible renewable energy targets for direct use of energy in particular for the
geothermal sector. This is part of the process of informing the final New Zealand Energy Efficiency
and Conservation Strategy in order to state targets to achieve policies and objectives that are
measurable, reasonable, practical and appropriate.

This report has been jointly prepared by East Harbour Management Services (East Harbour) and
GNS Science.

The purpose of this report is to provide up-to-date data, information and analysis towards the
formulation (together with strategic context) of a 2020 and a 2030 target for geothermal energy used
to provide heat to residential, commercial, agricultural and industrial premises.

2 Geothermal Resources

The following chapter assesses New Zeal andds geot
the full spectrum of resources, without an assessment of economic reserves. Later chapters

discuss economics and provide a view on potential uptake. It finishes with some specific locational
considerations.

Discussions on New Zealand geothermal resources frequently start and finish with high temperature
resources, where the focus has been on electricity generation. To varying degrees, geothermal
energy can be found at any location and New Zealand can be thought of as one big geothermal
system. Within this system, there are pockets of surface and subsurface temperatures where heat
can be extracted economically from fluids and/or rock. The resources available within New Zealand
for heating purposes include:

Conventional sources:

1 high temperature hydrothermal resources, located in the Taupo Volcanic Zone (TVZ) and
Ngawha, capable of either direct use, or use in association with electricity generation, and

1 low temperature hydrothermal resources, including hot and warm springs found in both the
North and South Islands some of which have minimal surface features®.

Unconventional sources:

1 enhanced geothermal systems (involving extracting deep heat after possibly enhancing
permeability), and

1 geothermal heat pumps environments (including beside waterways, and warm water in
flooded underground coal and mineral mines).

It should be noted that in Europe or the United States, geothermal heat pumps would be considered
in the fAconventional sourceo cat e gioNew,Zealbnd,talbeitpt a k
with tried and tested technology.

®Most of New Zealandds | ower t emper at wevelopede Rrincipallganly ar e
those with surface features in convenient locations have been significantly developed.

GNS Science Page 13 East Harbour Management Services



Renewable Energy Target i Geothermal Direct Use

2.1 Resource Assessment

2.1.1 High Temperature Hydrothermal Resources

New Zealandébés geot her mal resource base is | arge,
energy source contributing to the national energy supply. Geothermal energy derives from heat
contained in the earth or groundwaters, and can therefore be regarded as unlimited in quantity.

The high temperature hydrothermal systems are principally located in the Taupo Volcanic Zone and
at Ngawha in Northland.

Taupo
Volcanic

Low Temperature
Geothermal Areas

High Temperature
Geothermal Areas

© Terralink International Limited

Figure 2.1: Location of conventional geothermal resources in New Zealand (after East Harbour 2004)

There have been several assessments of New Zealand high temperature resources. Any
assessment is limited by the lack of published information in the public arena, a problem partly
attributable to:
1 the consenting regime (including exploration licensing),
previous Crown investment in wells and a desire to secure a return on these,

1
9 inconsistency in the distinction between resources and reserves, and
1

commercial requirements of confidentiality.
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Nevertheless, there is sufficient information coupled with experience to gain an assessment for the
purposes of this report. Table 2.1 shows the latest assessment by Lawless, modified to reflect heat
supply rather than electricity generation. This replaces the heat source assumptions produced in
much previous literature which has been based on an energy conversion factor of 10% for
conversion of wellhead energy to electricity with a 50%’ factor for heat used directly and resulting in
the MW heat capacity of a field being assumed to be 5 times the MW electrical capacity of a field®.

Table 2.1: Quantity of High Temperature Resources i Mid Range Values Only (based on Lawless 20049)

Field Resource Area Depth to Resource Void Space Mean Heat Capacity
(km?) Reservoir Thickness (%) Temperature (PJl/year)

(m) (m) (°Cc)

Fields available for further development

Horohoro 0 500 2000 10 200 1
Kawerau 35 400 2100 8 270 68
Mangakino 8 800 1700 10 230 7
Mokai 6 700 1800 10 280 21
Ngatamariki 10 400 2100 8 260 18
Ngawha 18 400 2100 4 240 11
Ohaaki 10 400 2100 8 270 20
Rotokawa 18 500 2100 10 280 45
Rotoma 5 500 2000 8 240 5
Tauhara 15 500 2000 12 260 48
Tikitere-Taheke 35 500 1800 10 240 36
Wairakei 20 350 2150 15 255 77
Subtotals 180 356

Fields with various levels of protection

Atiamuri 0 800 1700 10 220 1
Ketetahi 12 800 1700 8 240 15
Orakei-Korako 10 400 1800 10 250 17
Reporoa 9 700 1500 10 230 6
Rotorua 4 500 1800 10 240 5
Te Kopia 10 500 2000 10 240 14
Tokaanu 20 800 1700 8 260 30
Waimangu 12 400 2100 10 260 42
Waiotapu 20 500 1800 10 275 51
Subtotals 97 181
Means and 277 9.5 250 537
Totals:

It is recognised that some of the high temperature fields in Table 2.1 already have some
development, but will be developed further by motivated electricity supply companies, principally for
electricity generation. It is the scale of an electricity development project that helps to justify the risk
involved in exploring and drilling a new field, with this scale almost never matched by direct heat

" The International Energy Agency has a default assumption that there is a 50% conversion factor when
comparing primary energy with consumer energy (IEA Statistics (2005) Renewables Information 2005 Edition).
A study of New Zealand direct heat use showed for 2005 primary energy supply was 21PJ/year yielding
consumer energy of 10PJ/year, and so was consistent with international experience (Brian White (2006) An
Assessment of Geothermal Direct Heat Use in New Zealand).

®In practice, the rejection temperature for heat applications will be lower for heat applications than for
electricity generation so a fresh calculation would yield an even higher estimate of potential.

% Jim Lawless (2004) Maintaining Leadership in Geothermal Energy Generation in New Zealand
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applications'. The size of large scale electricity development projects means that, say, a well
failure can have its costs recovered over several wells whereas much smaller direct heat
applications will be far more sensitive to this risk as they are generally undertaken in isolation.

However there will also be some opportunity for direct use through parallel development with
electricity generation such as occurs at Mokai, or cascaded development'? as occurs at Wairakei.
Other fields may be developed in a precautionary manner, especially if development is occurring
near built up areas or tourist features. There are various degrees of protection on fields, and some
of these still allow limited development for direct heat purposes, as demonstrated by geothermal
heat use at Waiotapu and Orakei Korako.

The potential for cascaded direct use is possibly overstated in many previous studies. In practice,
the rejection temperature set for a power station, especially on higher temperature fields, is based
on a perceived acceptable level of risk in terms of silica scaling. A lower temperature may lead to
heightened risk of clogging injection wells when fluid is returned to the reservoir. For this reason, it
is unlikely that much heat will be available for cascaded direct use, unless silica removal techniques
are utilised. While silica can be problematic, its removal could result in a saleable by-product.

Cascade opportunities might start to develop at future dates because:

1 Exploitation of high temperature fields is likely to be targeted by developers initially, and
these will be more heavily saturated with silica than lower temperature fields. As time
progresses, these reservoirs will start to cool resulting in lower silica levels than initially
designed for, opening the possibility of onsale of some direct heat from these initial
developments.

1 Some future electricity generation developments will be in progressively less favourable
conditions as the prime sites are taken up as a priority. A point may be reached for lower
temperature resources where cost and thermodynamic tradeoffs will limit generation size
rather than silica saturation levels. In that case, cascaded use may be a possibility from the
start of a development.

Current stations are assumed to be limited by silica saturation conditions so are not able to supply
cascade applications, with the exception of the component of hot water currently being directed to
the surface. Currently some hot water is rejected from Wairakei development to the Waikato River
and from the Kawerau development to the Tarawera River.

One old study of the Wairakei field™® showed that in February 2000 while the station was producing
164 MWe, about 105 MW (3.2PJ/year) of heat was being discharged to air from steam through the
steamfield silencers, about 95 MW (2.9PJ/year) of heat was being lost to air through the drains and
84 MW (2.5PJ/year) of heat was lost to the Waikato River. More recently some of this heat
(0.8PJ/year) has been provided in a parallel manner to the NETCOR tourism venture. Further
development of any of these heat streams may present practical and security risks.

% The Kawerau development is a large scale development, which by itself, still exceeds the total remaining
world quantity of geothermal heat supplied for industrial heat purposes.

" parallel development i a development where both heat use and electricity generation occur in parallel,
either from separate wells or a common energy supply system.

2 Cascaded development i a development where heat use and electricity generation occur in series.
Normally heat use is the cascaded application taking some form of heat from the electricity generation supply.
Kawerau is a contrasting example where electricity generation by Bay of Plenty Electricity is cascaded from
the direct heat use application.

'3 Brian White (2000) Wairakei Energy and Efficiency Audit. A report by PB Power for Contact Energy
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At Kawerau, waste water on one side of the Tarawera River passes through Lake Umupokapoka to
dissipate heat', while water on the other side of the river passes through a long cooling channel
before discharge to the river'®>. The steamfield owner tried to maximise heat loss to minimise heat
impacts on the river, but did not use more productive technologies. Recent ownership change of the
steamfield development from the Crown to Ngati Tuwharetoa Geothermal Assets may see renewal
of these smaller direct heat applications. If only half of the heat available in these current waste
streams could be made available then 1PJ/year could be offered®. Conceivably this could be to
greenhouses. Half of the resource has been suggested arbitrarily to take account of the intense
land use in the area.

High temperature fields have some CO, emissions which must be managed by developers. Table
2.2 shows assessed emissions in 2001. Fields such as Ngawha are reported to have reduced in
emission rates since that time. It should be noted that geothermal emissions are relatively low
compared with fossil fuel emissions performing the same duty (though the context here refers to
electricity generation).

Table 2.2: New Zealand Geothermal Field Emission Rates (based on electricity generation)

MW GWh Steam Gas CoO, CcO,
(t/h) (%) (kt/year) (g/kWh)
Ohaaki 40 343 348 2.86 86 249
Wairakei 161 1,384 1,377 0.59 44 32
Poihipi Road 25 212 200 0.43 7 35
Rotokawa 28 210 144 2.00 22 105
Mokai 61 430 308 1.30 28 66
Kawerau 32 262 257 2.82 59 226
(equiv.)
Ngawha 9 77 428 (total 1.32 46 597
fluid)
Average 51 417 437 1.62 42 100
Coal Best Practice 955
Oil Best Practice 818
CCGT 430

2.1.2 Low Temperature Hydrothermal Resources (Including Hot and Warm Springs)

There are 25 major hot spring systems in the Taupo Volcanic Zone and at least another 100 outside
this region (Figure 2.2), containing at least one spring. In some regions such as Waiwera, Parakai
and Tauranga, most of the springs have disappeared because of groundwater changes, and all hot
waters are presently discharged from wells.

In practice, springs are evidence of an underlying warm or hot reservoir. The cessation of a spring
does not represent the loss of a resource. The spring gives a minimum estimate of the natural
recharge of the reservoir, though it is likely to be a significant underestimate due to subsurface flows

*In the past, a landowner built a greenhouse beside the lake and regulated water flow from the lake to control
heat flow through the soil to his greenhouse.
1o Bay of Plenty Electricity owns electricity generation facilities on either side of the river extracting heat from a
E)Bortion of the available hot water for electricity generation.

This rough estimate is based on Kawerau brine flows given in Geothermal Direct Use Report (White 2006)
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mixing with other groundwater. In most cases, neither the extent of the reservoirs has been
estimated, nor practical limits assessed on development.

There are several areas in which springs are (or have been) common. The most notable is the
Taupo Volcanic Zone. Other areas include the vicinity of Kaikohe, north of Auckland, a large area
north and east of Hamilton, the region between Matamata and Thames, the vicinity of Tauranga, an
area between Poverty Bay and the Bay of Plenty, and through the Southern Alps.

Based solely on spring flow rather than any assessment of heat in place within reservoirs, the Taupo
Volcanic Zone has at least 7,500 MWy, (230PJ/year) of energy available from surface springs,
including springs in the Waikato River, Lake Taupo and Lake Rotorua (Bibby et al, 1995). At least
another ~150 MW, (4.5PJ/year) are present in hot springs outside the region, with 130 MWy,
(4PJl/year) in the North Island and 20 MWy, (0.6PJ/year) in the South Island.

Hot spring and water well temperatures
@ <50°C
o 50-80°C
@ >80°C

o abandoned hydrocarbon wells

X underground coal mines

underground mineral mines
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Figure 2.2. Location map of some geothermal sources including hot spring systems and their maximum surface discharge
temperatures, abandoned onshore hydrocarbon wells and abandoned flooded underground coal and mineral mines
(Reyes, 2007).
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2.1.3 Enhanced Geothermal Systems (Hot Dry Rock)

There is growing interest in extraction of energy from enhanced geothermal systems (EGS), which
includes a subset of projects pr evi ously referred t o. Amsexpfofaton
consenting regime has been established in Australia which has lead to the initiation of numerous
projects. A recent US study undertaken through the Massachusetts Institute of Technology (MIT) on
firhe Future of Geothermal Energyo has focussed on the potential of EGS developments in the
United States.

EGS developments take advantage of the conductive temperature gradient present in the earth
above its molten interior. They ar e A e n haesofeflettivevhbattransfer are created by
fractures generated (or exist) say by pumping water at high pressure. Normally an EGS
development will involve at least two wells, to act as producers and injectors so that heat may be
continuously mined between them.

The MIT methodology has been applied to New Zealand to give an assessment of available energy
from EGS resources in New Zealand.

The area used is based on a total area of 185,579 km?, about 70% of the New Zealand landmass
excluding national parks, forest parks, reserves and protected land i see Figure 2.3.

The starting point for an assessment of energy from EGS systems is measured temperature profiles
from widespread wells. In New Zealand, oil and gas wells have bottom hole temperatures which
can give a rough assessment of the temperatures intersected (see Appendix 1).

There are 349 onshore abandoned hydrocarbon wells in New Zealand (Figure 2.4) drilled to depths
of 17 to 5,065 m with bottomhole temperatures from 16°C to 170°C. Forty percent of these wells
(140) are found in Taranaki, within or near populated areas. Wells >4000 m are mostly found in
Taranaki, except for one in the East Coast. Seventy-five percent (265) of the onshore wells have
bottom hole temperatures <75°C, and 15% (55) have temperatures between 100-120°C. Except for
3 wells, all wells with bottom hole temperatures >120°C are found in Taranaki. The 3 wells outside
Taranaki are found in Northland (125°C), East Coast (150°C) and in the West Coast of South Island
(130°C; Reyes, 2006).

The areas where the thermal gradient®’ is greater than 33°C/km consist of:

South Island 18,800 km? (12% of South Island)
North Island including 20,350 km? (18% of North Island)
(Taupo Volcanic Zone 7200 km?)
(Coromandel 2400 km?)
(the rest of North Island 15550 km?)

Within the Taupo Volcanic Zone and the Coromandel, the rock formations are dominated by
volcanics where the heat capacity and density are 0.79 kJ/kg and 2800 kg/m?, respectively. Outside
the Taupo Volcanic Zone the rock formation at depth is dominated by greywacke with a heat
capacity and density of 0.92 kJ/kg and 2670 kg/m?, respectively.

The areas where the thermal gradient is at least 21°C/km and ranges up to about 33°C/km consist
of:

South Island 75,000 km? (47% of South Island)
North Island 71,422 km? (61% of North Island)

Y Thermal gradient is the change in temperature with depth e.g. a 33°C/km gradient indicates that for every 1
km depth increase the temperature increases 33°C. At 3km the temperature should be 99°C plus the ambient
temperature of about 15°C resulting in a temperature of 114°C
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Figure 2.3. Areas used in calculating the minimum potential heat energy in the rock using shallow and deep-seated
conductive heat (Reyes 2007).

A reference temperature of 50°C has been chosen to reflect the temperature on which existing
commercial hot pool developments have been based on, for which well drilling was required. This
temperature is also useful for space heating requirements. Cooling of the reservoir below 50°C is
assumed to lead to abandonment. The EGS assessment takes into account all rock over this
temperature.

The MIT study assumed that rock would only be allowed to cool by 10°C. While there is no obvious
reason why the rock matrix could not be cooled down to 50°C, this added restriction would imply a
more sustainable resource use.

GNS Science Page 20 East Harbour Management Services



