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Photograph 1: A hot stream at Waikite. There is potential for geothermal energy developments at many places
throughout New Zealand.
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Summary

In many situations geothermal energy has the potential to meet demand for distributed
energy at commercially competitive prices. It is a renewable resource, producing zero or low
carbon emissions, is favoured by Government policies and relative economics will improve
with the application of a carbon cost across the economy. With appropriate design it can
have minimal adverse environmental impact.

Development options associated with high temperature resources are distributed in restricted
areas geographically, but there are other options based on lower temperature resources
which have potential essentially anywhere in New Zealand.

Table ES 1: Comparison of potential geothermal applications and associated resource location

Heat Pump Enhanced Systems Conventional Heat Electricity
Applications for Heat (or Applications Generation
Electricity)
Location ‘
Y Y % %
Comments |e Potential national | e Potential national | e Localised e Narrowly defined
application application application resources
e Best areas have |e Best areas have |e¢ Data is being | Some resources
not been defined not been defined collected are effectively
e Basic research is [ Resource size is protected  from
required being assessed large scale
under low development
temperature
research funded
by FRST

In addition, geothermal heat pump applications, producing heat from low temperature ground
and water sources are largely unrestricted in location (though are more attractive when
associated with water-sources) and are likely to be economically attractive for large domestic
and commercial-scale heating loads, especially in cooler areas subject to frosts and snow,
where air-sourced heat pumps can be much less effective. Geothermal heat pumps are
unlikely to be economic for small domestic loads unless aggregated with other domestic
loads and with water heating to give an economy of scale and higher load factor. One
potential application is for schools. These larger scale developments are needed for
geothermal heat pumps to be able to compete with air source heat pumps and other heating
options.

Costs are given in the report for possible low temperature (<60°C) developments outside
conventional geothermal areas, based on the natural thermal gradient evident over much of
the country. By way of example, such developments can include hot pool/spa applications,
and simple analysis indicates these applications may be financially attractive. There are a
range of potential applications in this temperature range.
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Costs for conventional geothermal heating options have also been assessed for application
on any of the many listed geothermal fields and warm or hot spring systems in New Zealand.
There are extensive resources both in the South and North Islands, though the focus for
development is generally in the upper half of the North Island. These geothermal options are
seen as competitive with a range of other heat supply options, for large domestic loads to
those of commercial scale. Clearly, applications will be less economic where the resource
temperature is low or where there are only small economies of scale.

Industrial (or large commercial) heat supplies will generally be restricted to locations above
high temperature geothermal fields in the Taupo Volcanic Zone and Ngawha. A variation on
industrial heating from geothermal energy is the option of deep drilling outside conventional
geothermal fields to intersect the heat from natural gradients, although this has not been
costed for this report. For conventional high temperature developments, a green field
development requires a load greater than (say) 10 1 20 MWy, to be widely competitive with
other energy options. This threshold development size will be greater for deep drilling
options. Where energy consumers are co-located with a large geothermal electricity
generating power station (or large industrial heat supply), then it should be possible to supply
steam (or hot water depending on the heating duty required) from the facility at competitive
prices (assuming the capital cost of the alternative heat plant is taken into account).

Electricity generation from geothermal sources is possible on high temperature fields in the
Taupo Volcanic Zone and Ngawha. At larger scale and with favourable resource
characteristics (high temperatures and productive wells) this is one of the most attractive
generation investments in terms of unit cost. However, there are also some targeted small
scale distributed energy developments that could be viable, based on exploitation of boiling
springs or existing wells. Several manufacturers are now developing equipment at the
250kW, scale that could be readily adapted to this type of application.

Distributed Geothermal Energy Roles Page 5 of 46



1 Background

Because of attention paid over the last half century to the use of geothermal energy for
electricity generation, there has arisen an incorrect impression that geothermal energy
utilisation is applicable only to large central power stations, and that it has little role to play in
satisfying New Zealandds energy needs Vvia
electricity generation. The report addresses this, demonstrating the considerable potential of
distributed geothermal energy, both from conventional geothermal resources and also from
non-conventional resources, say via heat pumps or through exploiting the natural thermal
gradient evident in any part of the country.

Direct use in New Zealand has continued to grow, with a recent focus on commercial and
industrial applications. Figure 1.1 shows trends in geothermal direct heat use, and
geothermal electricity generation, illustrating that growth in direct heat use has been

significant throughout the period of commercial geothermal development in New Zealand6 s
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Figure 1.1. Recent trends in geothermal direct heat use in New Zealand compared with geothermal electricity
generation (White 2007)

The upward growth in both geothermal heat and electricity demand seen in Figure 1.1 is
underpinned by rising demand for heat and electricity nationally. Heat requirements are a
function of industry and domestic needs. Nationally, New Zealand faces calls to add value to
products e.g. through kiln drying of timber for better control of quality. Domestically, there is
now a recognition that our homes have generally been too cold and this is affecting the
availability and productivity of our workforce. This latter factor should lead to changes in
home design and may lead to increasing demand for heat whether from electricity or other
sources, including geothermal sources. Nationally, in terms of our electricity demand, there
is an expectation that our demand will rise by about 2% per year (660GWh/year) (White
2007). This is equivalent to a new 80MW base-load power station each year, but will be
satisfied by a range of generation options, both from large centralised stations and from
smaller distributed generation options, including geothermal electricity generation
opportunities.
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The New Zeal and Geot her mal Associationds role i:
its full potential: whether generating electricity, supplying heat to meet major industrial loads,
or addressing smaller loads, including such applications as heat pumps.

In October 2007 the New Zealand Government published a New Zealand Energy Strategy
(NZES), which, amongst other things, places a strong emphasis on encouraging the uptake
of renewable energy sources, of which geothermal energy is one example. The New
Zealand Energy Efficiency and Conservation Strategy (NZEECS), published in parallel with
the NZES sets out an action plan for implementing the NZES. The NZEECS and NZES have
the specific tar grgofeléctriacity ghnerated frdndrenpwable soueces by
2 0 2 5The Government has also proposed a moratorium on some fossil-fuelled thermal
generation. Parallel policy work proposed the introduction of a carbon emissions trading
scheme.

The New Zealand Government, particularly through the Ministry of Economic Development
and through the Energy Efficiency and Conservation Authority, has a strong interest in
encouraging distributed energy,. For many years, Government policy statements on
electricity haveincl uded the objective of HfAensuring that e
fair, reliable and environmentally sustainabl e n

These policies and the pending (subject to legislation) introduction of an emissions trading
scheme (in 2010 for stationary energy including electricity) serve to create an environment in
which the prospects for investment in geothermal energy are considerably enhanced, and in
many cases may be economic.

Recent public discussion documents on distributed electricity generation have highlighted the
following benefits of distributed energy:
e Helps to meets demand growth i with distributed energy options broadening the
range of potential sources of energy.
e Facilitates market entry and competition i the smaller scale of distributed projects
removing some barriers to new entry, and potentially to financing.
e Reduces lines losses and may defer network investment i for distributed energy: this
argument applying to both electricity and gas lines.
e Enhances security of energy supply T in particular with respect to the networks which
must otherwise supply the load.
e Provides climate change benefits i particularly where energy sources are associated
with low carbon emissions, and reduce lines losses.

This projectwas i denti fied by the New Zeal and Geotherm
Action Plan, and has been funded by the Energy Efficiency and Conservation Authority.
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2 The Enabling Technologies
2.1 Distributed Energy

The term fAdistri but edécentralisd geyetatiom @& Blectricgty (both fot h e

grid-connected and off-grid generators) and use of energy, normally for heating, cooling or
powering a process on a site or in a locality.

2.2 Geothermal Technologies for Distributed Energy Applications

The main technologies normally associated with distributed geothermal energy include:
e Geothermal heat pumps
e Direct use from:
o Wells
o Other energy sources such as springs or hot streams
e Direct use for:
0 Heating
o Cooling
e Small-sized electricity generation (say of the order of 21 30MW)
e Mini-sized electricity generation (say 200kW to 2 MW)

These technologies are described in the following sections.
Within the category of direct use, the following international trends in application of

geothermal energy have been reported by Lund et al at the World Geothermal Congress
2005", and are summarised in Table 2.1 and Figure 2.1.

Table 2.1: Summary of the Various Worldwide Direct Use Categories (Utilisation TJ/year) (Lund et al 2005)

1995 2000 2005
Geothermal heat pumps 14,617 23,275 86,673
Space heating 38,230 42,926 52,868
Greenhouse heating 15,742 17,864 19,607
Aquaculture pond heating 13,493 11,733 10,969
Agricultural drying 1,124 1,038 2,013
Industrial uses 10,120 10,220 11,068
Bathing and swimming 15,742 79,546 75,289
Cooling/snow melting 1,124 1,063 1,885
Others 2,249 3,034 1,045
Total 112,441 190,699 261,418

! Lund, JW, Freeston, DH and TL Boyd (2005) World-Wide Direct Uses of Geothermal Energy 2005.
Proceedings World Geothermal Congress 2005 Antalya, Turkey
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Figure 2.1: Graphical presentation of worldwide use emphasising dominant categories and areas of growth

Several conclusions can be taken from Table 2.1 and Figure 2.1. Most notably, geothermal
heat pump applications have been subject to enormous growth rates and now dominate as
the single largest category of geothermal direct use in the world®>. Direct space heating
applications have also enjoyed very rapid growth and given that the predominant application
for heat pumps is in space heating, around 70% of world use is in this category. New
Zealand is unusual in having very considerable industrial direct use of geothermal energy
with Kawerau wood processors accounting for just over half of the worldé &ndustrial use of
geothermal energy. Clearly demands of this magnitude, coinciding with a geothermal
resource are exceptional.

In addition to direct heat use, development of geothermal energy for electricity generation is
increasing both at large and small scale.

2.2.1 Geothermal Heat Pumps

2.2.1.1 Operating Principles

Heat pumps work in a similar way to refrigerators i they take heat from one place and
transfer it to another using electrically-driven compressors (Figure 2.2). The main difference

between a heat pump and a refrigerator unit is that refrigeration units only cool while heat
pumps normally heat, though they may also be reversed for cooling.

% A recent news article reported that in China geothermal heat pump energy delivered rose from 6,570
TJlyear in 2004 to 17,140 TJ/year in 2006, emphasising the rapid growth of this market segment.
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Figure 2.2. Typical components of a heat pump system (Thain et al 2006)

The electrical energy to run the system is a fraction of the final heat delivered. Depending on
the type of heat pump system used it is possible to get 3 7 6 kW of heating from 1 kW of
electricity, with the ratio being known as the Coefficient of Performance (COP). Normal
electric resistance heaters have a COP of one. Heat pumps are more expensive to buy and
install than resistance heaters, but may be justified on the basis of avoided alternative
electricity or heat costs over the life of the heat pump.

Most installed heat pumps are air-sourced, utilising heat drawn from the air outside the
building for transfer indoors. Approximately 80,000 air-sourced heat pumps were installed in
New Zealand in 2007 while geothermal heat pumps would have been numbered in their tens.
Although air-sourced systems can have high efficiency under ideal conditions (COPs up to 5
for large commercial units), their efficiency decreases as the outside air temperature cools
with the seasons or between day and night. Essentially more electrical work must be done in
colder conditions because there is less heat in the air and a greater temperature difference
between the outside temperature and the desired inside temperature. Average COPs end up
in the 2-3.5 range.

Geothermal heat pump systems (also known as ground source heat pumps) are very similar

to air-source heat pumps, but take advantage of the thermal inertia in the ground or in

surface waters anywhere in New Zealand. Temperatures do not vary in ground or water as

much as in air, as illustrated in Figure 2.3, largely because of their greater thermal mass.

There is no reliance, for heat pump use, on elevated ground temperatures (though higher

temperatures improve efficiency) as f ound in traditional, sofigeot he
geothermal heat pumps can be installed anywhere where the ground is adequately

conductive; this essentially requiring moist conditions.
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Figure 2.3. lllustration of the steadier ground temperatures for a geothermal heat pump that contribute to its
higher overall efficiency than air source heat pumps (EECA 2007).

2.2.1.2 Geothermal Heat Pump Types

There are a range of designs which are summarised in Figure 2.4.

GEOTHERMAL HEAT PUMPS (GHP)
ak a Ground Scurce Heat Pumps (GSHE)

Ground Coupled Heat Pump s (G CHF)
al.a closed loop heat pamps

ey i cal T 2 amtal

Groundwater Heat Pumps (GWHEP)
ak.a openloop heat punps

Dizpozd talake
pomid, river,

Surface Water Heat Pumps (3SWHP)
a).a. lake or pond loop heat pumps

indirect

Figure 2.4. Typical designs for geothermal heat pump installations
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The systems use the following means of extracting heat:
e External closed loop ground source system with polyethylene pipe acting as a heat
exchanger with the ground, either:

0 Placed horizontally in a trench, say a slightly deeper services trench of around
1-2 m depth i can be undertaken by building contractors (about 50% of US
applications), or

o0 Run in vertical boreholes (possibly not much deeper than pile foundation
holes) 1 the work would be undertaken by groundwater drillers (about 35% of
US applications).

e Pumping surface water (in about 15% of US applications, but a dominant proportion
of current New Zealand applications), either:

o Directly through a heat pump, or
0 To an area in which polyethylene pipe has been laid for a closed loop system.

The pipe within the trench or well is normally thin-walled polyethylene pipe that acts as a
heat exchanger, and contains water and possibly antifreeze.

The heat pump provides space heating or cooling by:

e Heating or cooling air which is then ducted to various areas of the building
e Delivering warm water either:
o To radiators located on walls, or

o0 To an underfloor heating system, made up of a labyrinth of polyethylene pipes
embedded in the concrete floor of a house®.

Where warm water is required, heat pumps can also be used to heat water for household hot
water requirements or for swimming pools.

The design applications for distributing heat are similar for any fuel source: geothermal,
electricity, gas, coal or oil. It follows that retrofitting a geothermal heat pump system can
readily be done. Normally such systems will have programmable control systems and
sectored heating for convenience and efficiency.

There are obvious environmental and energy savings associated with use of these systems,
though some electricity is used for pumping fluids. In addition, geothermal heat pumps take
up little space, operation is relatively quiet and there is virtually no concern for coil freezing in
contrast to air-source heat pumps.

Domestically there are examples of geothermal heat pump systems installed in large New
Zealand houses and domestic applications overseas are relatively common in some areas.
A recent New Zealand commercial installation was at Dunedin airport using pumped local
groundwater as the heat source.

In the USA geothermal heat pump systems have been widely used since the mid-1980s.
Internationally, application examples include heating the Sydney Opera House, apartment

® Underfloor systems are superior for delivering space heating, but the method cannot produce space
cooling because the cold surface is likely to cause air moisture to condense on the floor.
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and high rise buildings, and use in schools particularly in the USA. Schools offer large
playing fields in which loops can be laid, and existing radiator systems that allow retrofitting.

Traditionally geothermal heat pump systems in New Zealand have working fluid
temperatures around the 50°C range, which is adequate for space heating and preheating
domestic hot water. New designs have working temperatures in the 70°C range, allowing full
substitution of electric or gas hot water systems. The efficiency of the units might be
expected to decrease for these more difficult duties.

Global trends in heat pump installation are shown in Figure 2.5

Utilisation (TJ/yr), Capacity (MWt)

100,000

90,000
80,000

70,000 — Utilisation
60,000 — Capacity

50,000
40,000
30,000
20,000
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Figure 2.5. lllustration of the accelerated worldwide uptake of geothermal heat pumps over the last decade (data

from Lund et al 2005).

2.2.2 Conventional Geothermal Energy Sources

A recent survey of users shows the following sources of geothermal heat (EECA 2007):

Naturally warm ground i siting of dwellings on warm soil was one of the traditional
methods of space heating used by Maori. In a more recent case near Kawerau, a
greenhouse was located beside a geothermally-sourced lake and heat to the
greenhouse was regulated by control of lake level through adjustment of a weir at the
|l akedd outl et

Warm/hot springs i there are many relatively unspoiled springs in remote areas of
New Zealand, that can be used for bathing. Transient pools can be created at places
like Hot Water Beach for bathing. In many cases water is collected and diverted from
springs for use in other applications. While some examples may be on a small scale
(e.g. for swimming pool use at the Kamo Springs holiday park) others can involve
large quantities of heat and fluid (e.g. for swimming pool use at Morere on the East
Coast or at Waikite in the Taupo Volcanic Zone). Given that springs have natural
variability in flow and temperature, there is some risk to continuous heat supply in
using this method of heat collection.

* This greenhouse is no longer operational
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e Hot streams i a variation on use of springs is tapping into the flow of hot streams.

e Artesian wells T high temperature wells are normally artesian (i.e. flow under their
own pressure e.g. as found in Tokaanu, Taupo, Rotorua or Kawerau), but some low
temperature wells are artesian also. The drilling of wells involves a step up in cost
and complexity. Wells can be drilled with a range of drilling equipment and have a
variety of designs depending on the nature and depth of the resource, and the
guantities of heat required. Well costs can vary from (say) $6,000 for a low cost
Taupo domestic well to $6 million for some wells such as at Kawerau which are linked
to the new power station.

e Pumped wells i often wells will tap a relatively shallow aquifer and require pumping.
There are many examples of this in the Hauraki Geothermal Region® and around
Tauranga. Designs are site-specific and pump impellors may be situated at depths of
tens of meters. Internationally, there are pumped systems linked into large scale
district heating schemes. For local applications the pumps may be operating in 40 -
60°C fluid, but there are examples in the US where pumped systems exist with field
temperatures exceeding 150°C.

e Wells with downhole heat exchangers i rather than extract fluids from the ground
there has been a recent trend towards use of downhole heat exchangers (DHES) to
extract heat directly from the reservoir. Water (or other fluid) passing down the pipe
is heated as it descends but can also cool partially on ascent, especially at shallow
depths within the well.

This is an option favoured by some regional councils (e.g. as applied to Rotorua)
whose management of the resources involves maintenance of water levels, as water
is not taken from the reservoir. Withdrawal of fluid can have a consequential effect
on other nearby geothermal-based activities. These DHEs involve a well with
downward and upward legs of a closed-circuit pipe. There may be means of
encouraging local hot circulation of fluid within the well to maximise heat transfer.

e From other geothermal fluid users i in some cases, wells have capacities in excess
of the demands of the primary geothermal fluid users. In these cases costs can be
reduced by sharing them across multiple users. The opportunity exists for other
consumers in the immediate vicinity to negotiate use of the heat supply. While there
is a commonly held belief that there is little opportunity for district heating in New
Zealand, there are many existing examples of limited schemes. As an example in
Rotorua in 1985 there were a total of 188 domestic wells connected to 1512 separate
users i.e. the mini-schemes averaged 8 users per well. One scheme linked 95
domestic users. It is not uncommon for recent Tauranga wells to be linked to 5 or so
users.

e Special cases i there are some special cases where wells have been drilled for other
purposes, examples being oil and gas wells. Through penetrating to considerable
depths, they intersect the natural conductive thermal gradient evident everywhere. In
many parts of New Zealand, this gradient averages around 28°C/km of depth. Since
some oil and gas wells are drilled to 4 or 5 km in depth, they can intersect
temperatures exceeding 160°C which are suitable for a wide range in applications
(including electricity generation). There is one known case of an old oil well in New
Plymouth that has been used for a number of years for swimming pool heating and as
a source of mineral water.

® The Hauraki Geothermal Region is defined in the Concise Listing of New Zealand geothermal fields
(Mongillo et al 1984). This corresponds with the Hauraki Rift Zone.
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2.2.3 Geothermal Fluid Disposal

Because use of geothermal heat often involves taking fluids from below ground the issue of
fluid disposal must be addressed. The following paragraphs describe options that are
currently practiced in New Zealand (EECA 2007). Note that in the cases of downhole heat
exchangers or of closed loop geothermal heat pumps, there are no fluid disposal issues.

e Into waterways or drains i this option is almost universal for low temperature
resources. Examples include Waiwera and Parakai near Auckland, most of the warm
and hot springs through the Hauraki and Northern Geothermal Regions, and Hanmer
and Maruia developments in the South Island. In terms of higher temperature fields,
Arataki Honey on the Waiotapu geothermal field disposes of fluids from their well into
surface geothermal water, while the Tokaanu public pool rejects its waste geothermal
water to the hot Tokaanu stream. A large proportion of water from the Kawerau field
is still disposed of to the Tarawera River. Similarly, many of the cascaded uses at
Wairakei eventually dispose of their waste to the Waikato River. For Kawerau and
Wairakei, river disposal is an historical option and reinjection into shallow and deeper
wells has been trialled elsewhere on these fields. Consenting of drain and waterway
disposal options will be more difficult in future, especially for the mineralised brines of
high temperature fields.

e Onto land 1 this option can be relatively inexpensive in rural or remote areas, and can
be quite acceptable environmentally when the fluid is relatively pure or if the ground is
thermally active. The Ohaaki Timber Kilns send their waste water to a surface area
designated and consented for such use.

e Into shallow wells i in some cases fluids may not be of sufficient quality to enter
surface waterways, in which case a relatively inexpensive option is to use shallow
wells. One example of use of shallow wells for disposal is the Esendam greenhouse
at Horohoro. This technique, along with disposal into shallow waterways was
extensively used at one time in Rotorua. A weakness with the method is that fluids
may simply enter shallow groundwater aquifers, potentially causing contamination of
groundwater, and may not directly return to the source reservoir. This has led to a
restriction on this practice in the Rotorua area with a preference to return fluids to the
source reservoir to maintain water levels, or not to extract fluids at all (only heat
through downhole heat exchangers).

e Into deep wells i in the case of large scale commercial and industrial applications
involving large quantities of hot, highly mineralised fluids, deep reinjection may be a
preferable means of disposal. This is, for example, undertaken by Contact Energy for
their supply to the Tenon kilns at Tauhara, but deep reinjection is still an exception
rather than the rule for direct heat use.

e To adjacent users T in this case, a portion of water containing surplus or low grade
heat from one process may be passed to another user. In practice, cascaded use
most commonly refers to downstream use of heat from geothermal power stations.
However, there are some interesting applications at Kawerau. Norske Skog Tasman
(NST) delivers low pressure steam, after generating electricity, to the chemical pulp
mill now owned by Carter Holt Harvey Tasman (CHHT). CHHT returns condensate to
NST. Elsewhere on the Kawerau site Carter Holt Harvey Woodproducts receives
geothermal steam in parallel with NST for their kiln drying operation, but delivers their
condensate back to NST for use in their feedwater system. In this case the use of
geothermal condensate has a range of positive benefits including offsetting the need
for a further take of surface water by the mill.
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2.2.4 Geothermal Direct Use Applications

There are many examples where geothermal fluids are used directly for heating purposes e.g.
directly in swimming pools. There will be other cases where the fluids will be used as a heat
transfer media. For example heat exchangers transfer heat from the geothermal fluid to a
closed process fluid loop as most geothermal fluids contain a variety of dissolved chemicals
because of their elevated temperatures. As these chemicals can be corrosive or
troublesome (in terms of scaling) it is advisable in many cases to isolate the geothermal fluid
from the process to which the heat is being transferred.

2.2.4.1 Heat Exchangers

The main types of exchangers used are either plate heat exchangers (see Figure 2.6) or
shell and tube heat exchangers. The main advantage of the plate heat exchanger over the
shell and tube design is their superior thermal transfer performance and smaller space
requirements, but they are more expensive.

&&'-,w

Figure 2.6. Plate heat exchanger at the Taupo Prawn farm (Thain et al 2006)

Figure 2.7 shows a common design of down hole heat exchanger (DHE), which is a design
to avoid either reducing pressures or fluid levels in an aquifer, or fluid disposal after use. In
New Zealand the DHE has generally been used for small domestic applications serving a few
households or an industrial application requiring thermal outputs of around 100 to 150 kWj,.
Overseas some DHE installations have outputs of several MWy,. DHEs have been installed
in wells of 200m depth. However, because of the low output of these devices it is generally
economic to operate DHEs only in wells of less than 100m.
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Figure 2.7. Typical downhole heat exchanger with promoter tube casing (Thain et al 2006)

Downhole heat exchangers have a significant advantage over conventional geothermal well
developments as they allow extraction of heat and leave the fluid undisturbed. This allows
heat to be extracted close to sensitive geothermal areas such as the geysers and tourist
attractions at Rotorua. From a resource consenting point of view this overcomes the majority
of problems associated with geothermal fluid extraction.
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2.2.4.2 Space cooling

Geothermal space cooling is also possible, either by running heat pumps in reverse or by
using vapour-compression, absorption or adsorption chillers.

Figure 2.8 shows the reversible heat pump arrangement used at Dunedin airport,

representing a design that could be replicated for large commercial premises. Simple
arrangements are possible for smaller applications.
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Figure 2.8. Dunedin Airport heat pump system showing a cooling circuit mode for summer cooling (Source -
MWH)
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