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Introductions

 Brian Carey
 Geothermal Manager

GNS Science ‘ ‘
e Vice President

NZ Geothermal Association ‘ e
* Chair

Geothermal Heat-pump Association of NZ
(GHANZ)

Trust you enjoy todays presentation
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Introduction

 Big Hand Waver

Actually no

Skinny hand waver




Background

Mechanical Engineer

Ministry of Works — Wellington + Wairakei - 1981
— |EA Two Phase Power Turbine Test Programme

— Steamfield Design Engineer

New Zealand Electricity — Wairakel - 1985

— Station Engineer

Electricity Corporation of NZ — 1987

Contact Energy - 1996

— Geothermal Resource Manager

GNS Science — Wairakei — 2007
— Geothermal Manager
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GNS Wairakel Research Centre

~ /5 Total
~ 35 Geothermal Team
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GNS Science Geothermal Team
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Geologists

Services

Greg Bignall

Geology Team Leader
Geothermal Geology / Petrology /
Alteration Mineralogy / Resource
Evaluation

Andrew Rae

Petrology / Alteration Mineralogy /
well targeting / Rig Geology

Isabelle Chambefort
Geology / Petrology / Alteration
Mineralogy / Mineral Isotopes

Mark Lawrence

David McNamara
Cecile Massiot
Image Log Interpretation

Samantha Alcaraz
Angela Prieto
3D Geological Modeller, GIS

Fiona Sanders

Brandon Lewis
Rig Geologists
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Royal Society Presidents Award 2011

For research based
technology enhancing PRESIDENT'S AWARD
renewable geothermal 2011
energy used in New B
Zealand

DR GREG BIGNALL

AND

GEOTHERMAL GEOLOGY TEAM
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Geothermal Geophysicists

Chris Bromley

Geothermal Geophysics, Resource
Assessment, Environmental Effects
& Monitoring Specialist

Supri Soengkono
Magnetics, Gravity

Rob Reeves
TEM, surface monitoring, groundwater

Sophie Pearson
Reservoir Modelling

Stephen Bannister
Seismic / Microseismic Specialist
Steve Sherburn

Grant Caldwell
Ted Bertrand

Wiebke Heise
Graham Hill

MT / Electrical Methods Specialist
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Geochemists + New Zealand Geothermal
Analytical Laboratory

Ed Mroczek NZ Geothermal Analytical Laboratory

Geo chemistry Team leader
Geothermal (water and gas)
chemistry / Resource Evaluation /
Plant Chemistry, Resource
Monitoring

Bruce Mountain
Geochemist, Methods
Development , Hydrothermal
Experimental Geochemist

Stuart Sanderson Eleven Staff
Laboratory Manager
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Others

Extremophile Team

Matt Stott

Microbiology Team Leader

Liam O’Halloran Duncan Graham
Field Technicians - Sampling

Plus PhD Students

Karen Houghton  Jean Power
Research Assistants

Nellie Olsen  Sarah Milicich Kevin Lee  Julia Bjorke
(Chemistry) (Geology) (Microbiology)  (Chemistry)
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Blessed as a nation with

Fantastic Ge})%rmal Energy Resources
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Live on top of this amazing Heat Engine

Taupo Volcanic Zone*

Iil / /
/
/

Aust-Indo Plate

—

Pacific Plate
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Terms and Units

Capacity
—  kw, MW, GW, TW

Energy — capacity times time
—  kWh, MWh, GWh
— kJ,MJ, GJ, TJ, PJ, EJ

1 Exa joule = 1000 Peta joule

Electricity and heat
— Same units but different quite different energy forms
— Electricity higher quality form
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Uses of Geothermal Resources

Convert it to Electricity
Use directly as heat energy

Lower temperature geothermal energy
— Can be pumped to a useful temperature

 Geothermal Heat Pumps (GHP)
— Ground Source Heat Pumps

Source of novel microbes
Tourism
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World Scene
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World Installed Geothermal
Electricity Generation Capacity
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GNS Science Involvement

 Chris Bromley
Senior Geothermal Geophysicist
GNS Science - Wairakel

Lead Author

IPCC — Geothermal Energy
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Geothermal Capacity Growth
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Geothermal Energy Growth
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Geothermal Direct Heat Energy Growth
2010 to 2050 by Region




Geothermal Electric Energy Growth
2010 to 2050 by Region




New Zealand Scene 6

a
ML
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New Zealand Scene

« No 6in the world for installed geothermal
electricity generation capacity

 Worlds largest geothermal heat use at one site

e Slow In other direct use and Geothermal Heat
Pumps
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Geothermal Generation Capacity — 6™

Bertani 2010
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Locations for Power and Large industrial

Kawerau

Auckland

/

i

Wairakei

Ohaaki

Rotokawa
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Growth Geot

10000

Electrical GWH

9000

8000

7000
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NZ Electrical Energy Nett Generation
GWH per year
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Geothermal — Percentage of Total
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2005 Electricity Mix




2011 Electricity Mix




Further Growth in NZ Geothermal Capacity

« Te Mihi Uenukukopako - 160 Mwe

« Two 80 MWe Toshiba Steam Turbine Machines
— Replaces some of Wairakei so =110 MWe Increment
— Scheduled on line 2013
e First unit early 2013
—  $623 Million
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Further Growth in NZ Geothermal Capacity

« Ngatamariki — 80MWe
Under Construction
Scheduled on line by mid 2013
Organic Rankine cycle
$440 Million

GNS Science



Futher Growth in NZ Geothermal Capacity

e« NST Kawerau — 20MWe
— Later in 2012

« Consents in place for more
— Tauhara — 250 MWe
— Other consenting activities and investigations

e More to come
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More to come

e 2020 - 20%
« What if we are able to develop deep resources

> 30 %

8
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Hotter and Deeper

Taupo Volcanic Zone*
/

4
g
4

"\\_Non-productive

delivery

Aust-Indo Plate

High Temperatures Pacific Plate
Large potential
Can we access ?
Permeability ?
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Possibly Very Large Deeper Resource

Depth 3500 m to 7000 m
Tiniia = 260 to 350 °C
Tsng = 180 °C 100 years out
600 km? — beneath the convective systems

10,000 MW(e) for 100 years ?
Non one knows

Big enough to say its worth looking.

GNS Science



Permeability that can be tapped is key to
realising deep geothermal potential
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Hotter and Deeper —work going on

 Gaining a better understanding of :
— Deep structure of the Taupo-Reporoa Basin.

— Physical and chemical nature of deep fluids, and
their flow paths.

« Deep MT and Seismic field work completed
— Some analysis completed

 Progressing planning towards a deep hole with
an international science component

GNS Science



Southern TVZ imaged

MT Measurement sites — nominally 2km
spacing — subject to landowner approval

GNS Science



Inversion Models

Models shown to 15 km depth

GNS Science



Looking forward

International science drilling project
to >5 km in Taupo-Reporoa Basin.

Well planning

« 45,55 and 6.5 km holes being
Investigated

... Will require engineering and
science innovation

GNS Science



International Continental Scientific
Drilling Programme (ICDP)

Programme that releases funds for advancing data
acquisition for scientific advancement in land drilling
projects

New Zealand is a member (GNS manages this)

Possible source of up to $1 million USD per project
(from a pot of $4M/y).

Funds are for data gathering - not analysis or
Interpretation

GNS Science



Taupo Volcanic Zone — Deep Geothermal Drilling Project
TVZ — DGDP

Application for funding for deep drilling, coring and data
acquisition in a>4 km TVZ deep hole is underway

GNS is leading the funding application
Expression of interest lodged and accepted
NZ geoscience/engineering workshop : August 2013

Full proposal to ICDP for science drilling funds : January 2014
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Time for more planning
ahead of deep well drilling

GNS Science



Contact people at GNS Science

Greg Bignall

Geology Team Leader
Wairakei Research Centre
ph 07 376 0161

Email : g.bignall@gns.cri.nz

Brian Carey

Geothermal Manager
Wairakei Research Centre
ph 07 374 8211

Email : b.carey@gns.cri.nz

GNS Science



NZ blessed withqeat gift to unwrap

| -




But Really How Does It All Work
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Methods to Produce Well Fluids

« Self discharging - boiling
e Pumped discharge

At surface

« Use single phase fluid
o« Separate water and steam
« Two phase fluids

GNS Science



Pump wells

e Temperature <170 to 180 °C
 Maintain liquid under pressure
— Can assist geochemically

e Two types
— Downhole
— Line shaft

GNS Science



Downhole

Wellhead

Motor
Controls

Electric
Cable

Well

Casing AN

Multi-stage
Pump

Pump
Intake

Seal Section
(protector)

A N |
[ 3355 |
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Line Shaft Pump

Lineshaft

Pump Column

Controls

ubrication
Column Spacer

(Centralizer)

See Detail

Drawings .
Open Lineshaft
Bearing Lubrication

Tubing Discharge
(Pump Column) Head Lineshaft
Enclosing Tube

Pump Column

Column spacer

enclosed Lineshaft
Bearing lubrication
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How to deal to a two phase mixture

GNS Science



Two Fluid Streams available for Generation

e Steam — Steam Turbine plant
 Water — Organic Rankine cycle plant

 Vapour Expansion is the driving mechanism for
power turbines

GNS Science



Condensing Steam Turbine Plant

Cooling Tower

" _ Hot Moist Air
Electricity to Grid

Transformer
11/ 220 kV

Steam Turbine
Generator

Condenser

Reinjection
Well
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Cooling Towers — Turbine Hall

GNS Science



Water to Organic Rankine Cycle

Or Binary Cycle

GNS Science



Simplified
Organic Cycle
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Te Huka - Preheaters and Vaporiser

GNS Science
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Direct Heat Use

Array of technologies
Kiln Drying of timber
— Two phase fluids

— Steam

Clean Steam Generation
Heat and cool
Desalinate water

Smorgasbord of uses

GNS Science



Direct Heat — Kiln Drying

GNS Science



Direct Heat — Creating Clean Steam

GNS Science



NST — Kawerau
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Miraka - Mokai

MB Century
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SCA - Kawerau

Dobbie Engineers

GNS Science



Growth in Direct Geothermal Use

(From White, 2011)
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Geothermal Direct Use Targets for New Zealand

« New Zealand Energy Efficiency and
Conservation Strategy 2011 — 2016

3'd Edition ‘

7
—
N
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Geothermal Direct Use Targets are not new

« 2nd Edition of NZEECS October 2007

e Up to an additional 9.5 PJ per year of
energy from woody biomass or direct
use geothermal by 2025 (p12)

« By 2025 increase direct use geothermal

by 2 PJ per annum off a 10 PJ per
annum 2005 base (p38)

GNS Science



Geothermal Direct Use Target

e Up to an additional 9.5 PJ per year of
energy from woody biomass or direct
use geothermal by 2025 (off 2005 base).

7

)
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Low Temperature Geothermal @ GNS

Commenced in 2008

A three (plus) year FRST programme
And now core GNS programme

Lead by
Lisa Lind

Chemical Engineer
Email

More Information from GNS

Melissa Climo
Email

GNS Science



Stock Take

e Earth energy < 150 ©C
— Resources
— Technology
— Planning Framework

— Social Understanding
« Arange of organlsatlons.

K
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Low Temperature Geothermal @ GNS

Reports
Case studies
Fact Sheets

— Are all freely avalilable
Visit the GNS Science web site to download

For general Information

For the reports
Learn More
6th item down

GNS Science
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Today — | will draw on material from

Technology review
Cito Gazo + Lisa Lind

Social Understanding Study

Brendan Doody + Julia Becker

Heating and Cooling Demand Study

Pieter Rossouw + Lisa Lind

Low Temperature Geothermal Energy Road Map
Melissa Climo + Brian Carey

GNS Science



Technology Report

Have a read

Low temperature geothermal energy — Technology Review
Cito Gazo + Lisa Lind 2010

GNS Science



Heat Pumping

e Space heating
e« Space cooling
 Water heating

GNS Science



Two Basic Ways Moving Low Temperature
Earth Energy

 Closed Loop Systems
« Open Systems - Fluid abstraction

GNS Science



Closed and Open Systems

D /\‘l

Vertical Horizontal

Closed loop heat pump systems (source: Geo-Heat Centre)

D=, A

Open loop heat pump systems (source: Geo-Heat Centre)
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Closed Loop

 Fluid transfers heat as it is pumped around :
a piping system buried in the ground, or
Immersed under water

e Down hole heat exchangers

e Geothermal Heat Pump

GNS Science



Watch Hybrid Technologies Develop

* Very energy effective
GHP and solar systems

o Coefficients of performance of 6

GNS Science



Social Understanding - Survey

Examine public knowledge and understanding of
Low Temperature Geothermal

— Including Geothermal Heat Pumps
Behavioural drivers - consumer energy use
Residential Focus

GNS Scien®®



Quantitative Survey

Qualitative - Interviews

Quantitative Survey
— 3500 Random Households

716 returned

GNS Science



Residential householders’ heating and cooling
practices report

/‘

)

Brendan Doody + Julia Becker

ﬁ '\‘\ Have a read
S
&
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Low Temperature Geothermal

 Low level of understanding

« Most people unaware
—  “Never heard of it”.

« Some offered suggestions:

— “Not very hot steam”.

— “Using geothermal services which aren’t quite [at] as high
temperatures [...] Maybe it’s using the residual energy and
hot water that’s coming out of a power plant”

GNS Science



Geothermal Energy Use Perceptions

Generate power

Tourism -

Bathing

Swimming

Cooking

Pulp and paper mills

Space heating

Greenhouse cultivation

Aquaculture

Heat pumps

Space cooling 8.7
I I I I I I I I

0 10 20 30 40 50 60 70 80
Number of respondents (%)
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Technology Transfer

e Soclal Process
 Trusted agencies




Decision making on Technology iIs a social
process!

GNS Science



Heating and Cooling Energy Growth to 2025

e Report
Energy Demand estimation for cooling and heating in NZ
Pieter Rossouw + Lisa Lind 2010

e Historical data — 2007

« Demand predictions - 2025
— By sector

— By temperature range
< 100 °C
< 150 °C

GNS Science



< 100°C H+C Energy Demand Growth — 20 PJ

Survey data 2007

Primary Prod

Projected
Manufacturing
+4 PJ

Commercial + 10 PJ

GNS Science



< 150°C H + C Energy Demand Growth — 32 PJ

Projected

Primary Prod

Manufacturing
+14 PJ

Commercial
+ 10 PJ

GNS Science



Focus on largest sector growth increase by 2025

@0 to 100 Celsius
W 0 to 150 Celsius

PJ per Year

= B

Residential Commercial Manufacturing Primary Production

Sector
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Two Sector Focus

« Manufacturing 100 °C to 150 °C
— Taupo Volcanic Zone and

— Possibly natural thermal gradient for larger size
Installations

e Commercial <100°C

— GHP’s - space conditioning and water heating ?

GNS Science



Challenge - Grow Geothermal Direct Use

How do you do this ?

Available and trusted energy advice
The right technology in the right place
Sound Practise

Show casing

Communicating and celebrating

GNS Science



Developed a Roadmap

e Much broader than GNS Science

 Road to follow seeking the

— long-term, wider spread development of low
temperature geothermal resources in New Zealand

« How do we get there expeditiously ?
— Actions and initiatives

GNS Science



Low Temperature Road

GNS Science



Low Temperature Geothermal Road Map

Forward Initiatives
Communications
Case Studies
Fact Sheets

Interagency Collaboration
Studies

GNS Science



Geothermal Case studies — 20

GNS Science



Fact Sheets -4
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Geothermal Heat-pump Association of NZ

Formed in 2012
Charter

Amalgam of parties

— Interested in developing a quality geothermal heat
pump sector for NZ

Web presence

GNS Science



Agencies - working together

+ Industry
+ Others

GNS Science



Critical steps for informed decision making on
low temperature geothermal

Increase awareness of
resources, applications and
technologies

Develop educational, technical
and marketing collateral

In sync planning and policy
regime

Focus in high and growing
energy demand areas

Showcasing

GNS Science



Lots more heat in the NZ tank

Get Into It @




Renewable Energy Feasibility Study Grants

Funding available for feasibility studies

— that investigate direct use of bioenergy or
geothermal energy

EECA — 2 funding rounds through

Funding for 40% of the cost of a study
(EECA funding capped at $20,000)

Programme rolled up into the industrial
feasibility study grants

GNS Science



Industrial Feasibility Study Grants

- Funding available for feasibility studies

— For 40% of the cost of a study with EECA funding
capped at $20,000

Got questions or to discuss a particular project please

email or
call 0800 358 676

GNS Science



Join the New Zealand Geothermal Association

e NZGA
« Membership application -

« GHANZ
« Membership application

And tick the heat pump box at the bottom of
the application form

GNS Science



Lots more heat in the Pacific tank

Get Into It @




Geothermal New Zealand

e NZ Industry and

expertise penetration
Pacific market

Indonesia

Chile

Japan

« Mike Allen
Steering Group Chair

e Chris Mulcare - NZTE

GNS Science



Get Into It @

\

/]
Wi




Thank You
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