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Opportunity Drivers
Responding with

* What'’s driving clean energy?

Environmental protection

Energy ~ <
trilemma

Energy costs

The Energy Trilemma [Qiu et al., 2011]

carbon taxes,
renewable energy
certificates and
obligations and
feed in tariffs

Security of energy supply
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Renewable Energy Market

* One of the fastest growing markets for emerging
technologies

e S330Billion

e Shift to growth in developing countries

e 22% Global energy consumption

e Geothermal 78TWh in 2014 ‘104TWh in 2020

ERD
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Many Opportunities

From an Industry Development perspective:

e Less about individual opportunities and more
about developing broad new industries where
a number of companies can find opportunities.

Innovation in Metals
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Two key focus areas:

A

 Marine energy (wave and tidal)

e Geothermal and waste heat
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Marine Energy: Wave
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Gearboxes

L
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Wave Powered Offshore Fish Farms
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Energy for Remote Communities

Series-6 Series-12 18m
7.5kW 75kW
now testing in development
6m 12m ‘
I.- AR . . o & L
5kW Single storey
=3 Island house
typical Island

wind turbine
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Albartern
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Albartern Unloading
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NZ MARINE ENERGY CENTRE
BUSINESS CASE

Benefits of EMEC (GVA): 2003-2011

e Orkney: S115M
e Highland & Islands: S139M
e Scotland: $234M
o UK: S299M

Total: S787M
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Marine Energy: 2035

 Asia Pacific: S8B p.a.
* New Zealand: S1B p.a.
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Geothermal and Waste Heat
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Geothermal

Geothermal is a broad category

High and low temperature

Utility scale
Outside current capability

Lots of opportunities in low temperature
Typically Organic Rankine Cycle
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Where is the Market?

Potential Fields of ORC Application

IERD
Innovation in Metals

Potential Markets and Niches
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Potential Markets and Niches

Niches:

Co-producing Oil Wells
Wellhead Micro ORC
Direct use ORC
Tri-generation ORC

Geothermal

Scaling Mitigation
Biomass Boosting
Smart Controls
Robust ORC
Variable Heat Source ORC

naovakion in Metals

ABOVE GROUND GEOTHERMAL & ALLIED TECHNOLOGIES

Science Base
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Research:

Product 1

Research
Next Product
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AGGAT Science Programme
Research Theme Reseal Research Areas
Aim
Technology Concepts 1S1-1, 1S2-1 Cycles, Design
Tools,
Materials,
Modules
Heat Transfer & Design 1S1-2,1S1-3, Heat transfer,
1S1-4,1S2-2 Materials,
Fluids
Turbine design & 1S1-5, 1S2-3 Turbines,
Performance Materials,
Fluids
Control Systems 1S1-6, 1S2-4 Control
Systems, Cycles
Binary Fluids 1S1-3, 1S1-5 Fluids,
Materials
Tanovation in Metals)

- Relative performance of
thermodynamic cycles?

- Plant scale up dynamics?
- Technology integration?

- Hybrid energy/technology?
- System modelling?
- Process research?
- Module size?

- Technology / cgst’evaluation system

- Steady / unsteady state process
control?

- Control systems simulation vs. reality?
- Validation of controls under different
operating conditions?

- Generic control strategy?

- Remote access?

- Remote monitoring?

- Remote operations?

- Whole life — cost decision making

AGGAT

- Expanders or turbines?

- Size & design?

- Turbine wear and corrosion?

- Turbine scaling / fouling?

- Turbine substrate materials?

- Effect of fluids on turbine wear?
- Effect of fluids on work done?

- Fabrication approach?

- Blade geometry?

- Life cycle analysis?

- Power output vs. enthalpy drop?
- Surface chemistry/engineering?
- Turbine scale up dynamics?

e

- Individual or mixture?

- Zeotropic or non-zeotropic?
- Natural or synthetic?

- Heat transfer vs. expansion ratio?

- Fluid selection and optimisation for
thermodynamic, environmental, safety
agd process related measures?

- Heat exchanger selection?

- Scaling chemistry / mechanisms?
- Corrosion?

- Scaling/corrosion on welded
surfaces?

- Surface chemistry / engineering?
- Fluids vs. heat transfer capability?
- Scale up dynamics?

TET

mnovation indietals

14



18/09/2015

Allied Activities

Geothermal Capability
Register
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HEAVY ENGINEERING RESEARCH ASSOCIATION

Why Renewables?

Many niches
Global market
Expanding market
High value
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90-95%
Trades &
Technical

Two Companies: A Comparison

NZ

—

$14M

100
Staff

(_H'H

—

—

S60M

HERA - Innovation in Metals

Admin

R&D

Marketing

45-55%
Trades &
Technical
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Innovation is not the result of chance, it’s the result of action.

Thank You

Nick Inskip: General Manager Industry Development

Phil McKinney
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