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Hydro Tasmania

Hybrid power system capability

Government owned business — 100 year history
approx a third of Australia’s renewable energy generation

Utility responsible for generation, distribution and retail
in the Bass Strait islands (develop, own & operate)

High cost systems, power is subsidised
renewable energy used to reduce operating cost

Developer, owner and operator of world leading hybrid
/, off-grid systems

Valued advisor to utilities

Successful turnkey contractor, systems integrator

Hydro  wentura rmomentum
Tasmania energy
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Hybrid power systems

Benefits and challenges

M Depreciation (4%)

Off-grid power = Fuel (95%)
. . pe 1 0&M (4%)
significant cost & supply challenges
security / reliability a key concern
Renewable energy technologies can offer significant cost ?I;Z')filoif'g”d
and performance benefits — lower LCOE breakdown

Adding renewable energy can introduce reliability issues

Displacing synchronous generation

requires enablers —> range of options
RE system
Hybrids can be costly and complex -> planning

O&M

investment

Diesel

Potential for poor operability — low reliability

Potential for underutilisation of assets — over Diesel -

Hydro Existing New
Tasmania
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King Island case study : 1998-2014

Source: Google Earth

Population 1,600 2.5MW peak load 6MW diesel 12GWh pa  450km of 11kV
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1998 — First Wind Farm

Low renewable energy penetration

750kW wind

“Low hanging fruit”
Deliberately limited RE installed
No impact to operations

Simplified Solar PV example
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2004 — Wind Farm Expansion

Medium renewable energy penetration

2.45MW wind (1.2MW min load)
RE controlled (limited) protect diesels

Some RE is wasted (curtailed)
At this point you need enablers

Simplified Solar PV example
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2008 — First enabling technology

Enhanced medium renewable energy penetration

Enabling technology — Dynamic Resistor (Load bank) elements
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Resistive elements artificially increase the load: convert excess to heat

Load balance is maintained (dynamically by resistors) — not diesel generators

More RE is utilised — more diesel savings

Hydro N . . : :
Tasmania Counterintuitive : taking spilled energy & converting to a useful service

The power of natural thinking



2014 — Diesel off operation

Ability to operate at 100% RE penetration

The need to always operate diesel
generation has been a key barrier
to renewables

Next logical challenge to switch off

To achieve 100% RE penetration
systems require:

Surplus RE capacity

Full automation — high speed
communication and control

' e Enabling systems — that replace
King Island flywheel — supports system without diesel generation I . ided bv di |
Consumes spilled renewables to operate all services provige y diesels
Also an instant start diesel generator to provide firm capacity Inertia, voltage regulation, fault

current, reserves, firm capacity
Hydro
Tasmania
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2014 - Energy Storage

An enabling technology option for high RE penetration

=3 :
3 Absorb excess RE (increase the load)

Recover excess RE (power injected)

Provide a range of services

100 - ————————
80 - Reserves — sustain 100% RE
60 - / a Regulation — frequency control

Power — system security

' Block shifting — energy recovery

12 16 20 24
Time (hours)

Australia’s largest battery — 3MW / 1.5MWh King Island




2014 - Demand management

Real-time aggregated load control

Aggregates controllable customer i
load to provide ancillary services

supports system during high <
renewable energy variation ”
Fast discrete load shedding -
Prevents feeder level load [i{ﬁ
shedding — no customer impact Hot Water

Charging electric vehicles during
periods of excess RE generation

Shift RE to transportation ==

Real time data provided to Data Reporting PV control EV Charging
customers via smart phone app

Wireless private network
Hyd .
Té’sn';%nia Round trip response : 500ms

The power of natural thinking



2014 - Biodiesel blending facility

Fuel flexibility, emissions reduction

“ In-Line Biodiesel Blending Plant

Use of biodiesel can contribute to a 100 per cent

sustainable system, reducing cost and greenhouse E;
gas emissions. Z=Z
Biodiesel can be blended with mineral 7
diesel on demand, at any blend from =
5-100 % biodiesel. <=
<
\'» / ’ In-line blending allows the power station to be

« \ \ easily switched from biodiesel to mineral diesel,

Crop residues maintaining flexibility of fuel supply.

Insulation and heating of tank and pipework
allows use of a wide variety of feedstocks through

L Y Biodiesel
' '} 2 r ’ all seasons.
% v

' /Animal byproduct Hydro
Hydro e Tasmania
P The power of natural thinking
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King Island

Proven, robust, reliable utility grade advanced hybrid
World first 100% renewable operation at MW scale

S2m savings per year >3,000 hrs of 100% renewable operation

Renewable generation Thermal generation Enabling technologies

2014
390 kW 2012 Diesel
Solar PV uninterruptable power

Total Capacit
4 Existing diesel 2014 SUppIL (Aywhieeh

engines Biodiesel D-UPS
6 MW total blending
plant

Solar photovoltaic

2008
Resistive frequency
control

Diesel generators

Dynamic resistor

1998 2003
3 wind 2 wind
turbines turbines e 2014
750 kW 1700 kW - Energy storage
: (advanced lead
Wind farm acid battery)
Advanced automated control
2014
Smart Grid
Smart Grid - demand side management
< WORLD
prd ENVIRONMENT
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Tasmanla m Australian Renewable ey WWINNER
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King Island system operation

Extended “diesel off” operation
Combined performance of enabling systems

Power (kW)
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Flinders Island case study : 2015-2017

Source : Google earth

Population 600 1.3MW peak load 3MW diesel 6.7GWh pa >200km of 11kV

Hydro
Tasmania

The power of natural thinking




Objective : reduce cost of deployment

Integration activities traditionally costly and time
consuming

King Island development required Flinders Island Hub utilises modular scalable

significant on site construction, enabling systems requiring minimal site works
expected as a first time development

Hydro
Tasmania

The power of natural thinking
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Installation and site overview




Rottnest Island case study : 2015-2017

Source : Google earth

Tourist island 600,000 visitors pa 1.1IMW peak load 2.1MW diesel 5GWh pa

Flinders Island

Hydro
Tasmania
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ROTTNEST ISLAND WATER RENEWABLE ENERGY NEXUS PROJECT

Supplying cleaner, lower cost energy and water services in remote communities
Integrate wind and solar PV with water desalination (demand management)

Existing
b > wind
— E turbine
Control @
System and New PV
dynamic —> array
Resistor P
<« 600kW
} . \I./
w Desalination
XCI _II-_Igdro . Existing power Control 45% renewable
» @ 1aSmania station



ROTTNEST

& *
Z % Hydro

b Awirian Govrament Tasmania
- o %mm The power of natural thinking

Due for completion by March 2017 ($6.3m)
* Install 600kW solar PV (integrate with existing 600kW WTG)
* Supply control system and dynamic resistor
* Implement demand management of desalination
e “shift” renewable energy using demand response

-~
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Coober Pedy case study : 2016-2017

Source : Google earth

3MW peak load

'

(G%'ottnest Island

Remote inland mining town (islanded):
- hot, dry arid climate

excellent solar,
- good wind

Flinders Island




Coober Pedy Renewable Hybrid Project

Hydro Tasmania engaged as D&C contractor
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Want to see a 100% RE hybrid operating?

See i0S smart phone app & web site
www.kireip.com.au

00000 Telstra = 2:14 pm .
I.x Hydro King Island Renewable Energy
= KIREIP Dashboard Tasmania Integration Project

The power of natural thinking
Project informaton His Lry. =yorid O-Gid Power SysEms Neas King isiand Community Unks Aop Contact
Wind
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ro Tasmania embarkad ona

oming one of Australia’s Live data - King Island Advanced Hybrid Power Station
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Thank you
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