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Renewable
Energy Target

 The Australian Government expanded RET has
mandated the introduction of an extra 45,000
GWh of annual renewable generation by 2020,
In addition to the existing annual 15,000 GWh,
and 9,500 GWh committed from the MRET

e This Is to be encouraged by Renewable Energy
Certificates as a liability for wholesale energy
purchasers (demand), and a source of revenue
for renewable generators (supply)



Renewable
Energy Target

 Federal Government Renewable Energy Target (RET)
— 60,000 GWh (20%) of energy from renewable sources by 2020
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Renewable
Energy Target

RET increase from 2010 to 2020 is 35,000GWh pa
Renewables are intermittent

— Operate 30% of time on average
New generation needed for 35,000GWh pa is 14,000MW

Queensland ‘share’ of Australia wide total is about 25%
— 3500MW
— this is 30% increase to Queensland’s installed capacity

North Queensland could supply much of the 3500MW
— Possibly 80%
Need new thinking about transmission
— Local transmission augmentation
— Long distance transmission to load centres eg in South East Queensland

— Bidirectional links can fill dual role eg to supply Mount Isa with reliable base load
energy and returning renewable energy to the grid

— Could have several in parallel

— AC transmission cannot share power efficiently but DC transmission can and
does



QLD Grid Zones with Possible Link(s) by 2020



NEM Interconnectors




Where else does this happen? —
North America



China




Africa




Europe



Renewable Market Rules

RET will be funded by the value of RECs

REC price Is set by market — a method to
encourage most efficient renewable
generation

RECs maximum price is $40/MWh (non
tax deductible price; at corporate tax rate
of 30% equivalent to $40/0.7 =
$57.3/MWh)



Renewable Market Rules

REC price is the difference between the pool price for
that region and the cost (LRMC) of the marginal
renewable generator

All renewable generators need to be able to meet their
LRMC with the help of RECs revenue to be competitive
with gas and coal generation

REC market price will reduce as carbon price will uplift
pool price
Winning renewables will have:
— Economies of scale
— Generate at times of high pool price (eg summer daytime peak)
— Avoid transmission congestion
— Avoid low marginal loss factors
— Located in region with higher pool prices



Renewable Generation

 Renewable generation comes in many forms
wind
Solar (including solar water heating)
Hydro
Geothermal
Bagasse
Landfill gas
Biomass
Wave (eg CETO in Fremantle)



Renewable Energy Types

e Wind
— Least expensive form of
renewable generation apart from
hydro generation (new

opportunities for which are
limited in Australia)

e Solar

— Photovoltaic (PV): Cost effective
solution for remote locations with
relatively small loads

— Solar thermal: Relatively
expensive emerging technology,
but expected to decrease in
capital cost over time



Renewable Energy Types

e Geothermal

— Geothermal heat pumps
— Hot dry rock geothermal energy

« Bagasse

— When sugar cane is crushed and
the sugar removed, a fibrous
material remains (bagasse), which
can be burnt in boilers to generate
electricity

— Sugar mills with installed
generation capacities beyond their
own needs can export electricity to
the grid



Renewables and the Grid

 Renewable generation require a connection to the grid since they are not
transportable and are often established at remote, resourceful sites



Renewables and the Grid




Renewables and the Grid

Modelled crustal temperature at 5 km depth, using Austherm data, OZ SEEBASE™ depth to basement and basement
temperature gradient defined by heat flow provinces. The temperature data contained in this image has been derived from
proprietary information owned by Earth Energy Pty Ltd ABN 078 964 735.



Registered RECs by type, 2001-
2008 (so far)

6000000 O Wood Waste
0O Wind
O Waste from Processing of Agricultural Products
5000000 0O Solar Water Heater (Deemed)
0O Solar
0O Sewage Gas and Biomass-Based Components of
Sewage
4000000 @ Sewage Gas
B S.G.U. - Wind (Deemed)
MWh B S.G.U. - Solar (Deemed)
3000000 1 B S.G.U. - Hydro (Deemed)
B Photovoltaic
O Municipal Solid Waste Combustion
2000000 -
O Landfill Gas
@ Hydro
B Food Waste
1000000
O Food And Agricultural Wet Waste
B Crop Waste
0 @ Black Liquor
2001 2002 2003 2004 2005 2006 2007 2008 | @ Bjomass-Based Components of Municipal Solid Waste




HVDC Technology

e Advantages over AC Transmission

— DC is the only practical solution for sea cable interconnections over
50km
— Interconnected system do not need to operate in synchronism

— Power transfer set independently of impedance, phase angle, frequency
and voltage

— The interconnection can be used as a fast system’s generation reserve
to be able to provide power immediately

AC DC
AC
DC AC




HVDC Technology more compact and efficient



Latest HVDC Technology

» Voltage-Sourced Conversion
(VSC)

— Insulated Gate Bipolar Transistors
(IGBTs) allow more advanced
switching with turn-on and turn-off
capability

— Self-commutated conversion

— Capable of supplying reactive
power

— HVDC Light (ABB) and HVDC
PLUS (Siemens)

— A good candidate for connecting
remote offshore wind generation



HVDC Technology

« HVDC Light — DirectLink
— Commissioning year: 2000
— Power rating: 180 MW
— Voltage: 80kV
— No. of poles: 2
— Conductor Type: Cable
— Distance: 65 km

— Main reason for choosing HVDC.:
Long distance, large-power
underground interconnection
between two separate AC
transmission systems



HVDC Technology

« HVDC Light — Caprivi Link
Interconnector
— Commissioning year: 2009
— Power rating: 300 MW
— Voltage: 350 kV
— No. of poles: 1
— Conductor Type: Overhead Line
— Distance: 970 km

— Main reason for choosing HVDC:
Long distance, weak networks

— First time HVDC Light to be used
for overhead lines



HVDC Technology

San Francisco 200kV
HVDC Link

— Commissioning year: 2010
— Power rating: 400 MW

— No. of poles: 2

— Conductor Type: Submarine
Cable

— Distance: 88 km

— Decrease transmission grid
congestion in the East Bay
and increase the overall
security and reliability of the
electrical system



Summary

Large efficient renewable developments needed for economies of
scale

20% renewables by 2020

60-80% reduction in emissions targetted by 2050

Renewables will demand an expanded grid to manage intermittency
Large power transfers need to be directed to specific points in grid

New technologies rely heavily on power semiconductors, particularly
dc transmission

Technology is developed and operational in many countries
including Australia (Basslink, Murraylink, Directlink)



