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10 years
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A plan to repower Australia with

100% renewable energy



Major questions

e Need?

e Technology?
e Reliability?
e Resources?

e Jobs?

Zero Carbon Australia

e Economics? Stationary Energy Plan

e Social and Political Will?
e Whatcanl do?

beyondZEROemissions.org




Science based - Solutions focused

b e Yy On d » Completely independent

* Probono contributions
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Zero Carbon Australia Stationary Energy
Plan Contributors

Zero Carbon A-ustralia
Stationary Energy Plan
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e
Zero Carbon Australia Plan (ZCA) -

Guiding Principles
e Blueprint for a Zero Carbon Australia in 10
years
e Fully accept latest climate science evidence

e Specifies only Commercial-Off-The-Shelf
technology

 Maintain or enhance Australia’s:
 Energy Supply security and reliability
 Food and water security

e Standard of living

beyondZEROemissions.org



e
/CA Stationary Energy Plan

e Stationary Energy =
Electricity from power
stations

A detailed, fully costed,
resourced model of

e Onewayto

e Repower Australia with
100% renewable energy
in 10 years

beyondZEROemissions.org



Endorsements

ENERGY

tute

International
Energy Agency

As the IEA has shown in its research, solar energy is now a serious global
player for providing the world's energy. Australia has one of the world's
best solar energy resource, especiolly suited for concentroting solar thermal
power plants, which can dispatch electricity when it is needed. The Zero
Carbon Australia Plan is based on up-to-date and sound information and
provides quality insights on how a country well-endowed in renewable
resources can transition to o solar and wind economy.
CEDRIC PHILIBERT
RENEWABLE ENERGY DIVISION
INTERNATIONAL ENERGY AGENCY

Peter Gration — former Chief of Defence

With our naturol advantage Australio can and should be positioning itself as
@ global renewable super power for future prosperity. This report will help
shift the climate debete to focus on energy, security, offordebility, export and

z;z::;;::;:,:c:f:::: f;_}:::d Zero Emissions offers o new and invigorating R O b i n B a tt e r h a m

ROBIN BATTERHAM
KERNOT PROFESSOR OF ENGINEERING, UNIVERSITY OF MELBOURNE

FPRRSARST sha  Nocil O S bk 4 o o s Former Australian Chief Scientist

S i e Tk A B S i lan Dunlop - Former Executive Director,

affordabie to replace all fossil fuel electricity with 100% renewable energy
given the willpower and commitment to do so. This is & cutting-edge science

sl g ey e Australian Coal Association

in Australia.

MARK Z. JACOBSON
PROFESSOR OF CIVIL AND ENVIRONMENTAL ENGINEERING
PROFESSOR BY COURTESY OF ENERGY RESOURCES ENGINEERING

i i Malcolm Turnbull MP

Published by the

Melbourne Energy Institute
University of Melbourne, July 2010
www.energy.unimelb.edu.au
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Superpowers
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Major Questions

e Need? -PartOne
e Technology?

e Reliability?

e Resources?

e Jobs?

e Economics?

e Social and Political Will?
e Whatcanldo?

Zero Carbon Australia
Stationary Energy Plan

rfl yon
(ZER

e
i

beyondZEROemissions.org



SN S S R T

HUMANITY CAN EMIT NOT MORE THAN 1 TRILLION TONNES OF CO,
BETWEEN 2000 AND 2050 TO HAVE A 75% CHANCE OF LIMITING
TEMPERATURE RISETO 2 °C OR LESS.

beyondZEROemissions.org



7 e Business As Usual Global -
6 oo Temperature Increase

_____________________________________________________________________________________________

“The difference between
2°& 4°
is human civilisation”
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Per Capita Global Carbon Budget 2010-2050
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Rate of emissions by nation
(tonnes of CO, per capita per year)
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Source; Prof. Hans Joachim Schelinhuber, Director, Potsdam Institute

beyondZEROemissions.org



Major Questions

e Need /

e Technology? -PartTwo
e Reliability?
e Resources?

e Jobs?
. P, Zero Carbon Australia
° ECOnomlcs . Stationary Energy Plan

e Social and Political Will? = (D
e Whatcanl do?
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Traditional Power Generation
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Traditional Power Generation
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Torresol Gemasolar in
full operation
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e
World Wind Power growth

e Global investment increased 30% p.a. in last decade
e China 150,000 MW by 2020

e Denmark 50% by 2025
20% in 2010

e Sweden 1100 Enercon Turbine Farm

beyondZEROemissions.org



Major Questions

e Need /

° Techno|0gy? - Part Three
o Reliability? ~ &Five
e Resources?

e Jobs?
: Zero Carbon Australia

* ECOnOm|CS? Stationary Enerugy Pllan

* Social and Political Will? - R

e Whatcanl do?
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e
100% Renewable Energy for

Australia - three main components

Concentrated solar Wind power Upgraded
thermal power electricity grid

beyondZEROemissions.org



Zero Carbon Australia Total
Electricity Energy Demand

e 325 TWh/yearin 2020
(Up from 230 TWh/year in 2010)

e population growth
e energy efficiency
e electrified transport & heating

beyondZEROemissions.org
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Repower Port Augusta

XNIABC News NEws B
Get the news now »
NewsHome Justin Localv World Business Entertainment Sport TheDum Weather Morev InDepth»  Programs~ r’;ﬁ*‘ropicsv.

i Print ) | B3 Email Facebook Twitter. | | 3 More =
= EiFece am Search ABC News

Port Augusta looks to new power source

Posted October 28, 2011 21:40:00
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L
100% Renewable Stationary Energy

Backup with bio-mass
and hydro

Concentrated Solar
Thermal with storage

Large scale wind
farms
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Major Questions

Need /

Technology
Reliability? - Part Four

Resources?
Jobs?

Economics?

Social and Political Will?
What can | do?

Australian Sustainable Energy
Zero Carbon Australia
Stationary Energy Plan

¥
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(ZERD)
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Demand

1,600

1,400

1,200

1,000 - | A WA |
3 m‘ I IW‘ 'lrﬂw
800 UMWVM v VN

600

GWh/day

400

200

0__.

QO 0 NS <
RSN
2008 Grid Model Results

beyondZEROemissions.org

X, y
RS R T A Sl



Wind Demand
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Wind + CST Demand
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Wind + CST + Hydro + Bio = Demand
[ [ I I I
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Major Questions

Need /

Technology
Reliability
Resources?
Jobs?

Economics?

Part Six

Social and Political Will?
What can | do?

Australian Sustainable Energy
Zero Carbon Australia
Stationary Energy Plan

- e
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Getting the job done in 10 years
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Peak Concentrated Solar ‘roll-out’

600,000 Heliostats

30 concrete towers

beyondZEROemissions.org




Enercon Viana Do Costelo Wind Turbine blade and tower
factories Portugal
250 towers per year 400 Jobs
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/CA 10 year Resource Requirements

] Australia 10 year production 2000
—— Potential Steel
. ZCA 1800 from ore exports
700 1600
1400
600 —
o 1200
S 500 -
IE 1000
c 400
g BO0O
= 300 -
= GO0
200 - 400
100 — 200
. ;|
Concrete Steel
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Labour Requirements

Total Installation Jobs for ZCA2020 electrical generation

B Transmission installation
B Biomass installation

B Wind Installation

B Offgrid Installation

B CST Installation

O Heliostat Manufacturing
0 Wind Manufacturing

B Wind &M

O Total CST O&M

v U
1}*?.'? 35\ 'pr '35} Bﬁ?
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Achievability — Jobs in context
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Major Questions

e Need /
. Technology/

. Reliability G
* Resources /

e Economics? - Part Seven |kl laE
e Social and Political Will?

e Whatcanldo?
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Solar Thermal Cost Reduction

$350
$300
$250
= 0&M
¥ Indirect
= 3200 H Balance of Plant
E = Electric Power Block
-
$150 M Steam Generator
B Thermal Storage
B Receiver
1
»100 B Heliostat field
$50
S0

13.5MW 50MW 100MW 200MW 220MW
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Investment: 3% of GDP for 10 years

Component $AU,Bn
CST $175

Backup Heaters $8
Bioenergy supply $6
Wind $72
Transmission $92
TOTAL $353
Off-grid CST + Backup $17
TOTAL + Offgrid $370

beyondZEROemissions.org



e
/CA per year and Australia’s GDP

ZCA
AUS GDP (2009)

| | |
0 200 400 600 800 1000 1200
$A Billion

e ZCA—S37Bn for 10 years
e Australian Gambling 2009 — S20Bn
e Australian Insurance 2009 — S23Bn

beyondZEROemissions.org



500

0

Economic Cost

325TWh/yr electricity
Net present value 2010-2040

(real 2010 AUSS Billion, 1.4%)

QOperations and
Maintenance costs

- BAU electricity ramp-down
operating and fuel costs

(2011-2020, ZCA2020 case only

- Coal and Gas for
electricity

B Coavital Investments

Business as usual ZCA 2020
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Major Questions

Need

Technology/

Reliability
Resources

Jobs /
Economics /

Social and Political Will?
What can | do?

Australian Sustainable Energy
Zero Carbon Australia
Stationary Energy Plan

Ao
(ZERO

beyondZEROemissions.org



Zero Carbon Australia - Conclusion

e Will secure our climate and future
e Technically doable

e Uses commercially available technologies

* Fully Resourced
e \We have the materials
e Jobsrich

e Fully Costed
e 3% of GDP for 10 years

beyondZEROemissions.org




T e
= \ . f..'. ~
1 3 j . :
I FesL t. 3 A
i = L Yo
i >, it
— - e b
]
1

ical Will

m1
al
%
©
O
O
= W
£

Fi' ]

il
] iy
xﬁ




_h__ | k .5_.___ / _:__:_.__,_ y £ ....___.W\.__\ o
____”. 5_ :::\\MN\R\_\\ ..___________..\,____“”
____. ._._.__.__..______H_m”ﬂ_______”__________\.\ _\. \ \ N.xx ____.._____‘__._.___f.,_.. HE !..........Il-...................l...]
[ | LI A
__.. ___._______.a_h__:“\\&\.\._\q\u\u‘“\uﬂ\u-h-\xrh\tlj

i g \M\x___.xb.,_f oy mw.xﬂﬂ..rl
___._._”__.. _..___.__.1 \. _.._.__........ - ..I_.___.
K _____._..__ME q / “ 1/ “&ﬁﬁw o N
T T ey

! gl

o Contribute

What can | do?

| ...... L LY __,_. _.,f___.
__.._.._...__.._.__...__.__r ___. \ .._
i | i\

/. ) ._.:.._._:__._._.._., _..__,..f__ W\ .

. 5
A ,__,__,,,_,._,,.,,,__._._.., Wt
_/d. iy ___d. LR L __._..___.d___.._.__,.__r .___._...._ ___._....f

ALY L WA ....._._.
\ 4 #.,,__Z__,_,_,f,...u...f....

.._. ._.__._._...



beyondZEROemissions.org



beyondZEROemissions.org



Net Present Cost $A billion (real 2010)

Cost to Economy — all energy

2,500

2,000

1,500

1,000

500

0

Business as usual

ZCA 2020
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Emissions (Stationary Energy)

Heating Gas - BAU or
ZCA2020 ramp-down

Qil - BAU or ZCA2020
ramp-down

Operations and
Maintenance costs

BAU electricity ramp-down
operating and fuel costs
(2011-2020, ZCA2020 case only

Coal and Gas for
electricity

Capital Investments




What about solar photovoltaic (PV) panels?
Germany — currently 20 GW / 82 million people
What if Australia had 5 GW (~22 million people)?

Detailed market modelling shows it would significantly reduce daytime
electricity prices - $625 million in 2010

100

Price if 5GW of solar

<— Historical wholesale PV was operational

electricity price ($/MWh)

80 |

Shaded area = savings |
to all consum

60

40 -

Spot price ($/MWh)

20

1 1
Jjan %2010 Jan 10 2010 Jan 12 2010 Jan 12 2(
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