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Outline

* Then — take us back to the year 2000
* Where were we at with sustainable

“ YOU THINK THEY'RE BEGINNING TO SEE THE LIGHT?"

e n e rgy? "Solar energy" | Etta Hulme Cartoon Archive

« What was exciting us? What scared us?
« What were our expectations ?

* Now — 2025
« What has changed?
* Which roads were travelled?
* What excites us now and what scares us?

THE STONE AGE DION'T
END BECAUSE WE RAN

-



https://sites.libraries.uta.edu/ettahulme/image/20114517

David Freeman

(Solar 2000 Keynote
Address)

Historians in the future may wonder why this
high-energy civilization of ours failed to pursue
the obvious. They may wonder why the
scientists and technicians chose to drill into the
depths of the earth, split the atom, ravage so
much of the earth and foul the air rather than
concentrate on harnessing the solar power that
is delivered free of charge to the earth’s surface.

The day has come when the domination of
energy scene by petroleum needs to end. The
day has come when we must begin to pull up
our blinds and let the sun come in.



Some Choice Presentations

Sun, Sex 2190 R{g[s8 . Brenda and Robert Vale, University of Aukland
Black Death « explored solar design principles in the medieval period

(-
FrOm leple on » Transformations in the RE Technical Training Business

=R 210 e MV [=AW/=IM - Wendy Miller, Trevor Berrill and Sasha Giffard,
in the Crown’ Renewable Energy Centre, Brisbane Institute of TAFE



What scares u

limate Change
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Australia’s re

energy target

Australia 2000

* 91.9% Fossil » 8.1% Renewables
« Coal-83.1% * Hydro - 7.6%
e Gas-7.7% » Other Renewables < 1%
* Oil-1.0% « PV and Wind — a tiny sliver within

the tiny sliver

Bagasse
Landfill
m Wood
PV
H Sewage
Wind
Coal

m Hydro

m Gas
m Qil

m Renewables

(Our World in Data https://ourworldindata.org/grapher/share-elec-by-source)

 Australia’s 2% Renewables Target (MRET)

» Increase of 9,500 GWh by 2010
» Asmall step in the right direction

2% MRET Industry Predictions

Solar Hot Water

9% Wind
Sewage gas 1%
5% —\

Landfill Gas__
8%

Wood Waste
9% Bagasse

68%

(Data from Redding 1998)
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» Predicted to supply most of MRET Australia bioelectricity 2019-20 (appendix-market-activity-and-
opportunities-australias-bioenergy-roadmap.pdf)
* Income stream to support sugar industry T R
 Significant contribution to industrial heat | T
/ b 1,425 GWh electricity in 201 9-20 = Sugar cane areas 5 ough
. Sugar mills
™ S\zrmﬁmin
@S Bulk sugar terminal ports
(Rocky Point Cogeneration Biomass Power Plant, Australia - Power Technology) NEW:SOUTH V'VALES
145%  Source: Queensland Sugar Limked 150°€

(Map of the Australian sugar industry (PDF)
Review of the development of the co-products industry in

Australia)
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Solar Water Heaters

« Dominant in MRET by 2009 |

. Declined after 2009 Bod whon the 15 And no eye-sore on

« Over 1 million houses have SHW doesn’t shine. . . the roof either
Electricity does!

RECs surrendered

20,000,000
ANNUAL INSTALLATIONS
18,000,000 OF SOLAR WATER HEATERS®
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(Clean Energy Council (2018) https://cleanenergycouncil.org.au/cec/media/background/resources/clean-

(Created from data sourced from the Clean Energy Regulator: REC Registry - Summary holdings) enerqy-australia-report-2018.pdf)
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Artists impression of CLFR at Stanwell Power Station (Burbidge, Solar 2000)

Solar Thermal
Electricity

Keith Lovegrove’s Big Dish solar thermal power station (PowerPoint Presentation
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https://www.researchgate.net/figure/Photograph-of-the-CLFR-prototype-system-at-Liddell-power-station-There-are-12-mirror_fig1_239803452
https://bigdishsolar.com/wp-content/uploads/2014/04/lovegrove_bigdish_solarpaces_berlin09.pdf

Geothermal Energy

Solar 2000

 120kW at Birdsville
e 1992 - 2017
« HDR

» Cooper Basin (SA) potential “would dwarf
the Snowy Mountains Scheme”

2025
* No active geothermal energy use in Aus
« Technological advances internationally

Temperature at 5 km depth (°C)

>235
D ;
<85

—— Transmission line

“§EECS geathermal exploratonived (Geothermal | Geoscience Australia)

lia. OZTHERM 2016.


https://www.ga.gov.au/aecr2024/geothermal

nergy (25 years ago)

« Exponential growth in Europe
« Denmark, Germany, Spain

* Queensland had Australia’s largest wind farm
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wind Energy — 2000 to 2024
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https://ourworldindata.org/grapher/cumulative-installed-wind-energy-capacity-gigawatts?country=~AUS

PV — Solar 2000

PV in 2000 = highest cost renewable energy

Photovoltaics $4004
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Figure 3. General long run marginal cost of renewable energy technologies in Australia.
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PV — Feed-in Tariffs and 100,000 roof targets

J ap an How Germany helped bring down the cost of PV for the world

When PV was still expensive, Germany built PV massively, accounting for up to two thirds of global installations

« NEDO, MITI
Germany 10,000

« 1991 = 1,000 roofs target; FiTs began 9,000 1
« 2000 = 100,000 roofs target; FiT increased 8,000
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( How Germany helped bring down the cost of PV | EnergyTransition.org)
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https://energytransition.org/2016/01/how-germany-helped-bring-down-the-cost-of-pv/

« Worldwide: solar power is doubling every three years
« Fastest growth rate for 20th year in a row

PV —_ G rOWth « Over 4 million PV systems installed in Australian homes

« more than 1 in 3 households

* PV is realising the promise that nuclear failed to deliver

The price of solar modules declined by 99.6% since 1976

Price per Watt of solar photovoltaics (PV) modules (logarithmic axis)
The prices are adjusted for inflation and presented in 2019 US-$. On average actua] insta]lations 600
5100"-.1976 ’
\\_1977 have been more than three
times higher than their
50 3
$ five-year forecasts
With each doubling of installed capacity the price
of solar modules dropped on average by 20.2%.
This is the learning rate of solar modules.
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gy g
OurWorldinData.org - Research and data to make progress against the world’s largest problems. by the author Max Roser

Why did renewables become so cheap so fast? - Our World in Data (@ Why everyone missed solar’s exponential growth)
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Solar power's explosive growth is happening worldwide

Electricity generation (TWh) and share of generation from solar (%), 2019 and 2024
Countries grouped and ordered by size of electricity generation from solar in 2024 (TWh)

Year @ 2019 @ 2024
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(Andrew Blakers — The journey of solar: What's possible in the next decade?)

(Global Electricity Review 2025 | Ember)



https://ember-energy.org/latest-insights/global-electricity-review-2025/

Renewable power growth pushed clean electricity above 40% of the
global mix in 2024

Generation (TWh) Share of generation (%)

Cleaner power

Global electricity generation by source (TWh)

Renewables

e

Source: [EA CarbonB ”?[
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China — Cleaner power

China added more solar and wind in 2024 than the
rest of the world combined

Solar and wind growth in 2024 exceeded coal
e Coal =1.8% (106 TWh) 10000
*  Wind = 11.9% (106 TWh)
« PV =42.8% (250 TWh)

Paradigm shift: Coal as support for solar and wind 8000
« Retrofits to enable flexible coal
» Allow operation of less than 35% CF
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Charts compiled from Our World in Data https://ourworldindata.org/grapher/share-elec-by-source )
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Australia — Cleaner power

Renewables overtaking fossils Australian electricity generation from renewable

» Coal plants progressively closed sources
» October 2025: renewables passed fossils in NEM
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(Open Electricity https://openelectricity.org.au)
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(Electricity generation | energy.gov.au)
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https://www.energy.gov.au/energy-data/australian-energy-statistics/electricity-generation

South Australia — A World Leader

South Australia Electricity Generation by Fuel (GWh)

100% RE by 2027

16000 .
— Government of South Australia
14000 Qur electricity supply and market | Energy & Mining
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Share of global generation from wind and solar, 2024 Portugal

(Ember (2025) Slidedeck-The-Electrotech-Revolution-PDF.pdf)
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« Battery prices fell by 40% in 2024

« 300,000 Australian homes now have battery storage

Battery storage

« Target = 1 million batteries by 2030

97% uninterrupted solar generation with battery every hour of every day is
now cheaper than coal and nuclear
Evolution of the LCOE of generation technologies since (2019-2024), USD/MWh

// e

Coal

EMB=R

(Ember Report - Solar electricity every hour of every day is here and it changes everything - Google Docs)

Total Installations
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HOME BATTERY INSTALLATIONS ARE BOOMING
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Cumulative total installations . Cumulative total capacity (MWh)

(CC_MVSA0430-CC-Report-Batteries V6-EA-Single.pdf)

Cheaper Home Batteries Scheme — Over 55,000 home batteries (over
1 GWh) installed in just over two months
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Storage o Batterles Record set at 11.05am on Thursday 10 April when

and Pumped batteries soaked up 1,327.5 MW of excess solar
Hyd ro energy in Australia’s main grid

Many sunny places can get at least 0% of the way to
constant 24/365 solar generation from around $100/ MWh

Share of 1GW constant electricity supplied, using 6 GW solar with 177 GWh
battery (2005-2023 average), and Levelized cost of electricity, USD/MWh
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Pumped Hydro Energy Storage Atlases | ANU RE100 Group

(Ember Report - Solar electricity every hour of every day is here and it changes everything - Google Docs)
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Global electric car sales, 2014-2024

520 BRest of World PHEV
; 12 ORest of World BEV
14 oUnited States PHEV
1§ mUnited States BEV
8 DEurope PHEV
6 BEurope BEV
; B China PHEV
0 mChina BEV
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
IEA. CCBY 4.0

Notes: BEV = battery electric vehicle; PHEV = plug-in hybrid vehicle. Includes new passenger cars only.

NEYV sales share in China the highest ever in August 2025
New energy vehicle sales accounted for 54.6% of the total vehicle sales in China in August
2025, the highest for a month since 2021.

New-energy vehicles

Sources: |IEA analysis based on country submissions and data from the European A ile Mar
(ACEA). European Alternative Fuels Observatory (EAFO). EV Volumes and Marklines.

(Global EV Outlook 2025 — Analysis - IEA)

Electric Vehicles — China changing the wor

Source: CPCA | REUTERS, Sep. 8, 2025 | By Sumanta Sen
The line chart shows the share of new energy vehicle sales and sales of ather fuel type cars in China. The sales share of new energy vehicles
was the highest ever for any month in August 2025.

(China's EV and hybrid sales growth at slowest in 18 months | Reuters)
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https://www.reuters.com/markets/asia/chinas-ev-hybrid-sales-growth-slowest-18-months-2025-09-08/

Electric Vehicles — Australia

« EV market share of new passenger, SUV and light commercial vehicles

8.45% in 2023
9.65% in 2024 :
12.1% in first half of 2025 Cheapest Electric Vehicle in Australia against new EV sales

[ ]
« 13.8%in Q3 2025 (9.7% BEV + 4.1% PHEV) — PRICE — SALES
« Over 410,000 EVs as of September 2025
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(EVC homepage - Electric Vehicle Council)

Cheapest EVs in Australia over the past decade

SALES


https://electricvehiclecouncil.com.au/
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https://www.drive.com.au/news/australias-cheapest-electric-cars-over-the-past-10-years/

A clean energy revolution

We are in the middle of an energy technology cost revolution

The cost of new energy technologies has fallen by 60%-80% in the past 10 years

$/MWh (2021 real)

Onshore Wind Offshore Wind Solar

Cost decline] Cost decline Cost decline Cost decline
250 1 | 1

1,000

57%1 73%1 80% 80%1
200 800
i
150 g 600
100 400

Fossil fuel range (LCOE)
50 200

Fossil fuel range (marginal cost) ICE (TOC)
ICE (sticker price)
0 0
2012 2022 2012 2022 2012 2022 2012 2022

Exponential energy change is all around us

Wind generation Solar generation Annual EV sales Annual battery storage sales
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0 [ — 0 R
2010 2020 2010 2020 2010 2020 2010 2020
CAGR 15% 29% 58% 54%

RMI - Energy. Transformed. Source: BNEF, BP, Ember; Note: CAGR is the compound annual growth rate between 2012 and 2022. Al data is global 6

(rmi_renewable revolution.pdf)

The world’s energy investment €d
landscape is changing

Evolution of global energy investment
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(International Energy Agency on X https://x.com/IEA/status/1950908076040610008)



https://rmi.org/wp-content/uploads/dlm_uploads/2023/06/rmi_renewable_revolution.pdf
https://x.com/IEA/status/1950908076040610008

Paradigm shifts

« Technology revolutions (RMI)
« Anew energy era
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RMI — Energy. Transformed.
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Source: Carlota Perez (first five), RMI (renewable age)
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Misinformation
Delaying the
Inevitable

 Merchants of Doubt

» Top Risk — World Economic
Forum

=
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“The wheels fell off:” It is raining!

Farmer tells Senate how You lied to me.
0o . . | can see it all
misinformation killed a
. from here.
community battery
project

Senators hear how

misinformation is costing
regional communities real
projects, money and trust.




Timing and Fairness

Economic logic makes the end of the

fossil fuel age inevitable. The only

guestions are: Will that end come in |
time? And will the transition be just? |

(Antdnio Guterres, Secretary-General, United Nations, special address on
climate action, 5 June 2024)
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Every individual matters. | e
Every individual has a role to play. === = ==
Every individual makes a difference. = :
T Jane Goodall

We have the choice to use o -
the gift of our life to make YLy
t he worldabetterﬁ“

or not to bother. N 7

T Jane Goodall

Our legacy lies with our j ,
grandchildren; with the world they = S

will inherit; a world that is seton = i

the path to sustainable energy ’ //ﬁ
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https://unsplash.com/@minigirl?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/grandchildren?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

