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Part 1: Renewable Energy

 What’s happening – some news items

 Trend – Investment in electricity

 Trend – Cost of electricity



Electricity Generation
2019 average

Australia: 30.3 GW

https://www.abc.net.au/news/2020-07-30/nt-sun-cables-australia-project-
awarded-major-project-status/12506516

https://www.abc.net.au/news/2020-11-10/renewable-
energy-hub-ditches-asian-cable-for-ammonia/12862916

https://www.energy.gov.au/sites/default/files/Australian_energy_statistics_2020_infographic_Australia.pdf
265,117 GWh ÷ 365 days ÷ 24 hours = 30.3 GW

Proposed cable to 
Singapore to be 
replaced by 
exported ammonia 

First discussed 2014
1743 wind turbines
14 km² solar panels

Two proposed projects

No. 1

No. 2

https://www.abc.net.au/news/2020-07-30/nt-sun-cables-australia-project-awarded-major-project-status/12506516
https://www.abc.net.au/news/2020-11-10/renewable-energy-hub-ditches-asian-cable-for-ammonia/12862916
https://www.energy.gov.au/sites/default/files/Australian_energy_statistics_2020_infographic_Australia.pdf


Storage
Peak demand

StabilityBatteries
Hornsdale South Australia

• 2017: 100 MW – was the world’s largest
• 2020: Expansion to 150 MW
• Cost $90M
• Saving SA consumers $150M in first 2 years

https://www.abc.net.au/news/2020-11-14/agl-announces-big-new-battery-on-
torrens-island/12883924

https://www.abc.net.au/news/2020-11-05/new-tesla-
battery-for-moorabool-victoria/12851698

https://www.abc.net.au/news/2018-09-27/tesla-battery-cost-revealed-two-years-
after-blackout/10310680

https://hornsdalepowerreserve.com.au/

https://www.abc.net.au/news/2020-11-14/agl-announces-big-new-battery-on-torrens-island/12883924
https://www.abc.net.au/news/2020-11-05/new-tesla-battery-for-moorabool-victoria/12851698
https://www.abc.net.au/news/2018-09-27/tesla-battery-cost-revealed-two-years-after-blackout/10310680
https://hornsdalepowerreserve.com.au/


https://www.westernpower.com.au/our-energy-evolution/projects-
and-trials/powerbank-community-battery-storage/

https://www.westernpower.com.au/faqs/community-batteries/community-batteries/where-are-the-community-batteries-located/

https://www.westernpower.com.au/our-energy-evolution/projects-and-trials/powerbank-community-battery-storage/
https://www.westernpower.com.au/faqs/community-batteries/community-batteries/where-are-the-community-batteries-located/


https://www.woolworthsgroup.com.au/page/media/Latest_News/woolworths-group-to-be-powered-by-100-green-energy-by-2025-in-move-set-to-help-grow-renewable-sector/

https://www.woolworthsgroup.com.au/page/media/Latest_News/woolworths-group-to-be-powered-by-100-green-energy-by-2025-in-move-set-to-help-grow-renewable-sector/


https://www.fmgl.com.au/workingresponsibly/climate-change-and-energy

https://www.fmgl.com.au/workingresponsibly/climate-change-and-energy


https://www.bbc.com/news/science-environment-54981425

https://www.bbc.com/news/uk-49578790

UK was 2040
Now 2030

https://www.bbc.com/news/science-environment-54981425
https://www.bbc.com/news/uk-49578790


https://www.airbus.com/newsroom/press-releases/en/2020/09/airbus-reveals-new-zeroemission-concept-aircraft.html

… three concepts for the world’s first zero-emission commercial aircraft which could enter service by 2035.  

… to support the company’s ambition of leading the way in the decarbonisation of the entire aviation industry.

https://www.airbus.com/newsroom/press-releases/en/2020/09/airbus-reveals-new-zeroemission-concept-aircraft.html


2020
 November 
 March

https://www.abc.net.au/news/2020-11-09/nsw-
government-32-billion-renewable-energy-plan-

announced/12862276

https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2020-fact-sheet.pdf

https://www.abc.net.au/news/2020-11-09/nsw-government-32-billion-renewable-energy-plan-announced/12862276
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2020-fact-sheet.pdf


https://www.rba.gov.au/publications/bulletin/2020/mar/pdf/renewable-energy-investment-in-australia.pdf

https://www.rba.gov.au/publications/bulletin/2020/mar/pdf/renewable-energy-investment-in-australia.pdf


Some non-technical challenges
Confusion, misinformation, baseless claims,

political opportunism and self-interest

Part 2: Historical Examples



Goldfields Water Supply Scheme: 1896 – 1903

Sir John Forrest
Premier of WA

John Forrest moved to Federal politics in February 1901.
No longer able to protect the project and C. Y. O’Connor from attacks.

George Throssell took over as premier until 1901 election

Premier George Leake (May 1901 – Nov 1901 & Dec 1901 – June 1902) 
had long been an opponent of the scheme.

C. Y. O’Connor
Chief Engineer

Attacks on pipeline project and C. Y. O’Connor

• Prolonged criticism by the press and WA Parliament

• Baseless accusations of incompetence and corruption

• Royal Commission drove O’Connor to take his own life 
(10 March 1902) before posthumously vindicating him

Charles Yelverton O’Connor

• Port of Fremantle – “impossible” inner harbour

• Railways

• Goldfields pipeline / Mundaring Weir / Pumping Stations

Statue of O'Connor
and horse at 
C. Y. O'Connor Beach

Genuine debate?
Vision?

Baseless claims & lies? 
Political opportunism? 

https://www.engineersaustralia.org.au/sites/default/files/content-files/2016-
12/program_booklet_for_mundaring_weir_golden_pipeline_no._1_rev_march_2016.pdf

https://www.engineersaustralia.org.au/sites/default/files/content-files/2016-12/program_booklet_for_mundaring_weir_golden_pipeline_no._1_rev_march_2016.pdf


War of the Currents

Déjà vu (in reverse!)

Back to the 1880s

United States of America

A literally shocking history!  Electricity: AC or DC?

Commercial self-interest
or

Concern for public safety?

Misinformation campaign
or

Public debate?



Nikola TeslaGeorge 
Westinghouse

Thomas Edison

War of the Currents – some key players

DC Rivals – with money              AC
“The man who invented 

the 20th Century”
Major contributor to AC power



Incandescent light bulb

(development & improvement)

1879

Thomas 
Edison

But there was no electricity supply
(no electrical appliances!)

So as well as manufacturing light globes, 
Edison also had to build power stations

Background
Commercial success

Quadruplex telegraph
1874 (age 27)

Four separate signals on a single wire

Phonograph 1877
Celebrity status



Stopping a train
Train driver signals with whistle.

Brake men would jump from car to car on a 
moving train applying hand brakes.

Serious train crashes
5000 brake men per year killed or injured

Background
Commercial success

George Westinghouse
1869 (age 22) - Train air brakes

Also enabled faster & longer trains



Nikola Tesla

• Inventor 300 patents
• Invented radio (court awarded patent to Guglielmo Marconi)

• Invented AC induction motor
• In later life avoided people – loved pigeons
• 8 languages:

Serbo-Croatian, Czech, English, French, German, Hungarian, Italian, Latin
• Slept no more than two hours per night
• Worked every day
• University dropout
• Memorised complete books
• Arrived in USA in 1884 with 4 cents
• Worked for Edison – fell out with Edison
• Worked for Westinghouse
• Polyphase (3 phase) AC power
• “Invented the 20th Century”
• Died in debt



Voltage Number of kettles Length
Weight of copper

Per metre Total

230 V 1 kettle 30 m 18 g 540 g

230 V 1000 kettles 30 m 18 kg 540 kg

230 V 1000 kettles 30 km 18 tonnes 540 000 tonnes

230 kV 1000 kettles 30 km 18 g 540 kg

The kettle
“Back of an envelope” 

engineering calculation

“Voltage drop” of 5%



High & Low voltage
Economies of scale

Long distance transmission

Unsafe?

Low voltage
Unsuitable for long distance transmission
Requires a power station every city block

Safer?

132 kV 22 kV

House 
supply

Jeanes Road - Karrinyup

Vs

Transformers



Timeline – War of the Currents

1869 George Westinghouse: Train air brakes

1874 Thomas Edison: Quadruplex telegraph

1879 New Jersey Thomas Edison: incandescent light bulb

DC

1882 New York Thomas Edison: power station

1882 London

1883 Milan

1884 New York Nikola Tesla arrives in USA with 4 cents in his pocket

AC 1886

Rome

London

USA George Westinghouse started building AC systems

1887 USA “War of the Currents” started by Thomas Edison



War of the Currents

Edison losing sales to cheaper AC systems

Numerous “deaths by wire”. The “Electric Wire Panic” was a media
frenzy and public outcry. Calls for manslaughter charges. Blame settling
on Westinghouse.

Anti AC crusader, “independent” electrical engineer Harold Brown was
eventually exposed as being in collusion with Edison.

Public (and sometimes slow) electrocution of dogs, calves and a horse to
demonstrate danger of AC high voltage

Electric chair was developed (by the state) for capital punishment.
Edison assisted by surreptitiously acquiring Westinghouse AC generators.

130 years of hindsight, experience, regulations, training and equipment.   
How differently we (the general public) see the situation.

New York October 1889
John Feeks

Body burnt for half an hour
Horrified crowd of thousands

Commercial self-interest or concerns for public safety?

Misinformation Campaign or Public Debate?



Panamá has two seasons – the “rainy” and the “very rainy”



Copper ore – 8 mills – total 184 MW (= 80 000 kettles!)



High voltage (230 kV) switching operation – Panamá





Directlink
NSW-QLD (2000)

±80 kV, 180 MW, 65 km

Basslink
VIC-TAS (2006)

400 kV, 500 MW, 290 km

Murraylink
SA-VIC (2002)

±150 kV, 220 MW, 176 km

High Voltage DC
Reasons:
• Long distances – especially cables
• Network stability
• Cost of transmission (after a point)



Part 3: Climate Confusion



Victoria Police

2019 – 2020 bushfires started by arsonists?
https://www.abc.net.au/mediawatch/episodes/news-corp-fire/11925590

News Corp.

https://www.abc.net.au/mediawatch/episodes/news-corp-fire/11925590


Shane Fitzsimmons
NSW Rural Fire Service Commissioner 2007-2020
NSW Australian of the Year 2020

• Less time for burning due to longer fire seasons
Volunteers need to find weekends that are not too hot, 
not too cold, not too wet.
Community opposition to smoke.

• Fires race through areas burnt 2 years ago.  Would have 
to burn everywhere every year!

2019 – 2020 bushfires
Hazard reduction / unprecedented?

https://www.abc.net.au/mediawatch/episodes/news-corp-fire/11925590

• “Greenies” stopping hazard reduction burning

• Fires are not unprecedented

News Corp.

https://www.abc.net.au/mediawatch/episodes/news-corp-fire/11925590


Guess the SOCIALIST! Clues:

• Passionate Climate Change Speech to UN General Assembly

• Instrumental in the passing of the Environmental Protection Act 1990

• Establishment of the Intergovernmental Panel on Climate Change (IPCC)

• The ONLY Prime Minister of the United Kingdom with a science degree

• The first female Prime Minister of the UK

News Corp.

Margaret 
Thatcher

https://www.bbc.com/news/science-environment-22069768

https://en.wikipedia.org/wiki/Margaret_Thatcher

https://www.youtube.com/watch?v=VnAzoDtwCBg

https://www.theaustralian.com.au/commentary/climate-change-signals-part-of-socialist-plot/news-story/a29d692e6efed92606cdf4e56315c0be

https://www.bbc.com/news/science-environment-22069768
https://en.wikipedia.org/wiki/Margaret_Thatcher
https://www.youtube.com/watch?v=VnAzoDtwCBg
https://www.theaustralian.com.au/commentary/climate-change-signals-part-of-socialist-plot/news-story/a29d692e6efed92606cdf4e56315c0be


https://insurancecouncil.com.au/issues-submissions/issues/climate-change

https://insurancecouncil.com.au/about-us

https://www.actuaries.asn.au/library/events/GIS/2010/NaturalDisastersInAustralia-Paper.pdf

Some of the reasons for these increasing trends over time include (Munich Re 2009):
• socio-economic developments, such as increasing concentrations of values (i.e. more

people living closer together in cities)
• rising population
• settlement and industrialisation of exposed areas (e.g. increased settlement of

coastal areas)
• Climate change and the increase in major weather-related natural disasters.

https://www.munichre.com/en/risks/extreme-weather-apac.html

https://insurancecouncil.com.au/issues-submissions/issues/climate-change
https://insurancecouncil.com.au/about-us
https://www.actuaries.asn.au/library/events/GIS/2010/NaturalDisastersInAustralia-Paper.pdf
https://www.munichre.com/en/risks/extreme-weather-apac.html


Sea level rise

https://www.cmar.csiro.au/sealevel/sl_hist_few_hundred.html

https://climate.nasa.gov/vital-signs/sea-level/

https://www.cmar.csiro.au/sealevel/sl_hist_few_hundred.html
https://climate.nasa.gov/vital-signs/sea-level/


Seas at Hillarys have risen 10mm 
annually on average since 1993 …

… WA’s sea level is rising more than 
double the global average …

State Government report



CSIRO
University of WA
University of Tasmania 
Australian National University
Etc.

Paper by Neil White (CSIRO) and others (2013): 
https://www.sciencedirect.com/science/article/pii/S0012825214000956

https://www.sciencedirect.com/science/article/pii/S0012825214000956


Alternative view!

https://www.skynews.com.au/details/_6066635998001 News Corp.

https://www.skynews.com.au/details/_6066635998001


Part 4: Predicting the Future



Predicting “the past”  – less likely to be wrong!

1900 – spot the car 1913 – spot the horse

New York City – Two Easter Sunday Mornings



Genius is one percent inspiration 
and 99 percent perspiration

Thomas Edison
Scientific progress & innovation

Never common sense
Never popular opinion

Conspiracy Theories
• Anti vaccination
• Fluoride in water
• 5G causing COVID-19
• COVID-19 is a hoax
• Etc. etc. etc.

If we knew what we were doing, it 
wouldn’t be called research, would it?

Albert Einstein

“Shooting the 
messenger”

COVID-19 – China & USA



Telegraph

Telephone

Electric light

Radio

Television

Industry

Manufacturing

Electrical appliances

Electronics

Computers

Mobile phones

Electric cars

Battery 
(“Voltaic Pile”)
Invented 1800

“Uncommon” sense

https://www.youtube.com/watch?v=NUUeGianTKM

“Volt”
Unit of electrical potential is named in his honour

The Story of Electricity - BBC Documentary – 3 hours

Alessandro Volta

Who invented 
this battery?

Hint: Household name

Two wires

https://www.youtube.com/watch?v=NUUeGianTKM

