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Earth rise from Apollo 8, 
24 December,1968



“ Blue Marble “ photo of Earth from NASA’s Apollo 17 as crew 
travelled towards the moon   December 7, 1972
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1

1. Urgency of dealing with climate change
2. GHG, temperatures, sea level rise
3. Global issue not just Australia – carbon budgets
4. Rapid decrease in cost of renewable energy sources
5. Technical issues in transition
6. Opportunities – job creation, economic benefits
7. Role of electric vehicles
8. International examples
9. Australian examples
10.Some opportunities 



Climate is always changing. Why 
is climate change of concern now?
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The speed of the current climate change is 
faster than most of the past events, making 
it more difficult for human societies and the 
natural world to adapt.

ref: Climate Change Evidence and Causes – Royal Society and the US National 
Academy of Science
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Planet Earth is hotting up !
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• 16 of the hottest years on record have 
been since 2000.

• Arctic temperatures increasing faster 
than elsewhere. Now typically 3 deg C 
higher than in 1950



from :
Nature 28 April 
2017



CO2 from human activity
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• The CO2 level in 2012 was about 40% higher than it was in the nineteenth 
century. Most of this CO2 increase has taken place since 1970, about the time 
when global energy consumption accelerated. Measured decreases in the 
fraction of other forms of carbon (the isotopes 14C and 13C) and a small 
decrease in atmospheric oxygen concentration (observations of which have 
been available since 1990) show that the rise in CO2 is largely from combustion 
of fossil fuels (which have low 13C fractions and no 14C). 

• CO2 levels measured in air extracted from ice cores indicate that the current 
concentrations are higher than they have been in at least 800,000 years.

ref : http://royalsociety.org
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Sea level rise
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• Rise is due to increasing sea temperatures plus melt 
from glaciers and ice shelves.

• Previous IPCC reports suggested likely figures up to 
about 80 cm by 2100 but latest data shows likely to 
exceed 1 metre. Next IPCC report due in 2018.

• Sea level rise not the same everywhere. e.g off WA is 
now about 10 mm/yr (1 metre in 100 years)

• Many cities and some countries at risk from sea level 
rise



Global sea level rise 1880 to 2016



Sea level change in Western Australia – Application to Coastal Planning-
WA Dept of Transport 2010



Kiribati – the world’s lowest lying country – average height 2 metres above 
sea level

113,000 people
Most live in Tarawa
33 tiny coral atolls
3.5 m sq km 

'Our country will vanish': Pacific islanders bring desperate message to 
Australia



Sea levels set to 'rise far more rapidly than expected'
New research factors in collapsing Antarctic ice sheet that could double the 
sea-level rise to two metres by 2100 if emissions are not cut

Antarctica has the potential to contribute more than a metre of sea-level rise 
by 2100 and more than 15 metres by 2500, if emissions continue unabated. 
Nature 531, 591-597, 31 March 2016



The Changing Oceans

9

• The oceans slow the rate of climate change by absorbing over a quarter of the carbon 
dioxide released by the burning of fossil fuels and by storing over 90% of the excess 
heat accumulating in the climate system. These two changes, together with nutrient 
input into the oceans from fertilizer use and other pollution, are affecting the marine 
ecosystem by increasing the acidity of the oceans, decreasing subsurface oxygen 
concentrations, and increasing coastal nutrient loads. At the same time, ocean 
changes affect the terrestrial environment, being the primary source of the water 
vapor that drives global rainfall patterns. 

• Changes in ocean temperatures and currents and in the oceans' interaction with the 
atmosphere are already altering the frequency, intensity, and distribution of storms, 
droughts, floods, heat waves, and cold spells. 

• By 2100, rising sea levels from ocean thermal expansion and increasing ocean mass 
(from melting glaciers, ice caps, and the Greenland and Antarctic ice sheets) will 
expose an additional tens of millions of people annually to the risk of coastal flooding.

ref: John Church, 18 June 2010, The Changing Oceans, Science, vol 238, 
Issue 5985, page 1453



Paris December 2015 agreement (COP 21) 

197 countries agreed to limit their greenhouse gas emissions and to review   
(reduce) these limits every 5 years to try to limit  average global 
temperature rise to 2 deg C relative to pre-industrial levels. So far 141 
countries have ratified the agreement.
The likely outcome of the first round of INDCs, for 2020–30, is 
estimated to be a temperature rise of 2.7°C, in a range of 2.2°C–
3.4°C by the end of the century, compared with 3.7°C under 
‘business as usual’. This means that additional, and more stringent, 
measures are likely in the future. The Paris Agreement provides for this to 
happen through a five-year review cycle in which parties will submit 
progressively more ambitious contributions. 

Ref  J and B Mitchell, August 2016, Paris Mismatches –The impact of the COP 
21 Climate Change Negotiations on the Oil and Gas Industries, Chatham 
House, UK 



International examples of high 
penetration of renewable energy
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Rapid growth in deployment of 
renewable energy 
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The world added 98 GW of solar energy in 2017 
– more than any other energy sources.  This 
included 53 GW added in China.
Ref: New Scientist, 8 June 2018 

China is spending more on wind and solar 
combined than on coal and nuclear combined
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Europe in 2016 – 86 % of new power came from renewables 

New capacity added: 24.5 GW of which 21.1 GW was wind 

• London Array in 
North Sea

• 175 turbines 
• 630 MW
• 100 sq km area
• construction cost 

1.8 bn pounds
• The world’s 

largest offshore 
windfarm

• Opened July 
2014

ref 
www.londonarray.com



Gemini windpark offshore Netherlands just opened
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Dutch officials have opened what is being billed as one of the world’s largest 
offshore wind farms 85 km offshore, with 150 turbines producing 600 MW. 
Cost:  Aus $ 3 bn
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EU energy companies pledge no 
new coal fired power stations 
from 2020
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levelized costs (LCOE)
LCOE Is the average cost of producing electricity from a particular technology over 
its entire life, given assumptions about how the power station will operate.

It is the cost of power as delivered to the plant boundary. i.e does not include 
connection to grid or grid management costs

As defined in: Australian Power Generation Technology Report , 2015
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Increased use of electric vehicles
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There are a number of compelling benefits for electric cars over 
conventional petrol/diesel vehicles:

• Vast improvement in air quality in our cities.
• Reduction in health costs caused by air pollution.
• Less noise pollution. 
• Less CO2 into the atmosphere. Less poisonous and cancer 

causing emissions in our cities. 
• Electric cars are much cheaper to run and require minimal 

servicing. 
• The batteries are recyclable and not considered hazardous to 

the environment.

Why electric vehicles ?



Projected global sales of electric vehicles
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Tesla P850 electric car
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Range approx. 500 km.
Supercharging stations add 100 km range in 10 
minutes



Tesla 3 electric vehicle now in production





EV charging stations in SW WA

Perth
Fremantle
Mandurah
Harvey
Bunbury
Bussleton
Dunsborough
Margaret River
Augusta

Donnybrook
Nannup
Bridgetown 



From Guardian website 27 July 2017



• The global reserves of lithium and recent studies suggest 
supplies of Lithium are more than adequate to power the 
global fleet till at least the end of this century - see Global 
Lithium availability –a constraint for electric vehicles 
(University of Michigan, 2010)

• The global resource estimates are more than 38 million 
tonnes. 

• It is also estimated that seawater contains 230 billion 
tonnes. A South Korean company (POSCO) has developed 
technology to extract lithium from seawater. 

• Lithium is also recyclable and EV manufacturers such as Tesla 
and Ford have already implemented recycling for their battery 
packs. 

Lithium reserves



Japan now has more electric charging points 
than petrol stations.
As at May 10, 2016, Japan had 6469 
quick charging stations 
vs 3028 in Europe and 
1686 in USA.

ref:  www.theguardian.com/world/2016/may/
10/japan-electric-car-charge-points-petrol-
stations

Electric vehicles in Japan
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Australian examples of increasing use 
of renewable energy
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Opportunities 
• Energy network transformation – milestones following release of the roadmap 

28 April 2017
• Solar pv
• Concentrated solar thermal
• Improved batteries
• Electricity grid stabilisation
• Increased use of wave power
• Hydrogen from Ammonia – export potential
• Increased use of electric vehicles – need longer range and lower price
• Many new jobs in renewables. Germany aims to have as many as in German 

car industry.
• Mining sector to increase exploration for minerals required for renewable 

energies
• Chief Scientist Alan Finkel review mid 2017
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Live generation for Australian States at 1705 aest 10 May 2017
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www.reneweconomy.com.au/nem-watch widget by Global-Roam Pty Ltd

http://www.reneweconomy.com.au/nem-watch


Carnegie’s CETO wavepower
device – concept diagram
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Wavepower and desalination from 
Carnegie CETO system
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• Developed in Western Australia
• High pressure water at 1000 psi to generate electricity and run reverse osmosis 

desalination
• Now being implemented at Garden Island naval base near Perth
• Will be tested soon at Cornish wave hub in UK
• Latest version CETO 6 produces electricity within the buoy and does not send 

high pressure water back to shore
• CETO 6 proposed for Albany and has $ 20 m funding from WA government
• Carnegie advising Mauritius government on possible integrated system 

including wave, wind and solar 
• CETO 6 can generate 1.5 MW per buoy
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CSIRO  technology - hydrogen for 
fuel cell vehicles

CSIRO is developing technology to export Australia’s supply of gas and renewable 
energy in a form that can power next generation hydrogen fuel cell transport.

CSIRO is developing technology that will solve the problem of transporting 
hydrogen to bowsers that will refuel cars. The technology will also make it 
commercially viable to export hydrogen overseas as ammonia (NH3) for use in fuel 
cells.

CSIRO’s approach is to transport the hydrogen as ammonia (NH3) to bowsers, 
where it can be converted back to high-purity hydrogen for use in fuel cell vehicles. 
“CSIRO’s membrane reactor technology will fill the gap between hydrogen 
production, distribution and delivery in the form a modular unit that can be used 
at, or near, a refuelling station,” 

Ref: CSIRO media release 3 May 2017
36



Toyota fuel cell vehicle
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Toyota fuel cell vehicle



•.

New solar farm to be built by private sector in South Australia
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Lyon Group announces South Australia to get $1 bn solar 
farm (330 MW) and world's biggest battery (100 MW 
with 4 hours of storage)
System will include 3.4 m solar panels and 1.1 m batteries, 
with operations set to begin by end of 2017



Projections of solar pv, wind and battery growth in Australia
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Australia had 4 GW of solar pv installed  on 1.37 m homes as at Jan 2015



Lightweight 'printed solar' touted as a way to provide 
electricity in times of disaster

The creator of printed solar, Professor Paul Dastoor, at the trial site at the 
University of Newcastle. www.abc.net.au/news/2017-05-15



Large-scale solar industry takes off as 12 new plants 
secure finance (from ARENA)

Broken Hill solar farm.



New solar developments with ARENA funding



CSIRO's solar thermal hub is a dynamic solar research facility.



Concentrated solar thermal with salt storage 
proposed for Port Augusta in South Australia
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110 MW solar tower system proposed by US company 
SolarReserve. $ 110 m committed recently by Australian 
government. 
ref: www.reneweconomy.com.au
31 March 2017



released 28 April 2017
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The report finds that with a co-ordinated plan in 2050:
• Customers retain security and reliability essential to lifestyle and 
employment
• Networks pay distributed energy resources customers $2.5 billion per 
annum for grid support services by 2050.
• Electricity sector achieves zero net emissions by 2050
• $16 billion in network infrastructure investment is avoided by 
management of distributed energy resources like solar and batteries
• Reduction in cumulative total electricity network expenditure of $101 
billion by 2050
• Network charges 30% lower than 2016
• $414 annual saving in average household electricity bills (compared with 
roadmap counterfactual, business as usual, pathway)
• A medium family who cannot take up distributed energy resources is over 
$600 p.a. better off through removal of cross subsidies.
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source: Electricity network transformation roadmap, April 2017



The biggest contributor to our emissions is the electricity sector – around 
35% of all emissions:





from:
Three years to   
safeguard our 
climate,
Figueres et al,
Nature 28 June 
2017



http://blogs.nature.com/aviewfromthebridge/2017/07/17/chasing-coral/

17 July 2017





challenges

• Rapid global decrease required of Greenhouse gas emissions. 
Zero emissions of CO2 by 2050

• Need to keep up and improve Paris commitments.

• Trump not helping ! But progressive individual US states  and 
companies still going well with renewables

• Need for stable and agreed long range policies to enable 
further investments in renewable energies

• Managing the transition
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Some conclusions
• Climate change is urgent global issue that we all need to 

address
• Some solutions are emerging which create jobs, economic 

benefits, research opportunities and healthier environments
• Increasing deployment of renewables and rapidly 

decreasing costs
• Batteries and other forms of storage key to more use of 

renewables
• Economics and private sector investments will be key 

drivers
• Need for stable long range, agreed policies and viable 

roadmaps
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Spare slides



Further, faster, together
If we delay, the conditions for human prosperity will be severely curtailed.

There are three pressing and practical steps:

1. First use science to guide decisions and set targets. Policies must be 
based on robust evidence. Those in power must stand up for science. 
e.g President Macron in France.

2. Existing solutions must be scaled up rapidly. All countries should 
adopt 100 % renewable electricity production while ensuring that 
markets are designed to enable renewable energy.

3. Encourage optimism. Share success stories. 

Extract from  “Three years to safeguard our climate”.  Figueres et al , 
Nature 28 June 2017



Initiatives such as We Are Still In , an open declaration 
of continued support of climate action to meet the 
Paris agreement. The letter has now been signed by 
1,565 companies and investors, including giants such 
as Apple, Walmart, Microsoft, Adidas, Facebook and 
Google, as well as leaders from 208 cities and 
counties, nine US states and 309 colleges and 
universities

https://www.theguardian.com/sustainable-
business/2017/jun/30/no-more-business-as-usual-the-
corporates-stepping-up-to-save-the-planet
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Thank you

Paul Wilkes PhD
Senior Research Scientist
CSIRO Energy
Perth
ph:  08 6436 8697
email:  paul.wilkes@csiro.au



Andrew Vesey CEO of AGL Energy, opening 
address of Australian Energy Week in Melbourne  21 
May 2017

In the opening address at Australian Energy Week in 
Melbourne on Wednesday, Vesey – who heads the 
country’s biggest owner of coal-fired power station –
said that technology was driving the new market 
direction, which was to large-scale renewables, 
firmed up by gas and soon battery storage.





Al Gore, whose new film An Inconvenient Sequel: Truth to 
Power was released in July 2017, said

“There is now in our world a sustainability revolution and it’s 
best understood, in my view, by placing it in the context of 
other great global transformations – the agricultural 
revolution, the industrial revolution, the digital revolution,”

“This sustainability revolution has the breadth and 
magnitude of the industrial revolution but it has the speed of 
the digital revolution”





from:
Three years to safeguard our climate.  Figueres et al , Nature 28 June 2017



by 2020 here is where the world needs to be



by 2020 here is where the world needs to be
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