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Disclaimer 

The information presented is unpublished and the result of preliminary research. The 
information presented has not been subject to the necessary internal or external 
review for peer reviewed publication. The findings are not to be relied upon or cited. 



Statements of exclusion 

“We don’t need nuclear energy” 
“We can/must meet this challenge with only renewable technologies” 
 



Reality is the only certainty 

• The only systems we know can work… are those working today. 

System Fuel Mix Example CO2 Emissions (g kWh-1) 

Fossil fuel dominant Australia 847  

Mixed fossil/nuclear/hydro/ variable renewable USA 528 

Nuclear dominant France 77 

Hydro/nuclear Sweden 22 

Mixed fossil/nuclear/biomass/variable 
renewable 

Germany 468 

Hydro/wind /fossil New Zealand 177 

Geothermal Iceland 0 



100 % renewable, as popularly conceived, 
does not exist 

Therefore,  
• “We can run on renewables” is hypothetical 
• Only potential evidence comes from literature 
• How strong is the evidence? 
• How can the literature be assessed? 
 
• Proposition: Australia can meet its electricity requirements from 100 % 

renewable energy sources 
 



The burden of evidence 

• The most compelling literature will show: 
– Supply meeting demand 
– System resilience to Low Variable Renewable Energy Resource 

Events (LVREREs) (1:5, 1:10, 1:20, 1:100, Black Swan)  
– Developed nation consumption levels (within reasonable range) 
– Reliant on currently commercial technology only 
– Identification of transmission requirements 

The case will be improved by: 
– Constraint of biomass dependence 
– Constraint of novel new storage requirements 
– Constraint of reliance on demand side management 



Assessing possibility, not feasibility 

• No constraint applied on:  

– Cost 

– Speed of roll-out 

– Materials requirements 

– Social/democratic support 

– Planning concerns 



Studies Assessed 
Name Authors Scenario 

year 
Coverage 

Zero Carbon Australia Wright & Hearps 2020 Australia 

Energy [r]Evolution Greenpeace 2050 Global 

WWF Energy Report WWF 2050 Global 

Zero Carbon Britain Allen et al 2030 United Kingdom 

Energy System Analysis of 100 % renewable energy systems – The 
case of Denmark in the years 2030 and 2050 

Lund & Mathiesen 2050 Denmark 

Providing all global energy with wind , wave and solar parts I and 
II 

Jacobsen & Delucci 2050 Global 

A 100 % renewable energy system for New Zealand utilising 
hydro, wind geothermal and biomass resources 

Mason et al 2005-2007 New Zealand 

The first step towards a 100 % renewable energy system for 
Ireland 

Connolly et al 2007 Ireland 

A 100 % renewable energy system in the year 2050: The Case of 
Macedonia 

Cosic et al 2050 Macedonia 

100 per cent renewables study: Modelling outcomes, final report Australian Energy 
Market Operator 

2050 Australia (NEM-
only) 

Simulations of scenarios with 100 % renewable electricity in the 
National Electricity Market  

Elliston et al 2010 Australia (NEM- 
only) 

Australian Sustainable Energy – By the numbers Seligman Unclear Australia 



Slash demand, boost electrification 

• The starting point is a total reinvention of energy supply 
• Many elements may be beneficial 
• As evidence for the proposition, it is compromised by cascading 

assumptions 

Name  TPES from 
baseline year 

 TPES from 
reference 
scenario year 

 Q electricity 
from baseline 
year 

 Q electricity 
from reference 
scenario 

Zero Carbon Australia 42 % - 143 % - 

Energy [r]Evolution 97 % 60 % 232 % 96 % 

WWF Energy Report 80 % 50 % 212 % 

Zero Carbon Britain 46 % - 210 - 

Energy System Analysis of 100 % renewable energy 
systems – The case of Denmark in the years 2030 
and 2050 

47 % 41 % 156 % - 

Providing all global energy with wind , wave and 
solar parts I and II 

92 % 62 % - - 

A 100 % renewable energy system in the year 2050: 
The Case of Macedonia 

68 % - 201 % 



Absence of system simulation 

Example of system simulation from Elliston et al 2011 



Absence of system simulation 
Name Scenario 

year 
Coverage SIMULATION MODIFIED 

DEMAND 

Providing all global energy with wind , wave and 
solar parts I and II 

2050 Global N Y 

Energy [r]Evolution 2050 Global N Y 

WWF Energy Report 2050 Global N Y 

Zero Carbon Britain 2030 United 
Kingdom 

Y Y 

Energy System Analysis of 100 % renewable energy 
systems – The case of Denmark in the years 2030 
and 2050 

2050 Denmark Y Y 

Zero Carbon Australia 2020 Australia Y Y 

A 100 % renewable energy system in the year 2050: 
The Case of Macedonia 

2050 Macedonia Y Y 

A 100 % renewable energy system for New Zealand 
utilising hydro, wind geothermal and biomass 
resources 

2005-
2007 

New Zealand Y N 

The first step towards a 100 % renewable energy 
system for Ireland 

2007 Ireland Y N 

100 per cent renewables study: Modelling 
outcomes, final report 

2050 Australia (NEM-
only) 

Y N 

Simulations of scenarios with 100 % renewable 
electricity in the National Electricity Market  

2010 Australia (NEM- 
only) 

Y N 

Australian Sustainable Energy – By the numbers Unclear Australia Y N 



Biomass: Rejected by Jacobsen & Delucci 

• “Similarly, here we do not consider any combustion sources, 
such as coal with carbon capture, corn ethanol, cellulosic 
ethanol, soy biodiesel, algae biodiesel, biomass for electricity, 
other biofuels, or natural gas, because none of these 
technologies can reduce GHG and air-pollutant emissions to 
near zero, and all can have significant problems in terms of 
land use, water use, or resource availability”  



Biomass: Essential in simulations 

 

Name % TPES 
Biomass 

Installed generating 
capacity biomass (GW) 

% Total electricity 
biomass 

Zero Carbon Australia - 15 2 % 

Energy [r]Evolution 15 % 490  6 % 

WWF Energy Report 34 % - 13 % 

Zero Carbon Britain 24 % - 0 % 

Energy System Analysis of 100 % renewable energy systems 
– The case of Denmark in the years 2030 and 2050 

63 % - 36 % 

Providing all global energy with wind , wave and solar parts I 
and II 

0 % 0 0 % 

A 100 % renewable energy system for New Zealand utilising 
hydro, wind geothermal and biomass resources 

- - <0.5 % 

The first step towards a 100 % renewable energy system for 
Ireland 

82 % - 69 % 

A 100 % renewable energy system in the year 2050: The 
Case of Macedonia 

24 % 0 0 % 

100 per cent renewables study: Modelling outcomes, final 
report 

- 14 18 % 

Simulations of scenarios with 100 % renewable electricity in 
the National Electricity Market  

- 24  14  % 

Australian Sustainable Energy – By the numbers Seligman Unclear Australia 



Biomass: Consequences 

• “Denmark grows a lot of wheat, which can be replaced by other 
crops such as corn, leading to a much higher biomass production 
while still maintaining the same outputs for food.” Lund & Mathiesen 

• “This is also 59.6% of the potential biomass resource in Ireland, 
although this is a total potential and not a residual potential, i.e. it 
does not account for land that may be unavailable to avoid 
effecting food production or other industries” Connolly et al 

• “19.8 PJ of biomass may be too high for Macedonia and  because of 
that additional energy efficiency measures are needed in order to 
decrease the biomass needs” Cosic et al 

• “The maximum land use for bioenergy cropping in the scenario is 
250 Mha in 2050” WWF Energy Report 



Storage Dependent 

 

Name Storage 
dependent 

Detail 

Zero Carbon Australia Y Molten salt 

Energy [r]Evolution Y Molten salt , hydrogen, distributed storage (EV) 

WWF Energy Report Y Pumped hydro, centralised hydrogen storage, 
heat storage 

Zero Carbon Britain Y 126 TWh of hydrogen for storage in salt caverns, 
convert to syn gas 

Energy System Analysis of 100 % renewable energy systems – The 
case of Denmark in the years 2030 and 2050 

N 

Providing all global energy with wind , wave and solar parts I and 
II 

Y Assumes no constraint on several storage types 

A 100 % renewable energy system for New Zealand utilising 
hydro, wind geothermal and biomass resources 

Y Pumped hydro 

The first step towards a 100 % renewable energy system for 
Ireland 

N No additional capacity 

A 100 % renewable energy system in the year 2050: The Case of 
Macedonia 

Y 5 x increase in storage capacity 

100 per cent renewables study: Modelling outcomes, final report N Molten salt 

Simulations of scenarios with 100 % renewable electricity in the 
National Electricity Market  

Y Molten salt 

Australian Sustainable Energy – By the numbers Y Cliff top lake pumped seawater storage 



Conclusions 

• Across 12 assessed studies, evidence for the proposition is 
lacking 

• Seven studies deploy extremely modified energy scenarios 

• Seven studies apply no simulations of supply meeting demand 

• Strong disagreement between studies regarding use of 
biomass 

• Simulations reveal critical role of biomass including extreme 
cases (Ireland, Macedonia, Denmark)  

• All rely on storage, one (Seligman, Australia) wholly 
dependent on novel storage 

 



Conclusions 

• Remaining (Elliston et al, AEMO, Australia) 

– Biomass dependent 

– Molten salt storage dependent 

– No simulations of LVREREs using available data 

– No articulated transmission requirements (Elliston et al) 



Conclusions 
• Exclusion of nuclear power from energy planning for 

decarbonised supply is high risk strategy 

• No evidence for 100 % renewable from current supply 
systems 

• Scant evidence for 100 % renewable from assessed literature 

• Assessed literature affirms essential role of large, dispatchable 
supply, independent from renewable energy variation 

• Assessed literature affirms this must be hydro (location-
constrained) or biomass (polluting and sustainability-
constrained) 

• Decarbonisation requires a much faster growing nuclear 
sector to play this role with certainty 
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