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The challenge + opportunity for a clean energy future 
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(IEA, Energy Technology Perspectives, 2012) 



Growing interest in future 100% renewable electricity 

 Many drivers including 

– climate change (and given poor progress of other low carbon options) 

– energy security (most countries see fossil fuel $ as economic liabilities) 

– falling renewable technology costs 

–   

 Some key questions 

– Technical feasibility? – can 100% renewables mixes utilizing highly 

variable and somewhat unpredictable solar and wind reliably meet 

demand at all times and locations 

– If yes, Economic feasibility? – is 100% renewables economically worth 

doing given likely costs vs costs of inaction, other options 

– If yes, how do we get there 
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Climate change context 
 Generally worsening scientific 

prognosis for warming, impacts 

 Increasing global emissions 

 An evident weakening 

international response  
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Some (but not all) key RE technology costs falling 
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(APVA, PV in Australia, 2013) 

 

(LBL, Wind Energy Report, 2013) 
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IEA perspective on global clean energy progress, and policy needs towards protecting the 

climate (max 2 deg.C warming), (IEA, Energy Technology Perspectives, 2012) 

How are other options progressing 



Growing plans on transition pathways 
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Taking a longer-term perspective, 100% 

renewables a question of when.. and how 
 Our only technically feasible option 

 Wind and PV seem well placed to play major role 
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(Murphy, http://physics.ucsd.edu/do-the-math/, 2012) 

Key uncertainty with 

fossil fuels is how much 

might be left hence 

sharpness of this peak 

… Uranium too 



Technical feasibility: range of proven renewables 
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(IEA, Energy Technology Perspectives, 2010) 

Renewables in Australia 

A range of renewable 

technologies more 

advanced that CCS, 

or Nuclear Gen IV 



Technical feasibility: ‘what  

exists is possible’  
wind a significant contributor in  

growing number of electricity  

industries around the world 

(LBL/DOE, Wind Technologies Market Report, 2011) 

GSOE9143 - Workshop 3 MacGill 10 

(LBL, Wind Energy Report, 2013) 



 (AEMO, South Australia Electricity Report, 2013) 

(Joshi, www.reneweconomy.com.au, August 2013) 

(www.reneweconomy.com.au, September 2013) 

http://www.reneweconomy.com.au/
http://www.reneweconomy.com.au/


 

12 

(EON-Bayern, www.pvps.org, 2011) 



13 

100% renewables 

for the NEM? 
A significant change from 

current mix with some 

hydro, modest wind 

Note missing PV, other 

non-registered renewables

  

QLD: Av. load 5600MW 

Gen Capacity 12,000MW 

NSW: Av. load 8500MW 

Gen Capacity 16,000MW 

VIC: Av. load 5700MW 

Gen Capacity 11,000MW 

SA: Av. load 1500MW 

Gen Capacity 4000MW 

TAS: Av. load 1200MW 

Gen Capacity 3000MW 

The Australian 

National 

Electricity 

Market 
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(AEMO, www.aemo.com.au, 2011) 

(AER, 2012) 

http://www.aemo.com.au/


Some potential network issues, implications 

 Likely more a Q of economic & commercial, rather 

than technical feasibility 

 Key questions 

– Which technologies 

– Where?  In particular, more centralised or decentralised 

– Under what types of operational arrangements 

 

 RE integration implications for Tx and Dx 

– Local - ‘more of the same’ and more 

– Regional – going beyond current valuable lessons, 

System – Some important new challenges  
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Some new NEM regions to consider 

The diversity of Australian climate zones 

(Source: Bureau of Meteorology) 
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Considerable 

‘integration’ value 

in having diverse 

climate regions 

across the NEM 



Beyond Zero Emissions, 2010 

 



UNSW – Elliston, Diesendorf & MacGill, 2011… 
Custom Simulation Tool: eg. upply and Demand for a Typical Week in 

Summer 2010 – Baseline Simulation 

CST behaves like a fluctuating baseload power station in summer. Negligible GT energy used. 
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(Elliston et al, Energy Policy, 2012) 



Technical feasibility?: Supply and Demand for a 

Challenging Week in Winter 2010 – Baseline Simulation 

CST does NOTbehave like a fluctuating baseload power station in winter. Much GT energy used. 
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(Elliston et al, Energy Policy, 2012) 



Economic feasibility? Simulation extensions &Search 

 Cost model – using AETA (BREE, 2012) 

 2030 projected annualised capital cost ($/kW/yr) 

 Fixed O&M ($/kW/yr) and Variable O&M ($/Mwh) 

 Optionally including ‘high level’ indicative Tx 

 Regional model 

 Each “generator” assigned to a region 

 Dispatch algorithm region-aware 

 Tracks hourly energy exchanges  

between regions 

 Search algorithm 

 genetic algorithm seeks mix of technologies and locations to 

minimise overall industry annualised (capital and operating) cost 

(including cost of USE) 
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Preliminary findings 

Without 
transmission 

With 
transmission 

Low 
cost 

High 
cost 

Low 
cost 

High 
cost 

19.6 22.1 21.2 24.4 

A$b/yr for AETA high and low 

technology cost scenarios 

By capacity By energy 

Low tech. 

cost 

High tech. 

cost 

+ 8.8 TWh 

  spilled 

+ 24.9 TWh 

  spilled 

Generation mix 

   Wind       

    PV         

    CST        

    Pumped hydro

    Hydro      

    GTs        

Current NEM costs 

approx. $10b/year. At 

carbon prices of $50-

100/tCO2 100% 

renewables costs can 

be lower cost than 

‘replacement’ scenario 
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(Elliston et al, Energy Policy, 2013) 



AEMO 100% Renewables Study, 2012-13 
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(AEMO, 2013) 



AEMO Network considerations 

 

(AEMO, 100% RE Study, 2013) 



AEMO 100% RE – least cost capacity mix 
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(AEMO, 100% RE Study, 2013) 



AEMO 100% RE – least cost generation mix 
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(AEMO, 100% RE Study, 2013) 



RE locational options, chosen Tx build 

 

(AEMO, 100% RE Study, 2013) 



 

(AEMO, 100% RE Study, 2013) 



AEMO Findings 

 

(AEMO, 100% RE Study, 2013) 



How do estimated costs compare? 
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(Riesz et al, CEEM Submission to 100% RE Study, 2013) 



Key Qs for AEMO operational review 

(AEMO, 100% RE Study, 2013) 



Operational review – eg. Inertia 

 

(AEMO, 100% RE Study, 2013) 



Where next? 

"The best way to predict your future is to create it!" 

       Abraham Lincoln 

 

 

An alternative, more engineering oriented, answer  

  --  “That depends…” 

 

 

 
31 AIE  - shock of the new 


