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Opportunity: electricity 
as road transport fuel  

Why electric vehicles? 

Road Transport 

Internal combus,on engine 
vehicles fuelled by oil 

Emission of pollutants: 
CO2, CO, NMVOC, NOx, 

par,culates etc 

Health costs 

Lower cost  
Li‐ion baOeries 

Electric vehicles charging: 
large power and energy load 

Ownership costs 

(AER, 2009; Na,onal Greenhouse Gas Inventory, 2009; Simpson, 2009, Taylor et al. 2009)  

Extensive  electricity genera,on 
and network infrastructure 

Network 50 % of 
electricity cost 

12 % of Australia’s 
annual greenhouse gas 

emissions 

Network already 
stressed : $14 billion 
in network upgrades 
in NSW alone 

Current Off‐Peak 
genera,on sufficient  Network capacity? 

?  ? 

Growing  
Electricity 
 demand 



Method 

Model 1: Conven,onal Load EV charging  – 
Distributor and Distribu,on Substa,on  
•  Model 2: Coordinated EV charging –  
Distribu,on Substa,on Area 

Network and EV charging simula,on 
• EV adop,on: 5, 25 and 50 % 

• Charging (distance) required: 20, 40, 80 and 160 km 
• Charging regime: Conven,onal Load with TOU and Coordinated  

• Load Cycle: Low Penetra,on Water Hea,ng, High Penetra,on Water Hea,ng 

Development of modelling tools  Data collec,on 

•  EV Charging Standards 
•  Vehicle‐Kilometres Travelled 
•  Distribu,on Network Design Standards 
• Standard daily load cycle curves – Residen,al 

Development of analysis framework  

Assessment of results and implica,ons for stakeholders 

Iden,fica,on of key stakeholders and issues 



Simula,on Electricity Networks 

Electric vehicle 
typically  plugged in 
6 pm – 8 am 

Peak 

Shoulder 

Off‐Peak 

Time‐Of‐Use  
price signals 

Peak 

Shoulder 

Off‐Peak 

Time‐Of‐Use  
price signals 

Load cycles courtesy of EnergyAustralia 



Single Distributor – 
Conven,onal Load  
Charging  

High PenetraCon Water HeaCng Low PenetraCon Water HeaCng 

VariaCon  Outcome 

EV adop,on rate increase  Maximum load increase – Note: max and min load difference  

Charge start delayed (TOU)  Maximum load increase generally smaller 

Longer charging distance  Distributor operates at increased load for longer 

400 A Distributor – 50 % EV AdopCon  



Single Distributor –  
Coordinated Charging 

400 A Distributor – 50 % EV AdopCon 
High PenetraCon Water HeaCng Low PenetraCon Water HeaCng 

Shorter distance, lower EV adopCon  No change to exis,ng maximum load 

Worst case (long distance, high EV 
adopCon) 

New maximum load for both load cycles, but 
increase significantly smaller 

With delayed start ,me, higher maximum load – 
opposite to conven,onal load charging 



Distribu,on Substa,on –   
Coordinated Charging  
Load Cycle  Charging 

Regime 
Charging sufficient for 
expected daily travel* without 
changing maximum load? 

Full charge possible 
below network 
investment trigger? 

Low Penetra,on 
Water Hea,ng 

Peak  

Shoulder  

Off‐Peak 

High Penetra,on 
Water Hea,ng 

Peak  

Shoulder  

Off‐Peak 

Sufficient Off‐Peak capacity? 
How does this affect network planning assump,ons? 

Electric vehicle owners? 

*Expected daily travel for Sydney 18 km (NSW Transport Data Centre, 2010) 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Conclusion 
•  Broad range of benefits are driving interest in electric 
vehicle deployment 

•  Widespread adop,on of electric vehicles will depend on 
successful integra,on into the exis,ng electricity network 

•  Growth of maximum load seen to increase with adop,on 
rate 
–  At low EV adop,on rates, almost no load increase 
–  Impacts vary for different load cycles 
–  Impacts depend on network level 

•  Management with price signals and charging coordina,on 
(laOer more effec,ve) could be an effec,ve way of 
preven,ng network expansion requirement  

•  Change in network opera,ng condi,ons will need to be 
considered in network planning 



Thank you and ques,ons? 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