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Transition Dynamics - Consumer Demand & Behavior 
   - Innovation & Business Strategy 

Models & Analyses - Infrastructure System Analysis 
   - Env./Energy/Econ. Cost Analyses 
   - Vehicle Technology Evaluation 
   - Mobility, VMT, Travel Behavior 
Policy Analysis  - Market instruments 
   - Fuel requirements 
   - Sustainability standards 

Integrative Scenarios & Transition Strategies 

• Research consortium focusing on analysis of alternative 
fuels and vehicles, scenarios and transitions 



Current Context: HEV and PEV sales 

Introduction of  
Hybrid SUVs 

PEV sales 
(10 yrs later) 



Plug-in Electric Vehicle (PEV) Adoption 
• Initial adoption rates have been pretty good  

 Exceeds hybrid adoption rate in 2000s for first 3 years 

• Hybrids saw a big jump in the 2004-2005 timeframe  
 Introduction of Gen2 Prius and SUVs (Escape, RX400h, Highlander) 
 Can PEVs keep up their momentum? 

– Model diversity is important and PEVs have many more models than 
hybrids (but trucks/SUVs will be an issue) 
 
 
 
 
 

 

• Home-based charging infrastructure is a challenge 
 50% of Californians have convenient access to charging at home 
 In cities, the number can be significantly lower (SF ~16%) 

 

Cars Truck/SUV 
2000 2 0 
2005 4 4 
2010 16 13 
2012 27 13 

Hybrids Cars Truck/SUV 
2011 2 0 
2012 8 1 
2013 13 1 

PEVs 



PEVs in California 
• ~39% of US PEV and ~23% of US HEV sales are in CA      

with 11% of population 
 45K sold through 
   June 2013 



Plug in vehicle charging impacts 
• Electricity system and emissions impact 

 How many vehicles will there be? 
 Depends on timing of charging, magnitude of charging demand 

and resources on the grid 

• Electricity demand 
 1 million BEVs (12,000 mi, 0.35 kWh/mi) would add ~1% to 2030 

CA electricity demand 
 PHEVs use less energy based upon utility factor (function of 

battery size, driving patterns, charging availability) 

• Charging demand 
 PEVs can be a flexible, supply following demand.   
 Vehicles are parked 95% of the time 
 Public charging infrastructure 
 Dumb vs smart charging 
 Utility incentives 

 



Future Projections of PEVs  
• NRC (2011) – Maximum case in 2030: 7.6M 
• CEF (2011) – High electrification  2.8M 
• NRC (2011) – Probable case  2.4M   
• ZEV mandate (2025) 1.3M  
• AEO (2013) – Reference case  0.6M 
• CEC’s California Energy Demand (2012-22) estimated 2-7 TWh in 2022, 

extrapolated to 5 – 13 TWh in 2030. 

All BEVs 
35TWh (10%) 
13TWh (4%) 
11TWh (3%) 
6TWh (2%) 
3TWh (1%) 
 
 

PHEV/BEV Mix 
24TWh (7%) 
9TWh (3%) 
8TWh (2%) 
4TWh (1%) 
2TWh (<1%) 
 
 



Vehicle Charging – Timing 
• Grid elements can be defined as Active or Passive 
• Current system: active generation serving passive loads 
• Growth of passive generation 

 Wind 
 Solar photovoltaic 
 Solar thermal 

• Active (“smart”) loads 
 Flexible PEV charging  
 Grid storage 

• Grid simulation using LEDGE-CA 
 2030 grid 
 25% PEV penetration 
 20,000 GWh annual 
 ~6% of total elec. demand 
 Smart charging 

Active 

Passive 

Generation Loads 



Results – Wind Intensive 
 

Minimize Dispatch 



Results – Solar Intensive 
 

Minimize Dispatch 



Min Dispatch – Wind Intensive -  25% PHEVs Min Dispatch – Solar Intensive -  25% PHEVs 

Min Dispatch – Wind Intensive -  25% PHEVs Min Dispatch – Solar Intensive -  25% PHEVs 

Charging Profile (MW) 

Marginal Vehicle Emissions (gCO2/kWh) 



PEVs and Electric Grid 
• V1G – (one way) flexible charging 
• V2G – (two way) using PEV batteries as grid storage 

 Total capacity of 1M PEV batteries ~10-20 GWh 

• 2nd use of batteries 
 100,000 used PEV batteries can provide about 1-2 GWh of grid 

storage after retirement from car 

• Distribution level effects 
 Regionalization of sales 
 HEV and PEV purchases tend to be clustered in certain 

neighborhoods and ZIP codes 
 A Nissan Leaf uses ~4000 kWh/yr similar to an average CA home 
 Impact on substations and pole transformers 



Clustered Sales 
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Energy System Modeling: CA-TIMES 
• Optimization model of California energy system at ITS 

 Understand technology options for GHG reductions to 2050 
 Primary focus on transportation, fuels and electricity sectors 



CA-TIMES Results 
• Modeling results for meeting an 80% reduction in energy 

system GHG emissions: 
 Electricity is almost fully decarbonized (nuclear, significant 

renewables, some fossil with CCS) 
 Transportation reduces emissions less than other sectors 
 Significant increases in vehicle efficiency and use of biofuels 
    

 
Biofuels are made with 
CCS, resulting in net 
negative emissions 
which offset some 
continued petroleum 
usage 



PEVs: Lots of questions remain 
• PEVs are in infancy in commercialization process 

 Can PEVs continue to exceed hybrid sales and reach early mass 
market consumers? 

 Which technologies are likely to succeed (BEVs, PHEVs)? 
 Who are the gen 2 and gen 3 buyers? 
 What about larger vehicles? 
 How important is public infrastructure? 
 Will smart/flexible charging be used? 

 
 

2025 

Early core market: 
6-15% of market 

2018 

Fast followers: 
3-5% of market  

2010 2014 
Early market:1-2%  



Conclusions 
• PEVs are doing well by many measures in the very early 

market  
 Uncertainty about the pace of growth in next decade 
 Range of estimates for 2030 PEVs in CA is quite large 

• PEVs grid impacts 
 Demand isn’t expected to be very large relative to expected 

electricity demands:  
– 1 to 10% of CA electricity is possible but ~2-4% seems more 

likely 
 Flexible charging and V2G can improve grid function 

– Balance renewables 
– Depends on incentives 

 
 
 



Thank you! 
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