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The Grid-Integrated Vehicle, 

with

Vehicle-to-Grid power



Plug-in for charging



GIV: Control by Grid



GIV+V2G: 2-Way Power Flow



Plug-in cars as an 

underutilized resource

• US car used 1 hour/day, parked 23 h/d

• Average daily travel = 30 mi, thus 

• Most storage unused most days

• Drive train output = 100 kW

• Practical power through grid = 10 - 20 kW

• Cars as significant power?  Compare:

• Vehicle fleet at 15 kW each car, with

• Total load for country (GW)



Miles/day 

Distribution

Based on ~400 (gasoline) cars for 

one year  (from Nat Pearre et al 

analysis)

• Distribution of miles/day has long tail on high 

side -- vacations, trips

• Most days, most of battery is unused

•Are vacations and other long trips 

predictable?

• If so, then the battery need not be filled each 

morning

• Battery as resource, available most of the 

time.



Applications  Niche

• Storage at the ends of the distribution 

system

• Second use of customer  equipment, thus 

capital costs are just controls

• Total resource is very large



Assumptions for  Adoption rate 

Calculations

• Light vehicle purchase rate (non-

recession) ~15 million/year

• Assume 2 models of GIV vehicle initially, 

each 150,000 per year

• PHEV model: assume  3 kW, 8 kWh

• EV model: assume 15 kW, 30 kWh

• Starting in year 10, 1/2 of fleet is plug-in

• Assume 2/3 buyers participate as GIV 



Adoption rate

Year 1
150,000/year

Years 1-10
150,000/year

Years 11-

20
7.5m/year

PHEV
3 kW; 8 kWh

300 MW 3 GW 150 GW

800 MWh 8 GWh 400 GWh

EV
15 kW; 30 kWh

1.5 GW 15 GW 750 GW

3 GWh 30 GWh 1.5 TWh



Cost

• On-board intelligence, ~$400

• Communications, ~$200

• EV:     $40/kW;   $20/kWh

• PHEV:   $200/kW;  $75/kWh



IMPLEMENTATION

technology running,

laws passed, in daily use



Link from ISO to UD server



Vehicle Smart link (VSL) in 

Car

• No moving parts, fits 

under dash

• Receives signal from 

coalition server

• Reports capacity and 

current state back to 

coalition server

• Try to predict next  use of 

car (time, distance)

• Automotive-grade Linux 

computer



Regulation, drive, regulation, drive



Dispatch and scheduling



Permitted by Load-Serving Entity 

(local utility)



Permitted by Load-Serving Entity 

(local utility)

“meets IEEE  1547 standards”



Law to codify interconnects, net 

metering for V2G

Define:

Grid-integrated 

electric vehicle

Aggregator



Law to codify interconnects

Net metering for V2G

Interconnection requirements, etc 

same as distributed renewables

Net is at rate at time of use



Manufacturing

GIV with controls and V2G, 

licensed from UD -- Built in 

from factory



Documentation for partners

Modularized interfaces



Next Steps

• Demonstrate at 1 MW level (~100 cars)

• Work with OEMs now ready to add GIV 

capabilities

• Establish permitting for V2G in more 

utilities and more states

• Design EVSE (charge spots) for GIV

• Serve on standards committees



Thanks to our sponsors
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More information:

www.udel.edu/V2G

www.magicconsortium.org

http://www.carbonfree.udel.edu
http://www.magicconsortium.org

