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Wind Technology 



MISO Joint Coordinated System Plan	







UD Research:��
How Much 
Resource? 



QuikSCAT  

Pimenta, Kempton and Garvine (2008) 
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Art: NY Times Magazine!



Testimony by UD 
academics 

Jeremy Firestone and Willett Kempton, 
University of Delaware	





Decision by three 
agencies + PSC 

Top row, l to r: Controller General, Secretary of 
DNREC, Chair of PSC, OMB Director.  Second 
row: PSC Commissioners	





PPA approval 



Bluewater Wind, 11 nm off Delaware	





US Developments Proposed 



UD Wind Turbine 

•  On land in Lewes, DE, 
but in coastal winds 
(sea breeze)	



•  Gamesa G90:  90 meter 
blade diameter, 2 MW 
nameplate power	



•  Will power 100% of 
Lewes campus, with 
sale of excess	





The Grid-Integrated 
Vehicle, with��

Vehicle-to-Grid power 



UD Electric Vehicles 



Plug-in for charging 



GIV Means Control 



V2G Means 2-Way Power 



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	





Patents 

•  Patent Applications, 2007-2010:	


•  U.S. Patent Application Publication Nos. 2007/0282495 A1 

“System and Method for Assessing Vehicle-to-Grid (V2G) 
Integration” filed May 2007 (UD; Kempton and Tomic)	



•  U.S. Patent application publication No. “Hierarchical Priority 
and Control Algorithms for the Grid-Integrated Vehicle”, filed 
March 2009,  (UD; Kempton)	



•  Three US and PCT applications in 2010, Electric Vehicle Station 
Equipment for Grid-Integrated Vehicles; Electric Vehicle 
Equipment for Grid-Integrated Vehicles; Aggregator Server for 
Grid-Integrated Vehicles.  Filed Sept 2010 (UD; Kempton and co-
inventors)	



•  One signed license for VSL, in license 
negotiations for EVSE and for aggregator	





License Manufacturing��

GIV with controls and 
V2G, licensed from UD 
-- Built in from factory 



Offshore 
Transmission to 

Level Wind 



Transmission 
N-S on Shelf 

•  Weather data from 
each station S1 - S11	



•  Transmission 
“pools” power	



•  Key:  Design 
transmission w.r.t. 
meteorological 
patterns.	





Kempton et al, 2010, Proceedings of the National Academy of Sciences, 107 (16).!









Single wind 
sites vs. 

Transmission 

•  Individual wind 
production at S2 
and S10 (BLUE 
and ORANGE)	



•  Pooled production 
from transmission 
(BLACK)	



GRID	



S2	



S10	





•  Individual simulated wind farms show 
frequent, rapid fluctuation in output	



•  Power from combined grid changes more 
slowly, rarely reaches min or max power	



Kempton et al, 2010, Proceedings of the National Academy of Sciences, 107 (16).!

Single Sites (color) vs. Grid (black)	





Far Future or Near 
Term 

Commercialization? 



Already a planned 
project, with Investors 



Sumary: UD Examples 

•  Offshore wind, Grid Integrated Vehicles, 
offshore transmission	



•  R&D, public testimony, education	


•  Leading to policy, commercial 

investments and jobs	


•  Training the next generation of high-tech 

workers	





END 
More information: 

www.carbonfree.udel.edu 
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