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• To develop an efficient and interactive power grid: 
• Utilizing revolutionary power electronics technology 

and information technology 
• Integrating distributed and scalable renewable energy 

sources and energy storage with existing power 
systems 

• Automate the management of load, generation and 
storage 

  

  To create the “Energy Internet” 
 

Vision  



A Global Partnership 

Industry 
Membership 

Pre-College 

 
Middle & High 

Schools US 
Universities 

An Engine for Change  
Driven By: 

• Focused Research 
• Industry Participation 
• Comprehensive Education  
       Programs 
• Innovation and Technology 

Commercialization  

International 



Comprehensive University Education 
Program 

Pipeline of  
FUTURE ENGINEERS 

for  a  
GREEN ENERGY 

ECONOMY 

 
• Renewable Energy Systems 

Concentration & Certificate  
• M.S. in Electric Power Systems 

Engineering 
• Professional Mentoring 

• Industry Training 
• Research Experiences 
• Integrate research findings into 

courses 
• Portfolio Program 

Presenter
Presentation Notes
Pipeline of future engineers for green energy economy and graying power systems workforce: 	 Continuum of programs from middle school to Ph.D.  Industry training and lifelong learning  New undergrad concentration in Renewable Energy Systems Research Experiences for Undergraduates (94 over 5 years) New M.S. program in Renewable Energy Systems ERC research findings to be integrated in new and existing coursesPipeline of future leaders, innovators, and creators for green energy economy: Innovative ERC graduate student portfolio program Required and assessed for all ERC graduate students



48 Industry Members 

Full (10): 

Associate (21): 

Affiliate (17): 

http://www.ncelectriccooperatives.com/default.htm�


FREEDM System 

DRER: Distributed Renewable Energy Resource      DESD: Distributed Energy Storage Device 



Technology  Comparison 

1) Plug-and-Play Interface 
(RJ45, USB) 

 
 
2) Router  
 
 
 
3)Open Standard Protocol and  

Operation System 
   (TCP/IP, HTML) 
 
4) Data Storage 
 
 
5) WWW/Twitter/Facebook 

Internet/Computer 
1) ? 

 
 

2) ? 
 
 
 
 

3) ? 
 
 
 
4) ? 
 
 
5) ? 

Today’s Power Grid 

FREEDM 
System: 
The Energy 
Internet 
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Presenter
Presentation Notes
Information internet is for people to share information, while an energy internet is for people to share energy.In the information internet, three major technologies are the enabler, as shown here. In today’s power grid, we do not have anything like this. FREEDM Systems Center is funded by NSF to change that, to develop technology to narrow these gaps.

http://images.google.com/imgres?imgurl=http://www.slipperybrick.com/wp-content/uploads/2007/09/linksys-wrt100-rangeplus-router.jpg&imgrefurl=http://www.slipperybrick.com/2007/09/linksys-rangeplus-networking/&usg=__7SZK8n1VnOb4IR1CDT4d_oel-tU=&h=505&w=500&sz=26&hl=en&start=2&um=1&tbnid=dBCriU7EVtLGjM:&tbnh=130&tbnw=129&prev=/images?q=router&hl=en&rls=com.microsoft:en-us&um=1�
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FREEDM System Local Level 

Gen I 
SST 380V DC BUS

DRERDESD

DNP 3.0 Commmunication

12kV AC Bus

DC
DC

Battery

DC
DC

PV

DC
DC

DRER

Gen I FID

DC 
LOAD

DC
DC

Computer/
TV

Control 
room

DNP3.0 ARM Board

Battery

480V Step 
up 

transformer

Substation 
SST

480V 
Grid

120V AC

AC 
Load

Main Objectives:  
1. System Integration 
2. Demonstration of Functionalities/Use Cases 
3. System Engineering 



Solid State Transformer 

• Selected by MIT’s 
Technology Review as a Top 
10 Emerging Technology 

• Router for Energy 
• Eliminates the need for 

multiple energy conversions 
for inherently DC Devices 

• Control of Voltage, Power 
Factor, Harmonics, 
Frequency, Fault current 
limiting 



1 MW  Green Energy Hub 

•  Real-world Smart Grid Test-bed 
for FREEDM and industry 
technologies 

•  1 MVA 12 kV three phase 
distribution grid 

• Third-party renewable energy  
   resources (solar, wind, fuel cell) 

− 40 kW solar (AEG) 
− 20 kWH battery storage 

(GreenSmith) 
− 10 PHEV/PEV charging stations 
−  Nissan Leaf/Toyota Prius/GM EV 

Truck 
• Test bed for FREEDM developed 

technologies 
− SST/FID/DESD/Wind emulator 
− Smart Home/DC/AC Microgrids 
− DNP3.0/IEC61850 based RSC and 

SCADA 
− Future FREEDM DGI  

GEH Working Group 



Recent Accomplishments 

1. Developed a safe, arc free, 380V DC plug 
2. Successful lab demonstration of a DC home distribution system 

(lighting, computer, PV, EV, battery, consumer electronics) 
3. Successfully tested the Gen 1 SST and demonstrated control with 

SCADA system  
– Input: 7.2kVac; Output: 240Vac/120Vac & 400Vdc; Power rating: 20kVA, Rectifier: 1080Hz;  
– DCDC: 3kHz; Efficiency: 90.88% 

4. Measured GaN impact ionization coefficients as a function of 
temperature 

5. Two successful spinoffs based on center developed technology 
1. Bing energy  
2. GridBridge  

 



Industry & Innovation 

Lab User 
Facility for 
Members 

IP licensing 
and Spin-offs 

Working 
Groups Industry  

Champions 



Paradigm Shift: Computer Industry 

Pre-1980s 

Centralized  
Mainframes 

Internet 
Distributed Computing 
Ubiquitous Ownership,  

Use, and Sharing 
Innovation & 

Industry Transformation 



Paradigm Shift: Power Industry 

Today 

Centralized  
Generation 

FREEDM 

Distributed Renewable  
Energy Resources 

Ubiquitous Ownership,  
Use, Sharing and  

Sales 

Innovation & 
Industry Transformation 

• New technologies 
for distributed 
renewable energy 

• New energy 
companies based on 
IT and power 
electronics 
technologies  

Presenter
Presentation Notes
Centralized Generation100+ year old technology
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