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•  What is the grid? 
•  Why the smart grid? 
•  Challenges 
•  ISS4E 
•  Overview of projects 
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Slide courtesy of Malcolm Metcalfe, Enbala 



•  Nearly uncontrolled demand 
•  Generation is complex, diverse, sometimes 

inflexible 
•  Reliability 
•  Almost no storage 

Constraints 



Problems… 
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“15% of the generating 
capacity in Massachusetts �
  is needed fewer than 88 

hours per year”�

Philip Giudice, Commissioner, Massachusetts Department of Energy, Nov. 30, 2009�
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U.S. Natural Gas Price �
(Dollars per Thousand Cu. Ft.) �
[1976-2010]�

U.S. Coal Prices �
in 2005 dollars �
[1949- 2009]�

From US EIA http://eia.doe.gov�

     Energy price volatility�
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From mapsofworld.com�
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•  If the grid were just 5% more efficient 
–  equivalent to permanently eliminating the fuel and 

greenhouse gas emissions from 53 million cars.  
 

•  If every American household replaced just one 
incandescent bulb with CFL 
–  would conserve enough energy to light 3 million homes 

Facts… 

http://www.oe.energy.gov/ 



Generatoin demand 

•  TWh generated 
(2008 est.) 

•  US           4,369 
•  China      3,457 
•  India          830 
•  Canada     651 

              Facts �
•  Daily kWh/capita  

(2008 est.) 
•  39.25 
•   7.04 
•  2.02 
•  51.50 



Great opportunities! 



The smart grid 
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Challenges 
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A relatively static, 
predictable, stable 
system with inelastic 
loads and a few points 
of control 

A highly dynamic system 
with elastic loads and 
millions of points of 
control 

A paradigm shift 





•  Internet concepts and technologies 
can be used to smarten and green the 
grid 

Beyond green networking 



Similarities 

•  Vast 
•  Historically similar 

–  bottom up + top down 



Similarities 

•  Both match geographically distributed 
demands with distributed generation 





Image courtesy CAIDA �



Similarities 

•  Heterogeneous 
•  Critical to society 
•  Ossified 



Similarities 

•  Hierarchical 
–  mesh-like core designed for high capacity 
–  tree-like access network 



By R. Govindan et al�

A mid-size ISP �



From climateandenergy.org�



Similarities 

•  Simple API 

Image courtesy David Alderson, Caltech �



Differences 

•  Electricity has no headers 
–  no type 
–  no destination 



Differences 

•  Primarily one-way vs. primarily two-
way flows 



Differences 

•  Electricity loads are predictable 



Differences 

•  Grid has practically no storage 
–  Batteries not quite the same as DRAM! 
–  $500/KWh 



To apply our expertise in Information Systems 
and Sciences to find innovative solutions to 
problems in energy systems. 
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ISS4E vision 

4 faculty �
4 Master’s �

4 PhDs �
1 postdoc position�



Focal	
  point	
  at	
  UW	
  for	
  research	
  in	
  energy	
  studies	
  

l  More	
  than	
  70	
  faculty	
  members	
  with	
  graduate	
  students	
  and	
  postdoctoral	
  fellows	
  
working	
  as	
  mul(-­‐disciplinary	
  research	
  teams	
  	
  

	
  
l  Research	
  areas:	
  

§  Renewable	
  Energy	
  
§  Storage	
  &	
  Transport	
  
§  Conversion	
  Technologies	
  
§  Emission	
  Management	
  
§  Power	
  System	
  Op(miza(on	
  
§  Sustainable	
  Energy	
  Policy	
  

§  Conserva(on,	
  Demand	
  Mgmt,	
  
Energy	
  Efficiency	
  

§  Green	
  Auto	
  Powertrain	
  	
  
§  ISS4E	
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WISE 



l  Sensors for building monitoring 
l  Smart power strips for home monitoring and 

control 
l  ENVI systems for home energy data 

collection 
l  Custom-built wireless sensors for solar panel 

monitoring 

Lab facilities 



Measure 

Model 

Analyze 

Design 

Simulate 

Build 

Data-driven approach 

System�



Fine grained (6 sec) 
 
24 homes 
 
1 year 

Measure 





Other datasets 
 

 - appliance energy use (SmartA, IBM) 
 - commercial building energy use over 2-4 years (Pulse) 
 - taxi driving records (Cabspotting) 
 - car fleet records (CrossChasm) 
 - electricity prices (IESO, UK, India) 
 - weather records 
 - … 

Measure 



Markov models for 
 home energy use 

Model 



Other models 
 

 - appliance elasticity model 
 - transformer loading model 
 - aggregate electricity load model 
 - EV fleet charging model 
 - data center load model 
 - grid regulation model 
 - storage sizing model 
 - … 

Model 



Use teletraffic theory to analyze effect of storage on 
distribution networks 

Analyze 



FORTE:	
  Flow	
  Op4miza4on	
  based	
  framework	
  for	
  
request-­‐Rou4ng	
  and	
  Traffic	
  Engineering.	
  

FORTE dynamically routes traffic 
to datacenters with less carbon 

dioxide emission 

Datacenter 

Use
r 

Use
r 

Use
r 

Use
r 

Datacenter 

CO2	
  

•  Considers	
  trade-­‐off	
  between	
  
access	
  latency,	
  electricity	
  cost	
  

and	
  carbon	
  footprint	
  
•  Can	
  reduce	
  more	
  than	
  10%	
  

carbon	
  emission	
  for	
  free	
  

	
  



FORTE:	
  Flow	
  Op4miza4on	
  based	
  framework	
  for	
  
request-­‐Rou4ng	
  and	
  Traffic	
  Engineering.	
  

•  Can	
  further	
  reduce	
  carbon	
  
emission	
  by	
  30%	
  

FORTE	
  finds	
  an	
  op(mal	
  upgrade	
  
plan	
  	
  for	
  distributed	
  datacenters	
  

	
  



Effect of storage in the home 



Other analysis 
 

 - effect of smart appliances on peak energy 
 - regulation services provided by fleet charging 
 - benefit of EVs to taxi fleets 
 - effect of smartphones on user behaviour modification 
 - solar cell anomaly detection 
 - … 

Analyze 



Controller 

Lateral 

PHEV 

House 

Broadcast 

Design 



Design 



Other control mechanisms 
 

 - fleet charging control 
 - home storage control 
 - CDN request routing and data placement 
 - … 

Design 



Gridlab-D for detailed grid simulation 

Simulate 



Smartphone-based application architecture 

Home OS Build 

        HomeOS  
(Microsoft Research) 



Home in the Sky 
Virtual Home �

Smartphone �Compute
r �Real Home �



Prototype system for solar panel anomaly detection  

Build 



•  The next decade will decide the grid of 
2120 

•  Internet ~= Grid 
•  40 years of Internet research {could, 

should, may} help 
•  Rich area for research 

Conclusions 



More information 

http://blizzard.cs.uwaterloo.cs/iss4e 


