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Caveats
This talk 
 does not addressing practical and challenging 

issues of today;
 is not comprehensive coverage of the topic
 covers a few problems whose solutions are likely 

deemed to be too expensive, intractable, too 
general and high level, too detailed and special….  

Goal: In the spirit of “broader analysis,” we examine a 
few hypotheses; should the hypothesized needs arise, 
what are the issues to consider, insights to gain, and 
tradeoffs to make.
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Outlines
 Motivations
 Computation hierarchy: is cloud the right architecture?

 Birman’s estimates & Brewer’s CAP conjecture
 Information hierarchy in time

 Risk limiting dispatch (a story from the generation side) 
 Deadline scheduling (a story from the demand side)

 Information hierarchy in space 
 Impacts of data quality on LMP

 Concluding remarks
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Motivation

 The electrical grid as we know now.

 The need of transformative changes. 

 Emerging new operating regimes.

 New technological drivers

Can the current computation, communication, and 

networking paradigms support the required changes?  
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Birman-Ganesh-van Renesse estimates

 10K PMUs with 400 PDCs are deployed.

 30 measurements per sec and 256 B per 

measurement

 Total data rate per PDC: 

25 × 256 × 30 = 192 KB/sec

 Combined rate for 400 PDCs is about 615MB/sec 

 National scale sharing of information gives 

15Gb/sec
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Cloud as a computation architecture:

 Scalability and computation power
 Robustness against failure and elasticity
 Unifying architecture that incorporates web-

based participants: 
 Community based micro-grids
 Home energy management
 Large scale EV charging 
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Cloud over smart grid: challenges

 Time criticality

 Data consistency

 Security & trustworthiness

Are we asking too much?
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CAP and Brewer’s Conjecture
CAP definition
 Consistency: atomic, linearizable data (all 

nodes should see the same data at the same 
time)

 Availability: every request receives a response
 Partition tolerance: system continues to 

operate despite arbitrary message loss. 

Brewer’s conjecture: 
 At most two of the CAP properties can be 

achieved at the same time
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Information hierarchy on a cloud 
architecture

Information hierarchy defines where, when, and what 
information is made available for decision making.
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Information hierarchy in time

 Time sensitive operation decisions are required for high level 
integration of stochastic generations and demand side 
participation at faster time scales.

 Information hierarchy in time addresses the problem of what 
kind of information is required and by what time decisions 
have to be made.

 Two illustrative stories:
 Stochastic economic dispatch with renewable resources 

(Varaiya-Wu-Bialek)---a generation side story
 Large scale EV charging---a demand side story
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Generation under uncertainties

Classical paradigm:
 Future load is uncertain
 Generation is firm and controllable
 Two stage decisions: 
 Day ahead dispatch via the day ahead market
 Real-time adjustment via the real-time market

What happens with renewable integration?
 Future load is uncertain
 Generation is stochastic and only partially 

controllable
 But short-term supply/demand is more “predictable”
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A paradigm for a “smart grid”
 Assuming real-time measurements
 Exploit sophisticated prediction and real-time control
 Limiting risk from stochastic uncertainties
 Multi-stage stochastic optimization over scheduling, 

recourse, and emergency decisions.
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Risk Limited Dispatch

Risk-limiting 
constraints: 

Objective: 
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Risk limiting dispatch: Insights

 The role of information manifests itself via 
“conditioning.” Different information hierarchies 
provide different conditioning mechanisms.

 In some simple cases, the “value of information” can 
be assessed, providing 
 economic justifications of a particular form of 

information hierarchy.
 justifications of who should pay for such costs

 For some simple cases, optimal policy has an 
informative structure.  
 For example, threshold policy on generation is 

optimal.
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Risk limiting dispatch: challenges
 The role of information manifests itself via 

“conditioning.” Different information hierarchies 
provide different conditioning mechanisms.

 Often there is no analytical solution available; 
approximations in both information structure and 
optimal decisions are necessary.  How good are such 
approximations?

 Impact of networking imperfections (e.g. delay, data 
inconsistency) are not known. How robust are such 
techniques? 

 Information hierarchy in time and space: 
synchronization, local vs. global decisions, fusion 
rules, capacity requirements on information networks

Tuesday, June 05, 2012 16



Information hierarchy in time

 Time sensitive operation decisions are required for high level 
integration of stochastic generations and demand side 
participation at faster time scales.

 Information hierarchy in time addresses the problem of what 
kind of information is required and by what time decisions 
have to be made.

 Two illustrative stories:
 Stochastic economic dispatch with renewable resources 

(Varaiya-Wu-Bialek)---a generation side story
 Large scale EV charging---a demand side story

Tuesday, June 05, 2012 17

PSERC Future Grid Initiative Webinar Series, Tuesday, June 05, 2012



A second story….
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Large scale of charging of EVs

What does it take to support the charging of 5M EVs?
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Energy management system for LSC
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Power profile of unmanaged charging
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Unmanaged charging
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Managed charging by deadlines (EDF)
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Information hierarchy and VoI
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Value of information: how good is EDF?
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Optimal competitive ratio
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Power profile: managed vs. unmanaged

25% reduction of peak power consumption on average
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Power profile: managed vs. unmanaged

71% reduction (1/3 EV/min) and 12% reduction (1EV/min)
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Information hierarchy for LSC: Insights

 Large scale charging has to be managed, of course!

 The key is to exploit available laxity by casting the 
problem as one of deadline scheduling.

 Load information (deadline and the amount of charge) 
becomes available at different time scale: day ahead 
estimates, traffic conditions, and in real-time. 

 The service provider should provide pricing incentives 
for customers: lower price for more flexible customers.

 Significant gain can be realized by managed charge.

 There is value for reservation.
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Information hierarchy for LSC: challenges

 What is the impact of large scale charging on the grid?  
How much smart charging can help?

 What are the interactions between the grid and smart 
charging facilities?

 Interacting information structures and decisions:
 There are very few charging facility, why I buy an EV?
 There are so few EVs, why do I invest in charging 

facilities
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Information hierarchy in space

 Information hierarchy in space addresses the problem of 
collecting and disseminating information for certain decision 
functions from and to a large geographical area: where to 
collect, what are the networking requirements, data 
resolution, and latency.

 Information generated at different spatial locations may be 
inconsistent, erroneous, out of date, even malicious. (Recall 
the Brewer’s conjecture and CAP Theorem)

 A fundamental question is how the quality of data affects the 
quality of grid operation (state estimation, real-time market 
operations, etc.)
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Power system state estimation
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Data in real-time market operations
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From data to real-time LMP
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Data quality models
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Bad data detection
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Worst/malicious data 
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Effects of worst data (IEEE 118) 
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Comparison of hierarchical structures

 Two hierarchical structures under uncertainties and in 
changing environment:

 The role of delay and compression error of vertical information 
fusion vs. speed decentralized of learning.

 Network capacity requirements and rate-distortion measures
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Remarks
 If the future smart grid is to include a high level of stochastic 

generation, to allow substantial demand response, to interact 
with a large number of web-based applications, to be robust 
against failures and attacks, it is necessary to gain a 
foundational understanding of the underlying computation and 
information hierarchy.

 Such understanding requires more than numerical studies of 
practical systems; analytical insights from properly simplified 
model may be enormously valuable.

 Such understanding will help to design scalable and highly 
efficient information network.
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