Our (LANL) Road Map for Smart Grids
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e stability

* outages/rare events
e cascading

* signature detection
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PHEV & Storage

4 Load Balancing

e optimal power flows

* intermittent wind as
an integrated capacity

* feeder lines control

* pricing & policy
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[Placement/PIannirQ

* renewables placement

* power distribution and
control with redundancy

e gueuing & scheduling

v
New Challenges

All of the above also requires scientific advances in

e Analysis & Control

e Stability/Reliability Metrics

e State Estimation

e Data Aggregation & Assimilation

e Communications for the Grid

* Modeling Consumer Response
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Johnson, Chertkov ‘09
Network Optimization

Generators — red dots
Loads — blue dots

edge weights annealed resulting sparse solution

original graph for
line optimization
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original graph for “master generator”

generation placement connected to possible sites. Resulting Sparse Network



Zdeborova, Chertkov ‘09
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Valid configurations Phase Space split into Performance of message
SAT=good and UNSAT=bad -passing switching algorithms

* charging a car will ¥ double consumption
Work in progress by the team of a household

. . e usage is correlated (6pm = back home effect)
PHEV load SChedu“ng & queuing |, 50~100 users on a feeder line -> easy to overload

. discretional
Qb'StatD/[ loads ]
Questions

* How many cars one can charge without overload and
assuming proper scheduling (overnight)

* What is an optimal scheduling algorithms without
communications? [random number switch ... distribution?]

* ... with one-way or two-way communications?

* Utilizing some PHEV for storage? V-2-grid.

* How to control charging from Renewable Generation?
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Distance to Failure P T

Toronto

"+ Develop a good metrics for failures s
[stable (a), non-stable (b), disaster (c)] b o
* Develop an efficient algorithm for finding
for any “'good” point its distance to
N the (a)-(b) or (b)-(c) boundary
; [Monte Carlo, rare events, interdiction, games]
@ 7 : :
c e Study Dynamics, Cascading
©
* Learn the dangerous patterns
= signature detection => apply to grid data = = s o
« Survival after the attack — )
islanding, accessing geography of the damage .
All of the above for design of smarter grid: et SR S S
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i Shed 1d for 108 25.0 load shed waiting
H h b : : overloads for repairs
* with better monitoring Va
" ki Dispatch gen 73 25.0 load shed waiting
& loads for repmirs

No rema .
o fetaining * Note: results did mot consicler caily load variation
overloads

Work in progress by the team gy

Anghel, Werley, Motter ‘07




Optimization and Control Theory for Smart Grids

T-division: M. Chertkov, E. Ben-Naim, R. Gupta, J. Johnson,
T. Wallstrom, L. Zdeborova
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