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Consistent result from all methods:
global wind potential is ~100 TW

Global energy demand
(16 TW)

Global electricity demand

(2.2 TW) 1

Source: Cristinea Archer, 2010
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72 TW is about 3x higher than previous estimates and gave a boost to the industry.
Current installations: 5% of demand



U.S. TRANSMISSION INVESTMENTS

Annuvual investment in transmission facilities has been
declining since 1975.

Transmission Investment
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w

0
1975 1980 1985 1990 1995 2000

Source: U.5. DOE Mational Transmission Grid
Study May 2002




E\Q Challenges

One of the largest man made systems

[1 nonlinear, distributed, feedback,
delayed, stochastic

Technical challenges

1. Uncertainty in demand and supply
2. Wide range of timescales

3. S0S architecture and algorithms



E\Q Control & optimization of SG

[J Holistic approach

B Real-time control, storage, reliability (as a
resource, not worst-case mentality), demand
response (exploit deferrable loads)

] Distributed architecture & algorithms

B Internet: architecture is the single most
Important element underlying its success

B Widely recognized, rarely formalized

[ Dynamic control & optimization

B It will be possible to control 1,000x faster

B The bottleneck problem is models & algorithms
for analysis and control



E\Q Example theory advances

Characterize OPF subproblems that are
polynomial-time solvable

Propose a new approach to solve OPF
B Efficient and effective (global optimal)
B Through solving a SDP

B A sufficient condition under which optimal
OPF solution can be recovered

Works for all IEEE benchmark systems!
B All satisfy the condition
m 14, 30, 57, 118, 300 buses




Kg Dual OPF : SDP
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E\Q Our proposal

Solve convex dual OPF for (x*™,r°")
Compute [U; U/l in the null space of

TL
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Compute a primal solution
VP = (C1 + Gi)(Ur + Usi)

If It Is primal feasible, It is globally
optimal




@ Sufficient condition

Theorem
Under a condition,

The duality gap Is zero
V® is globally optimal

Implication:

Allows faster static control, towards
dynamic control

Recent advances can help, but much
work remains




@ SoS architecture

Power network will go through similar
architectural transformation in the next couple
decades that phone network has gone through

Deregulation — ==y 7

Tesla: multi-phase AC started
Enron, blackouts

1883 Both started as natural monopolies 1980-90s  |2000s
I Both provided a single commodity

1876 Both grew rapidly through two WWs 1980-90s
Bell: telephone Deregulation

started \
1969: Convergence

DARPAnNet to Internet



E\Q SoS architecture

... to become more Iinteractive, more distributed,
more open, more autonomous, and with greater
user participation

4 N

What is an architecture
theory to help guide the
transformation?

- /

... while maintaining security & reliability
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