Center for

Nonlinear Studies

Message passing for infegrating
and assessing renewable generation
in a redundant power grid

in collaboration with
Scott Backhaus (LANL)
Misha Chertkov (LANL)




LDRD project 2010 - 2012

Optir ) & Control Theory for Sm-
=9 v -

http://cnls.lanl.gov/ ~chertkov/SmarterGrids/
(or google "Chertkov” and follow “smart grid” link)

Information science foundations
for the Smart Grid



T-divAision

| M. Chertkov

| E. Ben-Naim

| R. Gupta

| T. Wallstrom

L. Zdeborova

J. Johnson

-—

MPA | s.Backhaus

D-division

—

| R.Bent

| F. Pan

| L. Toole

| A.Berscheid

| D. Izraelevitz

S —
-

| M. Anghel

N. Santhi

N. Sinitsyn

S——

http:/cnis.lanl.gov/~chertkov/iSmarterGrids/

optimization & contrD
theory

statistics
statistical physics

information theory

network analysis

.
i
>
>
-

operation research

rare events analysis

engmeermg>

power

energy planning & poliD




NNSA Laboratory Directed Research « Development

Optin zat}cm & Control Theory for Sma

S

FY10-12 M. Chertbav (PL Theory Chdsion, LANL), R Deast jco-PY, Cecinlan Agpikcalions Divisizn, LANL)

Smart Grid as a R & D Findings & Plan
National Grand Challenge L —

Our el 16 10 o Bt pind OIS
!-I.:) Pratéemis for ﬁ;m Griza - e TN e v e
s L S e
Ll chaax, he the 5 N
Sorg prd o 4 1 S e o B Sy . A Adre o
L ame

P2, In which SRR, CHRPEECESN |Inks, W Con@UEEiora| poner e uied %0

T 5. | design

W IR ey wd s 8 s b e ¥ vy

+ Bnargy |Seerified aa & nationad priodity (wWith sducation and health care)
« Exivting smart grid RAD has facused on hardwars
« RAD g In vt gt Infoemsfion technolagy
:::‘-b-ﬁ-“w
~ Mok ssmenmmsent

« Lawverages LANL sapariise

control

RAD Mehodaiogy: Rowd Map %o Smant Geids
Our rosd Is drtven Sechrwlogie § B B reneabies.
--—::--u& ~u~~:.--ﬂm
Couvd and Gy Sumdaiy. Grid Stabinty
Pict oy
SFR1a A L rE s O ge seta g

} T
stability

Poppep— Impact to LANL, NNSA & the nation

Prevent coslly autages Brough beller fadiure detection y - )

Cetd Cantrol « Pramate stvrgy Independence
Cpiatalion of newhardwers o sneble Better conbrel Hraugh losd Balancng =d + Suppart natiaral renewable petstston gaeit
dwribrted carpiting
+ Contrituts malysis snd fiposthens far Homeland Secerity
Grid Dewgn « Addrens sirstagic probiems of the inlsrssciion of snegy chmete, and
saisting grid o accormemodete the persiration of smwrging components Y adrucate

I0goove ssbusienes mnd «Suppot LANL's Enengy Secerfty Cesler and LANLS Informadion
Science mnd Technology Certer =

onh NISA A% ntamos Lol

=N
pro—
—
-
()
Q>
o
(=8)
| —
prae |
e
(]
-
L
bt
w
=)
—
[S—
—
o
o
(-
o
QL
=
=
(—)
| —
—
QL
K
—
&N
—
QL
-
et
7o




NNSA Laboratory Directed Research « Development
o 4R - .
”~

mization'& Control Theory for Sma

——
£ FY10-12 M. Chertbav (PL Theory Chdsion, LANL), R Deast jco-PY, Cecinlan Agpikcalions Divisizn, LANL)

Smart Grid as a R & D Findings & Plan
National Grand Challenge Crt Dewon pe A |

RAD Probdems for St Grida \ y Pe ywa 3T
Tow basic e HecTiCE power i has rewal s ad Wb wnged for cos

L chaax, howwver, thee the _z
Mdu .~~dma

P2, In which SRR, CHRPEECESN |Inks, W Con@UEEiora| poner e uied %0
Iproes etficiency matilny wnd RediBy, Sae become Laows o8 1e “wewt et *

L L ST

.....

v

W IR ey wd s 8 s b e ¥ vy

+ Bnargy |Seerified aa & nationad priodity (wWith sducation and health care)
« Exivting smart grid RAD has facused on hardwars
« RAD g In vt gt Infoemsfion technolagy
:::‘-b-ﬁ-“w
~ Mok ssmenmmsent

« Lawverages LANL sapariise

RAD Mehodaiogy: Rowd Map %o Smant Geids

Our rond neap s driven Sechrwlogie § B B reneabies.
du-m& ~~&-~m
oAl and Gore Sumdaiy.

Crid Stabdity
Aot oy
P aca Mty rus Gerage setawl g

n-bm-l“utu
« Fule v wge - rus o oy afficied

Poppep— Impact to LANL, NNSA & the nation

Prevent coslly autages Brough beller fadiure detection y - )

Cetd Cantrol « Pramate stvrgy Independence
Cpiatalion of newhardwers o sneble Better conbrel Hraugh losd Balancng =d + Suppart natiaral renewable petstston gaeit
dwribrted carpiting
+ Contrituts malysis snd fiposthens far Homeland Secerity
Grid Dewgn « Addrens sirstagic probiems of the inlsrssciion of snegy chmete, and
saisting grid o accormemodete the persiration of smwrging components Y adrucate

I0goove ssbusienes mnd «Suppot LANL's Enengy Secerfty Cesler and LANLS Informadion
Science mnd Technology Certer =

onh NISA A% ntamos Lol

Strengthening America’s Infrastructure Security %

design

control

stability



Assessing renewable generation

@ Intermittent renewable-sources-based
generation destabilizes the grid.
How to improve grid control schemes?

@ If renewable sources produce power x, how
much can be saved on the level of the firm
generation?



Improvement trough redundancy

@ Build additional power lines and introduce switches
(on / off = power line connected to / disconnected
from the network)

@ Redundancy must help to optimize both stability
and efficiency - larger space to optimize over.
But how much does redundancy help?



Methodology:

@ Approach A: Take a realistic power grid model
and several computers and run simulations. Do
again when details change ...

@ Approach B (probabilistic + physicist way):
Study behavior of simple abstract models that
facilitate the analysis, and look for universal
properties, dependencies and behavior.

Model choice criteria (in physics):



Our power grid model

@M producers, N=DM consumers

@ Out of every D consumers R have auxiliary lines
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M
R=0
*/I\v v/I\v /I\v ¢/I\v Consumer "i“ consumes [,
A=l
MM produces 2,

Producer "a” capability Y,




Setting

Switch variables for power lines:
Oia — O/O’ia el

Each consumer has exactly one line on.

Constraints

Z Oia = Every consumer one connection

Z oia(xi —2) <y, Producers not overloaded






R;O/I\ /I\/I\/I\ /I\» «T\//I\»/I\

Note that the final topology is a tree,
hence the Kirchhoff's laws satisfied.

However, general power flow optimum
cannot be worse than the tree case!



Questions

Given {Zi}, 1%}, 1Ya) can all the constraints
be simultaneously satisfied? (Nobody
overloaded.)

If yes, then how many satisfying

configurations of the switches are there?
Is it easy to find one?

Answer: via



How does BP work?

Prob. that line “ia” is in state O, conditioned

Yo constraint on “i” is missing
1Q

7:_>a - W 1) o . °
Xo;, constraint on "a” is missing
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Iterative "message passing” scheme



Belief Propagation

@ Distributed approximative way of:

@ (a) computing the probability that a given switch is
on or off.

@ (b) estimating number of valid (not overloading)
configurations.

@ For large number of customers and producers
(thermodynamic limit) - average analysis solvable.



Example n. 1
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renewable generation capability, =z
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Example n. 2
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Example n. 3
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Conclusions and Perspectives

@ Existence of SAT/UNSAT phase transition and
regimes where higher penetfration useful or
futile.

@ Redundancy + switches help renewable
integrations. Belief propagation a tool of analysis
but also distributed control algorithm.

@ In physics: Study of toy models (and phase
transitions) leads to qualitative understanding.
Is that true also for the Smart Grid?

@ Combine belief propagation with
on a non-tree topology.
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Belief Propagaﬂon Equations
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Example n. O

Everybody consuming random number between
(mean-width/2) and (mean+width/2),

epsilon - fraction of consumers with no demand.
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Asymptotic, but also
algorithmic solution
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