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Motivation

= Towards a smarter grid
= Abundance of local computation/communication
= Emergence of affordable small scale energy resources
* |ncreased integration of power electronics

Source: http://solutions.3m.com/wps/portal/3M/en_EU/SmartGrid/EU-Smart-Grid/
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Distributed approach

= Distributed control approaches:
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Distributed approach

= Distributed control approaches:

= Advantages:

= No need for complete set of information

= A promising solution approach for coordinating geographically
scattered resources like PEVSs.

» Preserves data confidentiality
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Existing work

= Non-cooperative agents:

= Cooperative agents:
» Requires information exchange with a central entity

» Enforcing agreement on a common variable
» Requires a leader node to have access to total load information
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Existing work

= Non-cooperative agents:

= Cooperative agents:
» Requires information exchange with a central entity

» Enforcing agreement on a common variable
» Requires a leader node to have access to total load information

Our assumption: Cooperative agents
Our approach:  Fully distributed consensus-based approach
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Problem

= Optimal dispatch problem

min F(Y)
Y
s.t. M(Y)=0
N(Y) <0
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Problem

= Optimal dispatch problem

H}}H F(Y)—-> Vector of primal variables

s.t. M(Y) =0
N(Y) <0
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Problem

= Optimal dispatch problem

/"~

11}}11 F(Y)— > Vector of primal variables

s.t. M(Y) =0
N(Y) <0
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Problem

= Optimal dispatch problem

/"~

11}}11 F(Y)— > Vector of primal variables

s.t. M(Y) =0
N(Y) <0

Dual variables

oL
o = g(z) and Complementary Slackness Condition
dx

L.

Vector of primal and dual variables "1,}-[1_517.;;)( ;T,_ Y A\, ;.:,]T
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Consensus+innovations based method

* [terative procedure

local global
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Consensus+innovations based method

* [terative procedure

local global
= Create local copies of global variables
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Collection of variables
associated with agent 1
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Consensus+innovations based method

» [terative procedure

local global
= Create local copies of global variables
= Each agent update x; @ X
2
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Consensus+innovations based method

» [terative procedure

local and global
= Create local copies of global variables
= Each agent update x;
» Exchange updated values with neighbors @
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Consensus+innovations based method

» [terative procedure

local and global
= Create local copies of global variables
= Each agent update x;
» Exchange updated values with neighbors @
* Procedure ensures agreement among local copies , - N,
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Consensus+innovations based method

» [terative procedure

local global
= Create local copies of global variables

= Each agent update x; @
» Exchange updated values with neighbors .

. i
* Procedure ensures agreement among local copies =Y.

= Update local variables |

xille+1) = 5,00 + € ) xi(k) = (k)

o7 - gi(x; (k)
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Consensus+innovations based method

» [terative procedure

local and global
= Create local copies of global variables
= Each agent update x;
» Exchange updated values with neighbors @
* Procedure ensures agreement among local copies - N .

= Update local variables |

ik +1) = 200+ C X, (k) = (k)

*// +CDT : gl(x](k))
J €L

Consensus term «~

'(() Eelflt(rf.clall\lgé%ﬁn NG 9 Carnegie Mellon University



Outline

= Motivation and Background
= Approach and Methodology

= Problem Formulation

* Plug-in Electric Vehicles' Cooperative Charging (PEV-CC)

= Performance analysis

= Summary

'(() EeNd(rf.clall\lgécé)ﬁn NG 10 Carnegie Mellon University



PEVSs' cooperative charging

(XXy)
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PEVSs' cooperative charging

(XXy)

Charging schedule for a
<-- X
specific driving pattern v Gf
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PEVSs' cooperative charging

(XXy)

Charging schedule for a
<-- X
specific driving pattern v Gf

Power constraint | <== X, < X, < X,
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PEVSs' cooperative charging

(XXy)

Charging schedule for a
specific driving pattern

Power constraint | <== X, < X, < X,

Energy constraint | <== AX, <D,
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PEV-CC formulation

oL T T
minimizex, . L -c1-L+co - L

S.1.
L = th.
veEV
A-xy < by, Yved{l Vi
r <Xy <Tp, Yve({l vV}
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PEV-CC formulation

minimizex, r. L
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PEV-CC formulation

c e T T
mMimimil7zZex,, L L -ci1-L+c-L .5 Minimizing consumption cost
S.t.
L = E X --> | Global Constraint
velV

I} | - | Local Constraints
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PEV-CC formulation

minimizex, r. L

S.1.
/"\\
) L—
~ 7/
,'-\
\
'\"fv J A-x, <b,
T, <Xy < Ty

{3 ENENEERRE

c1-L+co

3 x

velV

Vo € {1,
vo e {1,

12

L

-->( Minimizing consumption cost

. == | Local Constraints

-=> | Global Constraint

Carnegie Mellon University



Optimality conditions
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: These equations involve both |
. local and global information !
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Distributed variables
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Distributed variables

Charging
Schedule ¥
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Distributed variables

X L A 1
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Schedule €777~

Local Estimation
of total load
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Distributed variables
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Distributed variables
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Distributed variables
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Distributed updates

Afv
neighborhood consen sus
MNo(k+1) = PM(k) =B ( S (k) - (k:)))
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Distributed updates

X’L}

xo(k + 1) =Plxu (k) + o (L’”{ﬁ’“) f(k?)>—m (o (k)7
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Distributed updates

_________________
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Distributed updates

_________________
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Test system

= Fleet of 25 EVs

= Convergence Measures
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Valley filling
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Convergence analysis
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Convergence analysis
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Summary

= Proposed distributed solution:
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Questions
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