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Demand Response: what, why, how

Generators Loads
Traditional paradigm: demand is uncertain

Operational model: supply follows demand

Mechanism: operating reserve



Demand Response: what, why, how

Generators

New paradigm: both supply and demand are uncertain

Operational model: demand follows supply

Mechanism: demand response



Demand Response: what, why, how

Generators

New paradigm: both supply and demand are uncertain

Operational model: demand follows supply

Mechanism: demand response of thermal inertial loads



Dynamics of AC state (s,6,0) € R*> x {0,1}
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Dynamics of AC state (s,6,0) € R*> x {0,1}

U=s+A A
ON
OFF 2A
OFF
L=s—A y

Newton’s law of heating/cooling: § = —a (6(t) — 6,(t)) — BPo(t)
1 if (1) >U
ON/OFF mode switching: o(t) = 0 if 6(f) <L

o(t”) otherwise
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Research scope

Objective: A theory of operation for the LSE

Challenges:

1. How to design the target consumption as a function
of price?

2. How to control so as to preserve privacy of the loads’
states?

3. How to respect loads” contractual obligations (e.g.
comfort range width A)?



Two layer block diagram

First layer: planning optimal consumption Second layer: setpoint control

'(Energy budget, Time horizon) =(F, T).
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First layer: planning optimal consumption

price
forecast
mlmmlze P x| t up(t) +ua(t) + ... +un(t)) dt
{ur (8)un (£) {0, 13N / )

subject to

1) 6 =—a (ei(t)—e?( )) BPui(t)  Vi=1,...,N,
(2) /OT (i () +ua(t) + ... +un(t)) dt =1 = §(< T, given)

3) LY <6t <uy Vi=1,...,N.

Optimal consumption: P; (t) = P Z u;



Second layer: setpoint control

optimal
reference error measured

I N I I

ref Z e(t) = :ef<t>_ P(t) ;T

i=1
PID velocit trol
Te octty contro gain  broadcast
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t d ds; |

o(t) = ke(t) +k [ e(@)ds+higet), — T= B o)



Second layer: setpoint control
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Control problems

First layer
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when to switch?

Second layer
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how to move setpoint boundaries?

control variable
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Direct numerical solution
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Direct numerical solution: P} (t) = 50P

Setpoint velocity control has good tracking performance
(kp, ki, ka)
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Direct numerical solution: Houston data

Data for May 20, 2015, 4-6 PM
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Direct numerical solution: Houston data
(kp;kiykd)
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Summary

v

A simple framework for optimal demand response.

» Designs optimal target consumption using forecast.
g P g p g

v

Tracks the designed target consumption in real-time.

v

LSE does not need to know individual states = preserves
privacy.
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A simple framework for optimal demand response.

» Designs optimal target consumption using forecast.
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Tracks the designed target consumption in real-time.

v

LSE does not need to know individual states = preserves
privacy.

Thank you



Performance

Planning problem

Optimal control ;
s (t) > P ref (t)

Price stochastic process Optimal reference power
stochastic process

=
: 1(t) — P(t)
Ly =Ly V (s(t) — A) e
U = Uy A (s(t) + A) ds(t) =6 (A)v(t) dt
(L1, Uy) = s(t) =< e(t)
Boundary Setpoint Error
stochastic processes stochastic process stochastic process
U — Ly
1 T
t) — > RERT
weff( ) )\T = hr{)l — 1{0<weff(t)<e} dt
Effective width el0 €
stochastic process Local time of effective width process

Limit of performance



