A Price-based Approach to Demand Side
Management

Lizhi Wang
lowa State University

8th CMU Electricity Conference

March 14, 2012

g

Lizhi Wang (lzwang@iastate.edu) Measuring and Mitigating PEVs’ Impact March 14, 2012 1/16




Outline

0 Approach to measuring efficacy risk

e PJM case study

e Approach to improving efficacy risk

Lizhi Wang (lzwang@iastate.edu) Measuring and Mitigating PEVs’ Impact



Background

@ Fixed load (d): must be consumed at that time by that amount.

@ Flexible load (Ad): can be shifted earlier or later within the day.
Examples include: recharging electric vehicles, air conditioning,
dish washing, laundry, irrigating, etc.

@ Flexible load is the main target of demand side management

@ Price based demand side management strategies include
» Flat rates
» Time-of-use (TOU) rates
» Real-time (RT) rates
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Efficacy assessment of an electric rate

For a given power system, a given fixed load d, a given flexible load

Ad, and a given electric rate r, the efficacy of an electric rate is
assessed by these values:

@ Cost(Ad) = ¢(d + Ad) — ¢(d)

» ¢(d + Ad) is the cost to serve the total load (fixed and flexible)
» ¢(d) is the cost to serve the fixed load only

» Cost(Ad) is power system’s cost to serve the flexible load

@ Revenue(Ad,r) =37, rntAdny

» n and ¢ represent location and time, respectively

» Revenue(Ad, r) is power system’s revenue from flexible load
consumers
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A revenue-cost space

@ Any (Ad,r) can be mapped onto
the revenue-cost space as a

point. Cost(Ad)
deficit /

@ Ideally, all points should be on .o ',/.'

the 45 degree line. ... /..

[}
[ ]

@ If revenue < cost, then power /’o ®  surplus

system has a deficit.

Revenue(Ad, r)

@ If revenue > cost, then power
system has a surplus.
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Efficacy measure

For a given electric rate r, we define its efficacy risk as
R(r) = max{Cost(Ad) - Revenue(Ad,r)}

+£r(1l%>7g{Revenue(Ad, r) — Cost(Ad)}
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A heuristic algorithm for computing R(TOU)

Step 1 Start with an arbitrary Ad, and then obtain the resulting
LMPs py, ¢, Vn, t.

Step 2 To increase deficit, reallocate Ad,, ; towards where
(pnt — rn,t) is large. Do the opposite to increase surplus.

Step 3 Recalculate LMPs for the new Ad and repeat Step 2 until
no improvement can be made.
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e PJM case study
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A PJM example

@ A simplified test system for part of
the PJM region.

@ Historical load and supply data
from 6/1/2005 to 5/30/2006 with
modification.

@ Average fixed and flexible loads

are 790 and 33 GWh per day, 1 PEPCO 6
respectively. : :Sf ;
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@ Fixed daily energy consumption:  ; ,oveec 10

Zt in a day Adn,t =33 GWh, Vn.

500 kV transmission line

JepL |
peco D!
DPL i
AECO
PSEG

@
I
ul
it
<
¢

Lizhi Wang (lzwang@iastate.edu) Measuring and Mitigating PEVs’ Impact



Efficacy risk
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@ R(flat) > $271M
» 65 cent/kWh

e R(TOU) > $273M
» 81 cent/kWh from

11 amto 10 pm
» 54 cent/kWh from

11 pmto 10 am

e R(RT) > $27M
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Outline

e Approach to improving efficacy risk
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Reducing R(r)

@ RT rates have a much lower efficacy risk ($27M/year) than flat
rates ($271M/year) and TOU rates ($273M/year).

@ TOU rates have several advantages over RT rates

» do not require realtime rate display devices
» hedge consumers from prices uncertainties
» help consumers develop habitual consumption pattern.

@ TOU rates can be optimized to reduce the efficacy risk.
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A heuristic algorithm for minimizing R(TOU)

@ If we replace P with a known set P° C P, then the problem
reduces to a linear program:

min Yy + YL
Tn,t,YH,YL

s.t. 0(Ad) — Zn’t TntAdnt < yu,VAd € PO
>t TniAdny — 6(Ad) < yr,VAd € PP
ya,yr > 0;7 € R.

@ The set P° can be updated iteratively using the heuristic algorithm
for computing R(TOU).
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Mitigating R(TOU)
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Mitigating R(TOU)
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Mitigating R(TOU)
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Mitigating R(TOU)
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Concluding remarks
@ We defined an efficacy risk measure for price based demand side
management strategies.

o Flat rates ($271M/year) and TOU rates ($273M/year) have high
risk, and RT rates have low risk ($27M/year).

@ We proposed heuristic algorithms to compute and minimize the
efficacy risk ($180M/year) of TOU rates through better rate design.
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Future directions

@ Exact or advanced heuristic algorithm for computing R(TOU) and
R(RT)

@ Consumer response to electric rate signal

@ Customized rate design
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Thank you
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Load profiles
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