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Introduction- Background

* Most residential customers receive monthly
electric bill at a static rate for the electricihey
consumed.

That constant rate, however, is not directly relate
to the true and time-varying costs of electricity
provided during consumers’ actual consumptions.

Many previous crises in the electric power system
were originated from lack of linkage between

wholesale and retail marke!




Introduction- Background
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Introduction- Previous Crises

» California Day-Ahead electricity prices (PX —
Southern Zone) in Summer 2000
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Introduction- Previous Crises

e San Diego’s residential energy portion of the
electricity bill —= Summer 2000
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Introduction— Current Issues

e |nstallation of Smart Meters.
— Additional cost to the customers.

— Provide on-line access of consumption
patterns.

— What else can they offer?




Need for Demand Response

« Consumers’ Perspective

« After seeing the traditional flat rate electridsilthey
can be upset by the high rate after the electrngayg
already consumed a month ago.

No one will ever purchase and use any merchandize
without knowing the price first, but why we trehéet
merchandize of electricity differently.




Energy Policy ActEEPAcH 2005

Section 1252 (a) (14) (A) ...each electric utilityalloffer each of its
customer classes, and provide individual customeo customer request,
a time-based rate schedule under which the rargetidy the electric
utility varies during different time periods andleets the variance, if any,
In the utility's costs of generating and purchasagtricity at the
wholesale level. The time-based rate schedule shalble the electric

consumer to manage energy use and cost through@syanetering and
communications technology...

Section 1252 (a) (14) (B) The types of time-basad schedules...(iii) real-
time pricing whereby electricity prices are setdmpecific time period on
an advanced or forward basis, reflecting the uslicost of generating
and/or purchasing electricity at the wholesale llested may change as
often as hourly




Energy Policy ActEPAcH) 2005

e Section 1252 (f) Federal Encouragement of Demand
Response Devices

— It is the policy of the United States that timeséa pricing
and other forms of demand response, whereby alggtri
customers are provided with electricity price sigrand
the ability to benefit by responding to them, slball
encouraged, the deployment of such technology and
devices that enable electricity customers to pp#ie in
such pricing and demand response systems shall be
facilitated, and unnecessary barriers to demanubrese
participation in energy, capacity and ancillarywsss
markets shall be eliminated.




Definition of Demand Response

Changes In electric usage by end-use customers
from their normal consumption patterns in response
to changes Iin the price of electricity over timeta
Incentive payments designed to induce lower
electricity use at times of high wholesale market
prices or when system reliability is jeopardized.

U.S. Department of Energy (DOE)




Benefits of Demand Response

Currently, demand of

electricity is very inelastic
The limit supply capacity
can cause price spikes (s

change in consumption ca
create large change in pric

However, if the customer
can respond to the price
signal and adjust his/her
energy consumption, supp
will be sufficient, and no
price spike (new slant
demand curve).
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Benefits of Demand Response

e Enhancement of effectiveness and efficiencies In
utilizing the system’s overall resources both long-
term and short-term.

The constrained or stressed power systems can be
mitigated.

The expensive-to-run low efficiency peak genesatmr
not have to be committed.

Environmental benefits can also be obtained.

Avoid inappropriate investments to meet the peaiop
demand by building up new power generation and
transmission capacity (also years of lead-time).




Benefits of Demand Response

Prevent generators to dishonestly withheld supply t
raise prices (market power gaming)

Fairness to customers: with the traditional monthly
flat rate pricing, the consumers with high load
consumptions during cheap off-peak are
overcharged to offset for the consumers with high
load consumptions during expensive peak hours

Give consumers the choice and ability to say




Recent Experiences of Selected
Demand Response Programs

* lllinois

— In early 2007 lllinois Legislature enacted a kdjuiring
the major lllinois utilities, including the Amerelinois
Utilities and Commonwealth Edison (ComEd) to proanot
the voluntary real-time hourly market-based prite o
electricity to statewide 4.5 million end-use resiti
consumers.




Recent Experiences of Selected
Demand Response Programs

* lllinois

— Ameren lllinois Utilities contracted the CNT Engras Its
program administrator and introduced Power Smactriey

— ComkEd’s contracted the Comverge and introduced Basic
Electric Service-Hourly Energy Pricing (BES-H)

« Day-ahead and real-time prices are posted on thsitgeor obtained
by a toll free number.

* From May 2007, the participants reduce their el@ttrbill on an
average of 16%.




Research Motivations and
ODbjectives

 \We need a tool to enable the end-use residential
consumers for an effective demand response.

 The tool has to
— be simple and provides essential information (|ascheal-

time pricing, temperatures)

— be consumer-centered, in other words, providing
consumers’ control preferences according to thetnes
prices of electricity

— have an approach to control the loads

— effectively balance the consumers’ comforts retato
their savings




Residential Electricity Consumption

Air Conditioner 16%
Refrigerator 13.7%
Space Heating 10.1%
Water Heater 9.1%
Lighting 8.8%

Clothes Dryer 5.8%
Range 2.8%
Dishwasher 2.5%
Electric Oven 1.8%
Clothes Washer 0.9%
Miscellaneous 28.5%

Source: “Energy Information Administration: End-USensumption of Elée
http://www.eia.doe.gov/emeu/recs/recs2001/enduse2use2001.htmi#table2




Types of Residential Loads

 Re-schedulable usage loads (having thermal inertia)
air conditioners and heaters.

 Re-schedulable usage and service loads: dishwashe
clothes washer and dryer.

 Non-Reschedulable usage and service loads: lights,
refrigerator, TV.




Air Conditioning / Heater Load
Control

» Inefficient and costly for most residential consusne
In operating air conditioner/heater to always bet t
thermostat at a constant temperature setting point.

Air conditioner/heater still operates at the same

setting point even the price of electricity is high

Conversely, when the price is low, this practiceslo
not take advantage of that low price to operatathe
conditioner/heater the coldest/hottest allowable to
reserve the thermal energy for the subsequentgserio




Summer and Winter Comfort Zoneg
(ASHRAE Handbook)

 Comfort zones have
bands of approximately
Six degrees Fahrenhelt

For consumers to
maintain their comfort, a
four degree temperature
band of thermostat setti
IS used In our simulation
(plus or minus two
egrees from the
nermostat set point) 7S

COPERATIVE TEMPERATURE, °F

DEW POINT TEMPERATURE, ©F
HURMIDITY RATIO, lp water vapor per 1000 |b dry air

ASHRAE: The American Society of Heating, Refrigergtand“Air-Conditioning Enginee




Steps of TemperaturedAir

Conditioning Load Contro

Get real-time price (Preal), customer preset
price tolerances (e.g., P; to Ps), and
temperature preference (e.g., T to Ts)

Prcal = PS
says, Prea1 = 4(

Operate A/C at
No Ts (says, 79
degree F)

Ps=Prea > Py
ays, 40 = P,ca > 30

v

Operate A/C at
No T4 (says, 78
degree F)

P4=Prear > P3
ays, 30 = l)real = 1

Operate A/C at
T3 (says, 77
degree F)

No

P3 = Preal > P2
ays, 20 = P,ca > 140

Operate A/C at
T2 (says, 76
degree F)

Operate A/C at
Ty (says, 75
degree F)

Display error
flag




Sample Air Conditioning Load
Control Results

Air Conditioner Load Energy Total Cost
Consumption Savings Cost Saving

(KWH) (%0) ($) (%0)

No load control (always set at 77 degree F) 12.130 base case 0.970 base case

With Steps of Temperatures load control 10.028 17.333 0.815 15.979

* Note that the amount of the total costs are lovabse the wholesale
(not retail) electricity prices are used in the @imtions, and the results
are of 1 day only.

o Utility will add the profits to these wholesalesges before retailing
electricity to its end-use consumers.




Control Reschedulable Usage and
Service Loads

Target Appliances: cloth washer/dryer and dish
washer.

A residential customer can “name” his/her own
electricity purchasing price to start to operate an

appliance.

An appliance is switched on if the real-time
electricity price drops below the desired namedepri
The objective Is not to lower the overall consuimip{i
but to shift the usages to subsequent cheaper
electricity price timeframes for savings.




Sample Case Cloth Dryer Control

e Aggregate hourly loads in MWH of typical 1,000
households: cloth dryer (base case).

Source: U.S. Department of Energy, Building Amefeaaformance AnalysiS Resource




Sample Case Cloth Dryer Control

 Based upon MCPE of ERCOT (6/25/2006 — 6/27/20(




Sample Case Cloth Dryer Control

e Potential Savings (6/25/20006)

Named Prices ($/MWH) Daily (%) Savings (%)

Base Case 136.453 0.000
100 136.453 0.000
90 134.290 1.585
80 130.440 4.406
70 112.931 17.238
60 109.638 19.652
50 100.254 26.528
40 77.091 43.503
30 34.245 74.904
20 31.577 76.858
10 N/A N/A




Sample Case Cloth Dryer Control

e Waiting Time when named prié&S0/MWH
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Sample Case Cloth Dryer Control

e Waiting Time when named prigs0/MWH
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Considerations of System
Implementation

Capabilities
— Functions and Response Time

Cyber Security
— Information Sharing and Tempering

Power Consumption
— Ultra Low Power Design

Centralized or Individual Control
— Legacy Units or Future Developments




Considerations of System
Implementation

 Wired or Wireless System
— X10
— BPL
— Wireless M-Bus at 868 MHz
— Wavenis at 868 MHz
— Z-Wave at 868 MHz
— ZigBee at 868 MHz
— ZigBee at 2.4 GHz
— Bluetooth Low Energy at 2.4 GHz




Sample System Design

e Graphic User Interface (GUI) - Home
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Otner ApproachH Zl
Wireless Sensor Networ
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Coriclusion
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