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Goal: Efficient use of Energy p?er

One model of
successful adoption:

Successful for Appliance
Standards

But NOT for programmabl
thermostats!!
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Goal: Efficient use of Energy p?er

Proposed model

for successful adoption: , _
Function—aid

Implementation

Adoption
Acceptance— Incentive—
Useful? Usable? financial + ??
Social equity?
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& Problem: Peak Demand  pier

= (Primarily air conditioning load)

Peak electrlcal How Many Hours Demand Will Be High
demand met by: Peak demand: 52588 MW

Brmgmg On-llne Old 1% of time demand greater than 48528 MW
polluting power
plants

Importing expensive
electricity

Building new power
plants

5% of time demand greater than 42813 MW
10% of time demand greater than 39244 MW
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Goals of Policy:
Reduce peak electrical demand

Reduce need for polluting
“peaking” plants

Increase grid reliability

The State of California is already Programmable
assessing the inclusion of Communicating
Programmable Communicating Thermostat
Thermostats (PCT) into the 2008 Title

24 energy code for new residential

construction for Demand Response

(DR) purposes.
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Goal: Efficient use of Energy p?er

Proposed model
for successful adoption:

Adoption
Acceptance—

Useful? Usable?
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Question 1:
How to ensure successful adoption®.

pler

Social
acceptability

Usefulness
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@ Efficient to use

Easy to remember

Few errors

Subjectively
pleasing

Nielsen, 1993
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Issues surrounding adoption p?er

Current residential DR programs that use utility{colfed
technology are not widely accepted nor adopted by
consumers.

EPA’s EnergyStar recently withdrew their endorsenoént
Programmable Thermostats because of lack of evedenc
that they save energy (thus, probably not a goodehfor
the PCT).

About half of the households in California have
Programmable Thermostats (RASS), and of these an
estimated 50-65% use them as designed.

CALIFORNIA ENERGY COMMISSION




Where Technology and Consumer&pier
Collide....

The reasons programmable thermostats are not usedenot
understood.

Some reasons cited by researchers and manufacameers

Too difficult to program (Usability)
Some thermostats come with 100+ page manuals!

Lack of understanding of how they work (Social Agitance)

Myth #1: a thermostat works like a valve (the lowes setpoint, the
faster the air conditioner will work)

Myth #2: if | set my thermostat down during the diayvill take more

er:jergy to heat the house when | get home than ivdaaed by turning
it down

Custom or inertia: need to overcome “what we’veagisvdone”
Lack of need (Practical Acceptance)

Not flexible enough to fit variable schedules
Device does not necessarily save energy
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Goal of Design of Technology

Pass on price information to Consumer

Consumer retains control of equipment
Can set comfort-economic index

User interface should be easy to program (use of
wizards)

Instructional how-to “video” embedded

Model temperature setpoints after what people
actually do

Save energy by not overheating or overcooling

Provide user feedback
Electricity per appliance consumed

Consequences of changes in comfort or economic
levels
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DREAM Interface pler
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User Interface: Usabillity p?er

CALIFORNIA ENERGY COMMISSION



User Interface: Usability
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User Interface: Feedback
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User Interface: Feedback
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Dynamic Temperature Setpoints

2. Comfort range:
2.5C for 90% acceptance
s3.5C for 80% acceptance

4. Adjust cooling

3. Adjust setpoint etpoint based on R
based on time of day ——— \,

/7 /Morn Eve
Heating needed ' \\\| Cooling neede
for comfort e for comfort
Temperature 1. Comfort temperature
predicted from average
outdoor temperature via
Adaptive Comfort
Standard
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Adaptive Comfort Standard
(ASHRAE 55-2004)
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Adaptive Monthly Setpoints

Adaptive Temperature Setpoints, Sacramento

Cooling Setpoints
0
for 90% acceptance

Traditional static
heating & cooling
setpoints
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Comfort/Cost Index

[ ] 90% acceptability: neutral (0)
95F [ ] 80% acceptability: comfortably warm/coosl()

slightly uncomfortable (warm/cool))

I too hot/too cold €3)

86

Center of Adaptive
Comfort Standard

Weighted Running Mean
Outdoor Temperature 25C July
3 Sacto

2 l 6
15 99

10 50
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Optimization

Economic Index:
cost of energy vs. thermal comfort

Money saved Money spent _{_lg E‘E
P -" e

Uncomfortably Slightly Uncomfortably Just Comfortable Really Comfortable
warm or cold warm or cold
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Preliminary results

Figure 1: Above Left: comfort votes for the PCT.oMe Right: comfort votes for the ACT.
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Preliminary results

Number of hours

AC Run Time

PT

PCT

A-CT

Figure 2: The number of hours the Air Condition®€}] was on during the 60 day period for each thestiato
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DREAM:
Demand Response
Electrical Appliance Manager

Price "
Temperature Indicator Utility
Sensors . B a

Electricity - =iy
Power used

Sensors

Motion
sensors

Power
actuators

» Wireless sensor network
« Automatic response to price signal
» Control HVAC & other appliances

* Inform occupant
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Smart & Adaptive

Autonomous: Works out of box with no input

Built-in defaults respond automatically, or adapas,
* Price

« Occupied/not occupied

e Qutdoor temperature

Optimizes: cost and comfort and equipment

Learns:
House identification (insulation, mass levels etc)
House equipment (size of HVAC system)
Occupant schedule
Occupant thermal preferences

Educates: informs occupant of price, energy
consumed
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Goal: Efficient use of Energy

Proposed model
for successful adoption:

Technolog

Adoption
Incentive—
financial + ??

Consumers  gqgial equity?
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Question 2.
How to ensure successful
Incentive structure?

Utilities seem eager to promote demand
response programs, but it is not clear how
the consumer will benefit
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Where policy and people collide...

The motivation to save energy Is not wholly
driven by financial incentives.

Motivation to save energy Is affected by:
attitudes (altruism, egotism), role models,
neighbors, media campaigns, lifestyles,
Incentives, whether program is initiated by
utility or non-profit, education, and
feedback.
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Proposal for test in XLab

Device with
notification &
feedback

Device without
feedback

DREAM

Proposed PCT

Tiered
rate

=

Current PT
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Social Equity

Household energy consumption is highly
stochastic
ldentical houses may vary 100% in energy consumptio

As many as half of existing California houses are
uninsulated

Wealthier households use more, but newer housés ten
to be more efficient

* One quarter of California’s households use one-dfathe
residential electricity.

Elderly? Non-English speaking?
Comfortable temperature ranges in houses is
highly variable.
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People and Thermal Comfort

Desired Temperatures for Thermal Comfort at Home
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Hackett and McBride, 2001, Interviews with 30 people, Davis, California
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Questions?

Therese Peffer
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Looking back....

| essons learned?
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Recommendations

Sensor development (temperature, RH, motion,
radiation, CO2, pressure etc) vital to information-
rich system

Sensor design integration: Position and orientatio
of sensor critical to accurate measurement

Resolution of sensor important for optimal control

Communication design needed for low-power
drain

Field testing of technology necessary
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