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How Many Hours Demand Will Be High

Problem: Peak electrical demand: only 1% of 1 eoooo
time, California needs the equivalent
an additional 8 small power plants

Peak demand: 52588 MW User empowerment for more successful adoption of technology:

1% of time demand greater than 48528 MW

50000 (. ——1%0cftime demand greater than 48528 MW David Wyon'’s 3-I's model includes providing

5% of time demand greater than 42813 MW

meet electricity demand sually | 2 oo 109% of time demand greater than 39244 MW iInsight (how does the device work, what | —
ditioning | % (usually : the need for it?), information (feedback, h — ceaow ™ Home  |Cost |Pastusage Settings |
c . . . () Fan Only .~ 3 Price Forecast  Todaw's Cost | Budaet
conditioning |oads). E 30000 T — is the system working), and influence B0 /gyt o B
Goal: To develop technology that will enat 8 2000 | | ~ (allow the user control). | ——
] i § Peak electrical demand met by: 1 \ e T e
residential customers to reduce electr o + Bringing on-line old polluting power plants A\ 4 B =
consumption during periods of pe : 'Bmgmggn gyvpsgvsv';’repﬁfnig'c'w Design of Interface B . ‘ﬁ
demand (Demand Response Or DR)- ° 1001 | 2601 | 3601 | 4601 | 50‘01 | 6601 | 7601 | 8601 A“OW the user to ContrOI | D%im% / I;:.:: ':::ﬂ“ .”.?Dm
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feedback + advice is effective —
. . . iInformation should be humanized, not dull numbers
Design: the Demand Response Electrical Appliance Manager (DREAM . . .
provide energy consumption per appliance
° RECGIVGS prlce, rellablllty Price Utlllty Compare energy Consumptlon Wlth nelghbor Click on cach appliance to sec today's prices.
and emergency signals from lsgf;atufe Indicator |IE EEE Incentives should include:
the electrical utility. | Electricity g S Social: imitative (role models) and obligation @ % i@
ower use . . .
SENSOrS Environmental: fewer greenhouse emissions
. . 4| . . . Clothes Dryer {per load):
* Responds with automatic Financial: look at how much lost vs gained Low § Med $$ ligh §4¢
measures (l.e., turn down Motion rice New devices require education and training R e

thermostat/turn off pool sensors §

Power
pu m p) ) actuators

Dynamic temperature setpoints:
Studies show that people tend to change their thermostat settings based ongés ichseason

and outdoor temperature.
sensors and actuators Adaptive Temperature Setpoints, Sacramento

 Responds with feedback

and advice to occupant (i.e., * Network of wireless (RF)

delay clothes drying). . _
Seasonal and Daily Temperature Settings: S n _
e Central control module with Following the Adaptive Comfort 35 - o e il
user interface Standard, an algorithm was written to 20 | . e
create temperature setpoints from a | 80
weighted running average of the outdoor _ 25 L "'V'EE-!"-' ]
temperature; these setpoints drifted also é o ™ . I'!.!I! 2 l.llli —1°
with the daily peak in temperature. g y .
= viean outdoor
The graph to the right shows the energy = ., | ,r :
Consumer adoption: savings pqs_.sible (sh_aded a_reas) compared Heating Setpoirts
The State of California is already assessing the to the traditional static heating and "M
inclusion of Programmable Communicating cooling setpoints found in a R
Thermostats (PCT) into the 2008 Title 24 programmable thermostat. P @ 8B E DS S S
energy code for new residential construction
for Demand Response (DR) purposes.
Provide feedback between comfort and cost for increased adoption.
While there are many residential DR programs
across the country and have been for over 20 Comfort In_dex: | Indoor Temperature g a0% acceptabilty: neutral (0
year81 the vast majority are Utility'ContrO”ed Jakob Nielsen, 1993 The graphlc to the ”ght ShOWS a 35C 95F [ ]80% acceptability: comfortably warm/coodl()
(i.e., ac-cycling, where the utility turns off the comfort index of indoor ightly uncomfortable (warmicook?)
air conditioner during peak periods), and these temperatures based on the 30 56 N 00 hovtoo cold )
are not widely accepted or adopted by Manual Thermostat: Easy to use, but requires wser t Adaptive Comfort Standard. The iggt? of eve
consumers. change often for energy savings. comfort zone changes with the Com%\r/f orE—t Weighted Running Mean
seasons based on the outdoor  standard . , §§§?§°r Temperature 25C July
temperature. l
Design of Technology: | | This comfort index allows us to 15 59
EPA’s EnergyStar recently withdrew their place a value on comfort and
endorsement of Prog_rammable Thermostats give the occupant feedback as to 10 50
because of lack of evidence that they save how much comfort costs.
energy (thus, probably not a good model for
the PCT). Programmable Thermostat: Hard to use, and even
when programmed, may not save energy
Half of the households in California have Economic and Comfort Index:
Programmable Thermostats, and of these an : _ i Combining the comfort index with a cost index created a slider bar inéhentesrface, where
estimated 65% use them as designed. :EQE —=: | the user could set their economic and comfort preference. For example, a istaigleisicide to
P —— bear some discomfort when the price of electricity rises during peak denrasdspe order to
Research shows that having the perception of N | ot o = save money. But if guests were coming over, the student might change the index to spend a
personal control in and of itself increases the ﬂ'l' = little more money for better comfort. The interface would inform the sitiugi@v much
range of thermal comfort temperatures. Nt comfort or discomfort to expect for the cost as well as how much the costehagide based
Kempton et al found that 75% of residents in a e e/ on the increased or decreased level of comfort desired.

multi-family building did not use their
thermostats but controlled cooling manually
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Variability of Users: 6 - i
Household energy consumption is 14
highly stochastic: identical houses 12
may vary 100% in energy consumptio =
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Comfort_ablg temperature ranges in - 4 Comfort index
houses is highly variable. 2 ﬂ H _
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One gquarter of California’s household: Temperature F warm or cold warm or cold
L!SG O_n_e_half Of the reSIdentlal Hackett and McBride, 2001, Interviews with 30 people, Davis, California
electricity.
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