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What is this about?

A survey to provoke ideas
about such things as:

* Glowing power cords
e Web 2.0 Karma points

 Washing mashines that know
when the sun is going to shine

it bt Pt ey A. Gustafsson, M. Gyllensward.

The Power-Aware Cord: Energy

Awareness through Ambient
Information Display. CHI 2005

..............

y -3
Vide=ns

J. Mankoff et al. Leveraging Social
Networks To Motivate Individuals to
Reduce their Ecological Footprints.
HICSS 2007



Outline

e The academic field

e Potential benefits

e Three main themes

e Sensing and acting
 Feedback and sociodynamics

e Smart control

* Potential collateral damage

e Research ideas



The Academic Field



Growing Activity

C. Seligman, J. M. Darley. Feedback as a Means of De-
creasing Residential Energy Consumption. J Appl Psy 1977

CHI 2007: Environmental Sustainability and Interaction

Ubicomp 2007: Ubiquitous Sustainability: Technologies
for Green Values

CHI 2008: Beyond the hype: sustainability & HCI

CHI 2009: Defining the Role of HCI in the Challenges of
Sustainability

Pervasive 2010: Energy Awareness and Conservation
through Pervasive Applications
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Potential Benefits



Why We Feel Queasy
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Why We Feel Queasy

currently < 400 ppm
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Three Main Themes

e Sensing and acting

 Feedback and sociodynamics

e Smart contro



Smart Meters for Electric Power

* Power meter reports

consumption to the utility

e Supports time-of-use (TOU) pricing

(otherwise, a plug-in
load meter would work

as well)

Massive use of air-conditioning

www.smartmetersontario.ca

Mid-peak On-peak

MIDNIGHT

MOOM

summer
(May 1 - Uctober 31)
weekdays
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Smart Meters for Electric Power, cont’d
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Data can be sent to the user U
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Smart Meters for Electric Power, cont’d

Market penetration: Sweden: 100%, Germany: 1%

M. Sanchez. Pilots Projects on ICT for Energy Efficiency in Social Housing. EU Sustainable Energy Week 2009

But new rulings in Germany

Communication:
customer’s DSL line? GPRS? Powerline?

Data exchange formats?

How to extend to natural gas and to water?

Price? Installation? Maintenance?
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Sensing & Control as Installed Today

e Building automation: KNX bus

e Remote control of applicances: Miele@home
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Retrofitting Sensors & Control

 Add data acquisition to standard meters

* Reuse existing
electrical installation

Blue Line Innovations
Power Cost Monitor

digitalSTROM
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Sensing without Sensors

Computing one’s eco footprint
from personal finance manager data

W Electricity
B Fuel

MNatural Gas

J. Schwarz et al. Reflections
of Everyday Activities in

B Airplane Spending Data. CHI 2009
B US Average
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Devices that Turn Themselves off

* TV set turns off on no motion (Sony)

R. Ariizumi et al.
Energy Saving of
TV by Face
Detection.
PETRA 08

M. Chetty et al. It’s Not Easy Being Green: Understanding Home Computer Power Management. CHI 09



Three Main Themes

* Sensing and acting

 Feedback and sociodynamics

e Smart contro



Persuasive Design

e Facts plus an opinion

* Includes ambient displays,

games

K. Kappel, T. Grechenig. “show-me”: Water
Consumption at a glance to promote Water
Conservation in the Shower. Persuasive 09

M. Bangetal. *°

Promoting new
Patterns in
Household Energy
Consumption with
Pervasive Learning
Games. Persuasive
2007

M. Sohn et al. Designing
with Unconscious
Human Behaviors for
Eco-friendly Interaction.
CHI 2009
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Artistic Renderings

Rendering energy usage
visible, audible, touchable

A. Ernevi et al.

Erratic Appliances and
Energy Awareness.
NordiCHI 05

S. Backlund et al.
The Aesthetics of
Energy in Everyday
Things. IADE 2006

Nuage Vert Project



Social Mechanics

Aaora Moo Veidke:

Comparison, competition

e
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TR TRRLE

Wie

Maaratiam —8
: - Bl

WA i =1

Committments ¢ Midden ). Ham. REEEES

Using Negative and
Positive Social Bl
Cr|t|c|s m Feedback From a [EEEIES N
Robotic Agent to Save
Energy. Persuasive ‘09

M. Shiraishi et al.
Using Individual,
Social and
Economic
Persuasion
Techniques to
Reduce CO2
: Emissionsin a
WMl [amily Setting.
I Pcrsuasive 09

A ¥ L

I Ecclglard Applcalizn
Thez ollar sarda

www.stepgereen.org

Tura s Enz agnes
mber e ek e
(TR EC R B ]
arpeenzy e L il

[RE R WL B R
TR EH IS REIEE TR

IR | T LT
it leasing 4
pnn i can clan
120 maad me

R R BT

LM = A
vai=ail a7 an
Wi 1

ST YIUR ADTC
SOSELRCT TG
arrsbely
TEcrmshassioor
Fher = ot penns
o EETTET .

Turs S Enz T £soy
'

N P S T

LT TR )]
TLVIEG iy seanw 17100
Groun Eembare (1D 1)

e bigs .':\. T |
okl b ek '-: T
b R {1 BV B B T

fiowmas |7 ocmace | ke

www.wattzon.com

ES TAMFERETULW CFRTSFUEERE WL O shiEHIEE
'S "

k. (=] [y —
e 14501 i ol vior
m 1 Pt ——
5 0 Fpovdm -1 = B Fowr
£ L el R
0 o] Seoslmns— A
k4 Eacaaton P —

suwd Dl Tw | g

crn il

£oU= 1 :“':'5:._'.4 [TEEERE S TRy

T i Son -

(B 4 R Tz ST M3 T Com
Fi=ma
Sl EA s
A diwvna E ATELSE A T R
S e

=y

---—-:l:I - —.:':'5:. [ R TR BN PN ) g
laz&zar E
L0, Laryzar e 1 ;

L7 bsvzan " wrmem Bl
SN EA 21
[t k] T Thane Bigr o te comi
Fi=brmme
AR A
- ir R .



A Sizeable or a Debatable Effect?

* Feedback alone: some percent?

* For comparison:
Photovoltaic
energy in Germany
< 1% despite
billions € seeding

C. Fischer. Feedback on
household electricity
consumption: a tool for
saving energy?

Energy Efficiency (2008)
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Three Main Themes

* Sensing and acting

 Feedback and sociodynamics

e Smart contro
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Demand-Side Management

* Shave off peaks through automated scheduling
of home applicances (smart grid)

e Potential to save 100 W per household
= 30 conventional power plants in Europe?

e User Interfaces:
How much control?

e i W
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R. Stamminger. Smart
Use of Domestic
Appliances in
Renewable Energy
Systems. EEDAL 09
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Demand-Side Management, cont’d

* Increasing use of wind and solar power:
high temporal fluctuations of available energy

e Adapt use to local energy sources,
possibly speculative (weather report?)

Control of storage based appliances

C. Mollering. Local Energy & Smart

Appliances. Impact of Smart Appliances

on the use of Locally Generated ;i - i - -
Renewable Energy. Smart-A 2009 o Hour of Day |
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Demand-Side Management, cont’d

* Increasing load on power grid
from electric cars?

e Use them for demand-side management
and as buffers

* Profit of USS 135,000 to 450,000
per year for 250 electric cars

J Tomic, W. Kempton. Using Fleets of Electric-Drive Vehicles for Grid Support. J Power Sources 2007
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Potential Collateral Damage



29

Should We Go for Minor Effects?

e Some computer displays consume a few watts less

with a black background

e Save about 30 Ws
= 0.000008 kWh
for a single Web search

e 200,000,000 queries per day:

1.6 MWh/day = 70 kW saved

* Eyes and displays strained
by frequent switching?

Sadrc

www.blackle.co




Odd Counter-Effects

* Wireless power for TV sets:
losses around 30%, only for less clutter

e Rebound effect?

* Buying new stuff worse than keeping the old?
Ecological damage over product lifetime?

 Washing machines at low temperature:
Highly polluting detergents?
Development of germs?

30



Sometimes, less Tech may be best

* Low-tech may be cheaper, more robust, easier to
understand, and require less energy in production

e Do we need ventilation when we can
open the windows?

e Do we need electrical shades?
 Could we have lunch when the sun is brightest?

 Promising for less industrialized countries:

e Save resources

 Create employment

31



Research Ideas



Research Ideas

e Recommender systems for washing, cooking

e Sensor data (fridge’s content, weather report, ...)
 Machine learning (usage patterns)

* Social webs (suggestions, recipes, ...)
e User Interfaces for demand-side manangement

e Balance control between user and grid
* Manage the level of detail presented

 Plan ahead but be flexible
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Research Ideas, cont’d

 Optimize schedules (meetings, classes, travel, ...)
with respect to energy use and personal preferences

e E.g., arrange a meeting so that the sum of energy
spend for travel, air conditioning, etc. is mimimum

 Updates needed if estimates change

 How to enter personal preferences?
e Getrid of (regular) human-computer interfaces?

e Could there be a “Do what | mean” button?
e Or even no button at all?

e Again: flexibility vs. complexity in the Ul
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Thank you!

joern.loviscach@fh-bielefeld.de
www.j3L7h.de




