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Energy

! Electricity is a utility…









of course







Energy

…or is it a commodity?





Claim

the commodification of energy passes through ICT



Energy

How did we get here?



The beginning

Morgan Mansion at Madison 
Ave. & 36th St., NYC. 

1881
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J. P. Morgan

! In 1881, Morgan's house became 
the world's first electrified 
residence, when Thomas Edison 
wired the structure with 
incandescent lights and installed 
a steam engine and dynamo in 
the back yard to provide power. 
The following year, Edison wired 
Morgan's office building, and for 
years Morgan was the primary 
investor in Edison's projects.



Òevery home, every factory 
and every transportation line 
will obtain its energy from 
one common source, for the 
simple reason that that will 
be the cheapest way to 
produce and distribute itÓ 
!

-Samuel Insull (1859–1938)

Then Global



and back?



Generation

Wind installation 1.4KW

Vaillant EcoPOWER 1.0 (Honda mCHP) 1KWe

Roof solar panel 125 W per module



Energy distribution



PowerMatcher



http://youtu.be/Zz4OpVwYWYE 



http://youtu.be/Zz4OpVwYWYE 



Energy

data generation potential



About a meter

0 bit/y



Smart?

9.600 bit/y

In The Netherlands 1 reading every two months

Assume 200 bytes per reading



More data

42.075.888 bit/y

1 reading every 15 minutes is likely

Messages could be bigger than 200 bytes, but letÕs disregard it for now



Smart everything

883.593.648 bit/y

Appliances in the home are also getting smart...

LetÕs assume 20 smart appliances per 
home with 15 minutes readings



You promised Green!

967. 745.424 bit/y

Renewable installations generate also  
data 

LetÕs assume 2 installations per home 
with 15 minutes reading



What about storage?

1.009.821.312 bit/y

Renewables are inconstant in generating, 
thus we will need storage

LetÕs assume 1 battery set per home 
with 15 minutes reading



And mobility?

 1.014.931.312 bit/y

LetÕs assume a car per household, 0.75 
eBikes/personal mobility per household.

LetÕs safely assume 1.000 bytes per day



More data?

 1.014.931.312 bit/y

Weather information with km2 precision  
and more

LetÕs ignore this for now in our computation!

Social information

Social networks



8 million households

7. 944.222.604.983.200 bit/y



No home is an island!

7. 957.780.320.747.680 bit/y



It’s a small world

 X.XXX.XX7.957.780.320.747.68 bit/y



Energy

related research in Groningen



Bernoulli building

!
The Bernoulliborg, located on the 
Zernike Complex (Nijenborgh 9), is a 
new (2008) building of the University 
of Groningen. !
Floor area: 12.000 / 8295 Nett 
Number of staff: 307 
Students capacity: 500 
Number of offices: 180 
Number of meeting rooms: 8  
Number of lecture rooms: 16 
Number of social corners: 6 
Annual electricity consumption: 
1,396,276 kwh (2011) 
1,359,821 kwh (2012)



User’s presence



User’s presence
Presence



User’s presence
Presence



Human in the loop

Ubiquitous System 
layer

Service Composition 
layer

Occupant behavior

Actuation & 
Building Context 

Information

Energy-aware Middleware !
Event-based, Service-Oriented, Orchestrating

User interaction, control, feedback

Ubiquitous Sensing

User control

Component interactions

Actuation

Context User control

Activity

User Interface

www.greenerbuildings.eu 



Activity Recognition



    1) Consumption measurement

Purpose: 
Monitoring (and controlling) 
personal consumption 
!
Location: 
Bernoulli building, 5th floor 
!
Scale: 
12 areas (rooms) 

!
Devices: 
45 sensors



2) Consumption Display

Purpose:  
Showing common electricity 
consumption 
!
Location:  
BB 5th floor, CS social corner 
!
Scale: 
1 location  

!
Devices: 
1 live-display (also available on web 
interface)



3) Computer Sleep solution

Purpose:  
Monitoring and controlling PC 
consumption in a  
controlled environment  
!
Location:  
BB 5th floor 
!
Scale: 
1 lab  
(next step, scaling-out to 200 rooms)  

!
Devices: 
10 PCs  
(next step, scaling-out to 300 PCs)



   4) Lighting control

Purpose: 
Monitoring and controlling 
common consumption 
!
Location: 
BB restaurant at the ground 
floor 
!
Scale: 
1 large room 

!
Devices: 
30+ sensors/actuators



in turn affecting the distribution grid



Driving decisions: !

1) Pricing Signals 

2) Control from the infrastructure 

3) Social pressure, sustainability







Real-time pricing 
related savings (~35%)



From the GridÕs point of view: 

a physical update is necessary?



ENTRANCE







Network Evolutions

Forest fire
Kronecker model

Preferential AttachmentRandom Graph Random Graph Power Law

RMat Small World

Copying model
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Energy

a very dynamic landscape



some examples





















Office buildings and  
data centers?

http://youtu.be/e-ZqVqS7uiM



Claim

the commodification of energy passes through ICT



Thank you



Thank you



¤


