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A Computer Scientist meets the

Energy Problem

Energy Consumption in the United States 1949 - 2005
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Load-following Supply
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Growing proportion of renewables leads to higher price volatility. October 2008 to March 2010:
>90 hours with negative prices; highest price reached: +€500/MWh, lowest -€500/MWh
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» Buildings
— 72% of electrical consumption (US),
— 40-50% of total consumption,

— 42% of GHG footprint

— US commercial building
consumption doubled 1980-2000,
1.5x more by 2025 [NREL]

« Where Coal is used

* Prime target of opportunity for
renewable supplies

.5
i BUILOMGE
u TRANSPORTATION
£ i
il
=
- 4
i INQISTRY
i
= T
-
H
[
B
i 0 i 1 ]
1380 1 kit ]

24—

» Electricity source
| B=

Thllicer Kiawstbncu

Renewable energy consumption

Cormmmierciad

a1 B (X E
1 ] ¥

Ciadedlion Biu
P X




Start from Scratch?
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Grid Exists
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Internet Exists
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Intelligent Energy Network as
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Intelligent Energy Network

TIPS
L g s
i 7' energy
T E 7 :- subnét- -E‘
‘/

|
Generation
Transmission
- Distribution
; e | | Load

Conventional Electric Gri '/
pd Conventional Internet

7 §— 1ps
e Intelligent
7 Power Switch |

_______________________

16




Lessons from the Internet

 Measure everywhere, continuously adapt

* Intelligence at the end-points, simple core

* Horizontal Layering, not Vertical Integration

* Universal "narrow waist” — IP

—=Absorb new technology

—Enable new applications

—Innovate in the Overlay

—=Web: simple, open, machine readable formats

17



Innovate in a Virtual Private
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Our Buildings
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IT footprints
Emissions by sub-sector, 2020

820m tons CO

2 Pis, peripherals Telecoms
and printers — infrastructure
57% ’ and devices

2007 Worldwide IT
carbon footprint:

2% = 830 m tons CO,
Comparable to the
global aviation
industry

Source; The Climate Group

Expected to grow

to 4% by 2020 —

i [ata
centres 18%

Total emissions: 1.43bn tonnes (0, equivalent

360m tons CO,

260m tons CO,
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Engineering 101

* Design, Plan, Size, and Test at Full Load
— Performance measured at full Load

* Add headroom and safety margin
* Operate at Partial Load
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A Prime |T Example
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“The Case for Energy-Proportional Computing,” Luiz André Barroso,
Urs Holzle, IEEE Computer December 2007 — study of 5,000 servers 23



Power Proportionality
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* Measure of scaling down to Partial Load

* Do Nothing Well !
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{2 Green Cory Hall - Windows Internet Explorer
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Building < Grid Testbed

117 e

Conventional Electric Gria /

Conventional Internet

large complex load
>1,000 sense points
Monitor, Model, Mitigate

In concert with an intelligent
grid
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Energy Transparent Building
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Ing an Eye on the Prize

Monitor Based Commissioning

— Eliminate simultaneous heat/coo
— AC91 on schedule
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i J
. = o i - !n’lj
Electricity of Campus Buildings {A), kWh/m'.a se st“dy: AC 1n Res‘dentlal bulldlngs T.t"\,{:‘f"
150
Key reason: Ry
100 Part time
Average: 82 2
 Average: 54 crerssssenen e AR neasured energy COI]Sllmptlﬂll Part spgce
© average: 3 ' ' in every units of a residential VPSR windeey .
ST el MH ing in Beijing,2006, split unit :
Buuldmgs Buildings with Buildings with
with Fan Only Split AC Units Centralized AC System
1:5 REKLRABEHRFL —
& 12
E 11
T 10
S E9T
o E 8 -
557
- %ﬁgﬁ 2 3Whim2 | [ '
£ 4
S 3 58 sl B o, S o DR .., Y .-, (Y
§ ipsfomms=====-—ms HH Ww R EpRastn
YiJiang E '-_1-, e emsaa L ﬂ ﬂ ” ” l MU ENE =111 '——’; >3 o e B et e
o 1234567 89101M12131415161718192021 22232425 j”_"l' ]_" '.E_ "";"ﬂ,'“:l."{ =% ‘.'.T[E_.!
Building Energy Research Centre Apartment No. T el =
THiIRPET .r i rh I-I iv i I. H (hl . - - . - mmw
LR e Centre AC for residential buildings in Beijing: 19.8 kWh/m?,a J

« Part-time, Part-space, Natural venting and light




£\ /\

10 months 2 months

38

Scott McNally Bldg Manager




ptages of Energy Effectiveness

 \Waste Not
— Do Nothing Well !

* Power Proportionality

— Peak Performance : Power => Safety

— Optimize Partial Load - from nothing to peakl
* Sculpting

— Identify the energy slack and utilize it

* Negotiated Grid / Load / Human Interaction
— Plan, Forecast, Negotiate, Manage
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Controlled Load Set Point
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Following Loads
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fﬂ@’ Supply-Following Computational

Background Processing (shiftable)

I—
A5 i 300
H quis L Hi . F Oy
40 | Frodicton : -
Crarral g S-apamily ! " o lzapy
asg | Mz "apaci by ! ’
o [ Ty i S el i
Requests <:> 3 , f 3 E
2 EaEn | ' ' e =
. .y : . S " s =
Avallablllty~ : - - LY N rio ML
Fn //‘“—«_-"\ :/ I\'""*«.. %
L .
Forecasts {mm ’ W e

T 7
e ./

NI

an| QoS (fldellty & latency)

Il:l
0 20k -4EID EDEI EHIIEI 1 DCIEI' 1EDD 1400
T i3

_@J Cc:ontrollable Storage 42

Power




....and in buildings
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ENERGY SAVINGS FROM EXTENDED AIR TEMPERATURE

SETPOINTS AND REDUCTIONS IN ROOM AIR MIXING
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ayered Arch. for Physical Info
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* Availability
* Pricing .
* Planning / y _ ' * Forecasting

Tracking
' Market

Intelligent
_Power Switch

/
Load IPS
/
/
/

__________________

* Monitor, Model, Mitigate
* Deep instrumentation
« Waste elimination
- Efficient Operation
 Shifting, Scheduling, Adaptationass
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