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“Energy permits things to exist; information, to behave purposefully.”  
W. Ware, 1997 



Energy is THE Problem 

•  Energy and the environmental impact 
of extraction, use, and disposal 

•  THE problem of the Industrial Age 
•  We need to find Information Age 

solutions to THE Industrial Age 
Problem 

•  it starts with the Faustian bargain of 
oblivious consumption 
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The Grid: Marvel of Industrial Age 
Design 

•  Deliver high quality low-cost power 
•  To millions of customers over thousands of 

miles 
•  Synchronized to <<16 ms cycle (60 Hz)  

•  With no orders, no forecasts, no plans 
•  No inventory anywhere in the supply chain 

•  To enable rapid economic & industrial 
growth through oblivious consumption 
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The Industrial Age Grid 
Baseline + Dispatchable Tiers Oblivious Loads 

Transmission Generation Demand Distribution 
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A New Reality … 
1.  Energy becoming increasingly dear 

–  increased cost of acquisition 
–  inclusion of environmental costs 

2.  Improvements in energy efficiency cause high 
dynamic variability in the load 
–  high peak-to-ave ratio, bursty 

3.  Limitations of existing grid present transmission 
and distribution bottlenecks 

4.  Incorporation of renewable resources reduces 
control over supply 
–  most are non-dispatchable (solar, wind)  

5 12/7/10 



Towards an “Aware” Energy 
Infrastructure 
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The Roadmaps We’re Used to 
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years 

Computers 
Per Person 

103:1 

1:106 

Laptop 
PDA 

Mainframe 

Mini 
Workstatio
n PC 

Cell 

1:1 

1:103 

Mote! 

Bell’s Law 

12/7/10 7 



A Different Kind of RoadMap 

1973 1949 2005 2030 2050 
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Load-following Supply 
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Load-following Supply (?) 

10 
Source: EEX spot prices. 

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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… and @ CA 
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Where to Start? 

• 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 
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Renewable energy consumption 

Electricity source 
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Lessons from the Internet 
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•  Universal “narrow waist” – IP 
•  Horizontal Layering, not Vertical Integration 
•  Intelligence at the end-points, simple core 
•  Measure everywhere, continuously adapt 

⇒ Design for Change 
⇒ Accommodate new technology 
⇒ Enable new applications 
⇒ Innovate in the Overlay 
⇒ Web: simple, open, machine readable formats 
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Start from Scratch? 

• No! 

14 12/7/10 



Grid Exists 
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Conventional Electric Grid 
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Internet Exists 
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Intelligent Energy Network as 
Overlay on Both 
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Innovate in a Virtual Private 
Grid 

Generation 
Transmission 

Distribution 
Load 

VPG 
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A MultiScale Study 
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   Intelligent  
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Intelligent Power Switch 

•  PowerComm Interface: Network + Power connector 
•  Scale Down, Scale Out 12/7/10 



Questions… 

•  Where does the energy go? 
–  how much is wasted? 
–  how can the rest be optimized? 

•  How much slack is there? 
–  Can it be exercised? 
–  Energy storage?    Electrical Storage? 

•  What limits renewable penetration? 
–  vs storage, scheduling, cooperation 

•  What are the protocols involved? 
•  What is the System and network design? 
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Our Buildings 
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Lighting 

Servers 

PDUs, CRACs 

Soda Hall 

HVAC 
IT and Plug Load 



2020 IT Carbon Footprint 
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820m tons CO2 

360m tons CO2 

260m tons CO2 

2007 Worldwide IT 
carbon footprint: 
2% = 830 m tons CO2 
Comparable to the 
global aviation  
industry 

Expected to grow  
to 4% by 2020 

12/7/10 



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 IT Example 
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“The Case for Energy-Proportional Computing,” Luiz André Barroso, 
Urs Hölzle, IEEE Computer December 2007 – study of 5,000 servers  

ave •  Google 
•  Thousand of servers 
•  Millions of users 
•  Unlimited demand 
•  25% utilized 
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Power Proportionality 
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Power Proportionality 
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Power Proportionality 

29 12/7/10 



Power Proportionality 

•  Measure of scaling down to Partial Load 
•  Do Nothing Well ! 30 12/7/10 



Where does the Power go? 
•  The Glue, not 

the processor 

Core i7 

Atom 333 

Westmere 
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Power-
Proportional 
Buildings ? 

950 KW 1150 KW 

Min = 82% of Max 

Cory Hall: Office + 
Semiconductor + IT 
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Power-
Proportional 
Buildings ? 

1.45 MW 2.02 MW 

Min = 72% of Max 

Stanley Hall:  
Office + BioScience 
 - 13 NMRs 
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Power-
Proportional 
Buildings ? 

756 KW 1030 KW 

Min = 69% of Max 

Koshland Hall: Office + 



Building  Grid Testbed 

•  large complex load 
•  >1,000 sense points 
•  Monitor, Model, Mitigate 
•  In concert with an intelligent 

grid 
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The 3 Views 
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Layered Arch. for Physical Info 
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Physical Tier 
•  10 Dent Powerscout 18-channel (6x3) electrical meters 

–  RS485 – Ethernet/IP – sMAP 

•  2 Power Standards Labs meters 
–  Ethernet 

•  2 (existing) ION 6200 meters 
•  70 ACME Receptacle meters 

–  802.15.4/LoWPAN/IP 

•  4 rooftop Solar/TSR/PAR/Temp/Hum 
•  Condensate meter, Obvius Steam 
•  Vaisala Meteorological Station 
•  Existing SCADA integration 
•  Remote Programmable PCT => Action 
•  Interior usage, activity, environmental condition 38 



Along the way … 
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Protocol Year Network Example Applications 

Modbus 1979 RS-485, TCP/IP Panel monitoring, alarms 

Fieldbus/HART 1988 various Industrial Control 

BACnet 1995 ARCNET, Ethernet, 
IP, RS-232, etc. 

HVAC, Lighting, Fire…  

WirelessHART 2007 802.15.4e Industrial control, wire replacement 

Zigbee SEP 2.0 2011? 802.15.4 Plug-load monitoring 

•  HUGE installed/legacy base 
•  Multiple generations of 

hardware and software in the 
same building 

•  Typical integration: 
proprietary vertical Building 
Management System (BMS) 

Building Information “standards” 
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Narrow Waist ? 
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Discover GET /data	
[“weather”]	

GET /data/weather	
[“sensor”, “meter”]	

GET /data/weather/sensor	
[“temperature”, “wind”, “humidity”]	

GET /data/weather/sensor/temperature/reading	
{ “Reading” : 23, 	
  “ReadingTime” : 1288385832,	
  “ReadingSequence” : 123123 }	

Access 

sMAP Interaction 

smap.cory.berkeley.edu 
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sMAP Design 
•  KISS: Sensing, Metering, Actuation 
•  Identify Sense Points and Channels 

–  Sense point: physical point of instrumentation (e.g. 
weather station 

–  Channel: Stream of scalar readings (e.g, temperature) 

•  Map these to HTTP resources 

43 

/                      # list resource under URI root [GET] 	
  /data                # list sense points under resource data [GET] 	
    / [sense_point]    # select a sense points [GET]	
      /meter           # meters provide this service [GET] 	
        / [channel]    # a particular channel [GET] 	
          /reading     # meter reading [GET] 	
          /format      # calibration and units [GET/POST] 	
          /parameter   # sampling parameter [GET/POST] 	
          /profile     # history of readings [GET] 	
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POST /reporting/create	
{"Period" : 60, "Minimum" : 50, "Maximum" : 100 	
  “ReportResource” : “~/data/*/*/*/reading”,	
  “ReportDeliveryLocation” : “http://www.openbms.org/add/2133”	
}	

Add “callbacks” to HTTP 
 POST requests supply JSON objects as arguments 
 Same semantics as a GET on ReportResource	
 Alterna;ves	  are	  “long	  get,”	  webevents/mul;part	  HTTP	  style	  

Event Reporting 
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Emerging design pattern: define Internet-scale 
protocol, use adaptation layer where necessary 
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 Preserve extensibility and self-describing properties of JSON 

Embedding sMAP 
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no... 
  “external” metadata 

data repository 
credentials database 

...anything not an instrument property  

Google	  PowerMeter	  

Cell	  phone	  

EveryBuilding	  

Database	  
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A

P 
Internet 

Keep it Simple 
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•  15 different underlying sensors and stacks 
•  More then 100 instruments, > 200 ACme plug-load meters 
•  4400 channels of high-resolution data  

•   80 sMAP “instances” 
•   together 250 samples/sec 

•  It’s easy: simplest service is ~3 lines of Python 

sMAP Library 
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Energy Transparent Building 
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Keeping an Eye on the Prize 

•  Monitor Based Commissioning 
– Eliminate simultaneous heat/cool 
– AC91 on schedule 
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Building Scale Monitoring 
Architecture 
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Distillation staging + control 12/7/10 51 

File System Interface + sMAP + DB HTTP/REST + JSON + Pub/Sub HTTP/REST + JSON + Pub/Sub 



Extracting Deeper 



PP Systems of nonPP pieces 
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Power Proportional Buildings? 
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Power Proportional Buildings? 
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50 Ton Chiller 200 Ton Chiller 

10 months 2 months 
Scott McNally Bldg Manager 12/7/10 



Stages 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 

56 12/7/10 



Energy “Slack” 
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Supply-Following Loads 
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Supply-Following Computational 
Loads 
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… and in buildings 
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Cyber / Physical Buildings 
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Personal View into the Energy 
World 
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Personal View into the Energy 
World 
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Internet 
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OS for Building,  
Datacenter, Grid, … 
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“Doing Nothing Well” 
•  Existing systems sized for peak and designed for 

continuous activity 
–  Reclaim the idle waste 
–  Exploit huge gap in peak-to-average power consumption 

•  Continuous demand response 
–  Challenge “always on” assumption 
–  Realize potential of energy-proportionality 

•  From IT Equipment … 
–  Better fine-grained idling, faster power shutdown/

restoration 
–  Pervasive support in operating systems and applications 

•  … to the OS for the Building 
•  … to the Grid 12/7/10 67 



In a Cooperative Grid 
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Load IPS 

Source 
IPS 

energy 
subnet 

Intelligent 
Power Switch 

•  Monitor, Model, Mitigate 
•  Deep instrumentation 
•  Waste elimination 
•  Efficient Operation 

•  Shifting, Scheduling, Adaptation 

•  Forecasting 
•  Tracking 
•  Market 

•  Availability 
•  Pricing 
•  Planning 
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Thanks 
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