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“Energy permits things to exist; information, to behave purposefully.”
W. Ware, 1997
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Our Buildings
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Cory B2G Testbed
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« Pervasive monitoring of a
large complex load
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Iding-Scale Monitoring Architecture
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Audit Methodology

Measure the envelope
Map the underlying load tree
Identify major load points

Model, Instrument, Disaggregate
— specific instrument and analysis selection

Apply recursively



The Total Bldg Envelope
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State of the Art ...




Buildings within a Building
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Physical Tier

12 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
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Power Flows




Electric Tree Monitoring
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Main Switch Block

12.5kV 3 Phase 1 ION 6200
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Dent Powerscout 18

Connectivity: RS-485 — multi-drop
serial protocol

a 16-bit reglster”)
— need register map to interpret

Three-phase power measurements

— about 50 “channels” per three-phase
circuit

— SiX circuits supported

Registers updated at 2Hz




Ready for the Shutdown
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Interconnect

Modbus 1979 RS-485, TCP/IP Industrial Control
Fieldbus/HART 1988 various Industrial Control
BACnet 1995 ARCNET, Ethernet, Building Automation: HVAC,
IP, RS-232, efc. Lighting, Fire...
WirelessHART 2007 802.15.4e Industrial control, wire replacement
SEP 2.0 2010 802.154 Home automation
?
Core HVAC SNnaae or rass D013
Glare-free Natural Veéntilation

HUGE installed/legacy base Daylight Ambientl.i

Multiple generations of hardware R
and software in the same building

Typical integration: proprietary

Power Load Mgmt

Vertical BMS Perimeter HVAC ‘g
« Data in at the bottom — %
« Data products out at the top % e
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Real Data Feeds

Electric
Electric branch meter

Electric branch meter

Electric panel meter
Electric home meter
Chilled water
Steam condensate
Environmental

PCT (programmable
thermostat)

Climate

IONG200
Dent Powerscout 3/18

PSL PQube

Veris E30
GE

Sun Blackbox
Basys QW Series

Hydrowatch node

XML/proprietary
Modbus/RS-485

HTML table

Modbus/RS-485
ANSI C12.19/IR
4-20mA current loop
Modbus/TCP
XML/proprietary
Zigbee

6lowpan/IPv6



y Enabler: Hardware Abstraction

Applications

Physical
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Weather Environmental
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|IP Everywhere
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sSMAP restful web services

/ # 1ist 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]
/reporting # create and query periodic reports [GET/POST]

POST requests supply JSON objects as arguments:
POST: http://meterl.cs.berkeley.edu/reporting/create
{ "ReportResource" : "/data/325/meter/*/reading",
"ReportDeliveryLocation” :
"http://webs.cs.berkeley.edu/recv.php”,
"Period" : @0, "Minimum" : 50, "Maximum" : 100 }




Typical Interaction

 Discover sMAP Instance

 Read/Poll

— GET /data/ABC/sensor/real_power/formatting
— GET /data/*/*/*/reading

 Subscribe

— Create reporting instance with HTTP URL for
“callback”

— Specify fixed rate or each new report
— Persists until deleted, times out, or fails

— Incremental update (part of a resource)
sometimes necessary




Design: Dent Powerscout 18

/ # 1ist 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]
/reporting # create and query periodic reports [GET/POST]
A B,C Single-phase  real, apparent, reactive power + energy.
power factor. current. phase-neutral
voltage
AB, BC, AC Phase-to- voltage
phase
ABC Whole-circuit  real, apparent, reactive power + energy.

power factor. current. phase-neutral
voltage, line frequency —



Standards => Horizontal Integration

amazon
webservices'

sMAP
Dent| ors / Acme\ SCADA | | Obvius
en PSL ISO

Wunderground
34




SMAP — homogeneous access to

heterogeneous information

®e00 SMAP Console
[ < l [ 3 ] [+ I‘? http://smap.cs.berkeley.edu/ C} (Qv Google
bspace MyEECS UCBv GoogleCal Google Maps Yahoo! YouTube Wikipedia archrockv resourcesv cullermayenov News (285)v »

_/

SMAP root v RADLab Veris Panel Meter

RADLab ACme deployment

CA 150 Grid Demand

Berkeley Weather

Berkeley Sun Blackbox

Berkeley/Cory Hall Virtual Meter

Dent: basement-1/elt-A: Circuit Breaker 1
Dent: basement-1/elt-B: Circuit Breaker 2

» main

Dent: basement-1/elt-C: Circuit Breaker 3

Model Dent: basement-1/elt-E: Circuit 5 rand
Dent: basement-1/elt-F: Circuit 6

Type Dent: basement-2/elt-A: Circuit 7 Foxy
Dent: basement-2/elt-B: Circuit 8

Make Dent: basement-2/elt-D: Circuit 9 \1S0
Dent: basement-2/elt-E: Circuit 10

Status Dent: basement-2/elt-F: Circuit 11 1

i Dent: basement-3/elt-C: Circuit 14

Uptlme Dent: basement-3/elt-D: Circuit 13, BG-2 days

LocalTime Dent: 5PA/elt-A: 5PA Feed: 240V Panel S?A )700
Dent: 5PA/elt-B: Circuits 1,3,5: AC48, Chilled water

Streams Dent: 5PA/elt-C: Circuits 2,4,6: WP76 Process cooling loop Q

Dent: 5PA/elt-E: Circuits 8,10,12: WP53
: Dent: 5PA/elt-E: Circuits 14,16,18: WP49 E
R—EM Dent: 5PA/elt-F: Circuits 9,35,36: Sth fl. utilities >C|T0
Dent: 5DPAL/elt-A: Circuits 1,3,5: 30kva Trans to PNLS 4LA 4LE
2010-05-18T11:57:41-07:00 INFO: loaded 'hti g”‘: ﬁgﬁ:ifeli’? E',"“',‘(‘ 71?'115‘:&2"1/2200/%;;5-
: en elt-C: Circuits 13,15,17: rans
2010-05-18T11:57:41-07:00 INFO: loaded 'htl 1, 1 5ppa) felt-D: Circuits 19,21,23: 120/208 Trans
2010-05-18T11:57:41-07:00 DEBUG: displayit  pent. sppAL/elt-E: Circuits 25,27,29: 120/208 Trans
2010-05-18T11:57:41-07:00 DEBUG: displayit  pent: SDPALfelt-F: Circuits 31,33,35: 120/208 Trans
2010-05-18T11:57:41-07:00 INFO: loaded 'hti  Dent: SDPA2/elt-A: Circuits 2,4,6: 30KVA Trans to PNLS 4LA,4LE
2010-05-18T11:57:41-07:00 DEBUG: displayir ~ Dent: SDPA2/elt-B: Circuits 8,10,12: 120/208 Trans A
2010-05-18T11:57:41-07:00 INFO: loaded 'hty  Dent: SDPA2/elt-C: Circuits 14,16,18: 120/208 Trans
2010-05-18T11:57:41-07:00 DEBUG: displayir Dent: SDPA2/elt-D: Circuits 20,22,24: 120/208 Trans |
< Dent: S5DPA2/elt-E: Circuits 26,28,30: 120/208 Trans
Dent: SDPA2/elt-F: Circuits 32,34,36: 120/208 Trans debug
- Dent: 5DPB/elt-A: Circuits 2,4,6: AC#90 (Train Unit) -
, . Dent: SDPB/elt-B: Circuits 1,3,5: East Passenger Elevator
SMAP information ap Dent: SDPB/elt-C: Circuits 7,9,11: Cooling Tower Pumps (two speed)
Research presented are £ pent: 5DPB/elt-D: Circuits 13,15,17: West Passenger Elevator ar grants #0435454 and
#0454432. Any opinions  Dent: 5DPB/elt-F: Circuits 14,16,18: AC#91, Chiller re those of the author(s)
and do not necessarily re Dent: SDPC/elt-A: Circuits 1,3,5: AH-3, DOP Center ventilation
Dent: SDPC/elt-B: Circuits 13,15,17: WP#47
Dent: SDPC/elt-C: Circuits 19,21,23: EP #46
Dent: SDPC/elt-D: Circuits 2,4,6: SF-3, Aux Supply Fan DOP
Dent: 5SDPC/elt-E: Circuits 8,10,12: RF-3 Aux AH-3
Dent: 5DPC/elt-F: Circuits 14,16,16: Trans #1
Dent: MCL/elt-A: Circuit #4 Switch Gear
Dent: MCL/elt-B: HF#83
Dent: MCL/elt-C: HF #84, Microlab
Dent: MCL/elt-D: CHWS #54, Wast
Dent: MCL/elt-E: MCL-19, SF-104, Services Microlab
Dent: MCL/elt-F: CHWS #55, West
Dent: 358/elt-A: GPE Feet and db 1,3,5: panel feed & tool feed
Dent: 358/elt-B: pnl DPE, cb 37,39,41: PDU in mach. room
Dent: 358/elt-C: PNL 2PE Feed, cb 1,3,5: 3fl east plug load, etc
Dent: 358/elt-D: Splice box: 5PA, transformer, rm 545V
Dent: 358/elt-E: PNL 2PE, cb 25,27,29: xfmr in rm 355, plug loads
Dent: 358/elt-F: PNL 2PE, cb 19,21,23: xfmr in rm 545G
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sMAP

Web Applications

EveryBuilding Seuc)  Aoout Add New Buiding

You e hore: Cory Hall
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Buiding DOV IDF)
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Marcn 18, 2010
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(Sute) Microlad foax

foix
o

Uses Weather Data From

(Weathor Stator) Weather Underground WS [octl]
KCABERKEZ2

JoinNow Login

{

“ReportResource” :
“ReportDeliverylLocation” :

Amazon |,
Cloud {

“ReportResource” :

1 “ReportDeliverylLocation” :
EveryBuil |,

ding

B LU CL IR Dent: basement-1/elt-E: Circuit 5 B

http://local.cs.berkeley.edu:8005/basem:

» main

Status 1

Uptime 1 hour 35 minutes

LocalTime Thu, 20 May 2010 12:54:57 -0700
Streams AABABCACBBCC
Reporting K2UmpibA, 6yDSM90z, ogbYTVcH, DrQBOPqV, cwP2fLut

2010-05-20T12:54:57-07:00 INFO: loaded "http:/ /local.cs.berkeley.edu:8005 /basement-1 /elt-E/context/*
2010-05-20T12:54:57-07:00 INFO: loaded 'http:/ /local.cs.berkeley.edu:8005 /basement-1 /elt-E /status"
2010-05-20T12:54:57-07:00 DEBUG: displaying object using class 'defaulttable’: 3 valid keys
2010-05-20T12:54:57-07:00 INFO: loaded "http:/ /local.cs berkeley.edu:8005 /basement-1 /elt-E/data"
2010-05-20T12:54:57-07:00 DEBUG: displaying object using class 'defaulttable’: 1 valid keys
2010-05-20T12:54:57-07:00 INFO: loaded "http:/ /local.cs berkeley.edu:8005 /basement-1 /elt-E/reporting /reports’
2010-05-20T12:54:57-07:00 DEBUG: displaying object using class 'defaulttable’: 1 valid keys

debug
SMAP information | app by stevedh
Research presented are partially based upon work supported by the National Science Foundation under grants #0435454 and
#0454432. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s)

and do not necessarily reflect the views of the National Science Foundation.

Dumping info for archive 'SDPAl-elt-A"
DATA STORES

/mnt/cory-vol/5DPAl-elt-A/2010-05-04T@1:25:26.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-05T01: 6.dat.gz|
/mnt/cory-vol/5DPA1-elt-A/2010-05-06T01: 6.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-07T01: 5.dat.gz!
/mnt/cory-vol/5DPAl-elt-A/2010-05-08T01:47:32.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-09T@1:53:35.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-09T22:58:58.dat.gz!|

/mnt/cory-vol/5DPAl-elt-A/2010-05-10T23:

WWNNEROSUUIARWNN
ES
@
o
)
o+

.gzl

/mnt/cory-vol/5DPAl-elt-A/2010-05-11T23:07:21.dat.gz|
/mnt/cory-vol/SDPAl1-elt-A/2010-05-12T23: .dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-13T23: 5.dat.gzl|
/mnt/cory-vol/5DPAl-elt-A/2010-05-14T23: 6.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-15723:26:10.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-16T23:33:22.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-17T23:38:04.dat.gz!|
/mnt/cory-vol/5DPAl-elt-A/2010-05-18T23:43:07.dat.gz|
/mnt/cory-vol/5DPAl-elt-A/2010-05-19T23:48:59.dat.gz|
INDICES

ReadingTime

0-4319
4320-8639
8640-12959
12960-17279
17280-21599
21600-25919
25920-30239
30240-34559
34560-38879
38880-43199
43200-47519
47520-51839
51840-56159
56160-60479
60480-64799
64800-69119
69120-71468

“/data/*/*/*/reading,

http://...amazonaws.com/append/basement-1-elt-A”

“/data/ABC/sensor/true_power/reading”,
“http://everybuilding./sensors/109/report. json?p=smap”
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sMAP Aggregate Plotting Engine

700
Lighting

600 Basement Machines, 4th floor receptacles

Ml East Labs 1st Floor

M $.basement-1-elt-E.ABC.sensor.true_power
500 M $.basement-1-elt-F.ABC.sensor.true_power

A /A Il $.basement-2-elt-A.ABC.sensor.true_power

400 $.basement-2-elt-B.ABC.sensor.true_power

| S.basement—2~e]t~D.ABC.sensor.true_power:
300

- X I DOP Center
AV MRPRT YV SR RAARIIRAARAR A AT
M $.basement-3-elt-C.ABC.sensor.true_power

[\_yv/\. s N sn A :
200 W $.basement-3-elt-D.ABC.sensor.true_power

Microlab

100 MW%

2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
Cory Hall Total |& ] Thursday July 8, 2010 00:08:00  Friday July 9, 2010 00:08:00 I/W\
http://smap.cs.berkeley.edu/db/plot/?aggid=1&start=1278572880&end=1278659280

sMAP status app by stevedh

Research presented are partially based upon work supported by the National Science Foundation under grants CPS-0932209 and CPS-0931843. Any opinions,
findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science
Foundation.
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Data tells stories...

Monitor Based Commissioning "
— Eliminate simultaneous heat/cool I

— AC91 on schedule

2 sMAP Reading Plotter - Moz
Edit Wiew History Bookmarks Tools Help

@ - ‘mY [ 9 http:ifsmap.cs.berkeley.edujdbiplotf ] [*m- y=

Electrical Engineering ... =4 Google Search: jetta gl Electrical Engineering ...

2] Most Visited

] smMAP Reading Plotter -

~
sMAP Archive Plotting Engine
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* Will continue decline on circuit 4PE :
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Icro Lab Tool Move
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Figure 3-7 » main » stream steam » profile » plot
Condensate flowing to drain
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2010-09-23T16:14:21-07:00 INFO: loaded 'http://local.cs.berkeley.edu:8007 /data/steam/sensor/0/profile’
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FINAL REPORT
MBCX PROJECT:
CORY HALL

UNIVERSITY OF CALIFORNIA
BERKELEY

Table 3-1
Condensate pump and steam trap repair savings

Savings at Savings at Campus Cost Savings
Energy Building Meter ($1/therm)

9,099 Therms 11,734 Therms $11,374
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Energy "“Slack™ Example
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Supply-Following Loads
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Individual device,
week average

___ Average of all

devices

@
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Power (W)
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Computers
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Figure 3.6. Percent time and energy in power modes for 19 computers metered over a work week. Each column represents an
individual computer sorted from left to right by increasing energy use. Energy use is dominated by time in the on (active) mode even
when time in that mode is small.




Demos

Schedule and Tree
— http://jackalope.cs.berkeley.edu:3000/tree

Time series

— http://smap.cs.berkeley.edu/db/plot/?
stream=249&start=1270702260&end=1278651060&sub=5

Time-series-difference scatter plot
— http://smap.cs.berkeley.edu/db/plot/vs.html

Aggregates
— http://smap.cs.berkeley.edu/db/plot/agg.html
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Phone App

http://local.cs.berkeley.edu:8011/data/325/

Found Appliance:
Rad Lab Refrigerator
[Mote 325]

] il @ 4:46 PM

Graph Usage - Time Period

Graph Appliance's Energy Usage

Last 10 Minutes
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a Tl 8 4:47Pm Last Hour
Avg. Energy Usage - Last Five Hours

| Turn On/Off

¥
< .
| I P

Last Five Hours
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T i i

Rad Lab Refridgerator

http://local.cs.berkeley.edu:8011/data/325/sensor/real_power/profile




SIs for Grid-Responsive Bldgs

Portable Applications

Modelin Continuous Actuation and

9 Commissioning Control

. Personal . Ny .
Debugging Feedback Visualization

Core Services

IS4 _ —
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sMAP Interface
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E \ ‘ g
(2] - -
2 . IPv6 / 6LowPAN .
3 . Wireless Mesh Network .
= * sMAP
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> e ,
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Stages of Energy
Effectiveness

Waste elimination

— Do Nothing Well !l

Power Proportionality

— Power : Performance (utilization)

— 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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Building Scale Monitoring
Architecture
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Intelligent Energy Network

* Availability
* Pricing
* Planning

 Tracking
Market

Intelligent
_Power Switch

__________________

* Monitor, Model, Mitigate
* Deep instrumentation
- Waste elimination
- Efficient Operation
« Shifting, Scheduling, Adaptations
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A New View
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Cyber / Physical Buildings
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