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

e Pervasive monitoring of a
large complex load

e To understand energy
spend, reduce it, forecast

e and optimize in concert
with an intelligent grid
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BUILDINGS

TRANSPORTATION

* Buildings R

— 72% of electrical consumption (US),
— 40-50% of total consumption, e e
— 42% of GHG footprint

» Electricity source

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

 Where Coal is used
F\jfanewable energy consumption

* Prime target of opportunity for b
renewable supplies
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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

4494.26
330
300
270
r' N 1
240
210
r' N
180 - A
~ iy 1l I
0 A1 Merit-
-
60 | 3 order
30 : average
0 - range
oo} [ee] [ee] (2] [2] D D (o) D [2] (2] [2] o o
D o o o o o o (e o o o o o - -
30 & < Q < < & < S Q & < ] < < < & <
o= - o — ol o < LO © ™~ g o [« i o i ol o3
Ll — — o o o (e o o o o - — — o o o
-60 = =i =i i i =i =i = i =i =i Il = =] i i =i =i
D o o o o o o O o o o o (@ o o o o o
-90
e
; 120 ° ¢
=
W-150 - { J
¥-500.02

—A— Daily maximum price —&— Daily minimum price (indicated in red when negative)
Source: EEX spot prices.



8/25/2010



ask Lighting &

Conditioning

Liaht



http://images.google.com/imgres?imgurl=http://www.cartoonsolutions.com/store/files/images/detailed/Off_Build_det.jpg&imgrefurl=http://www.cartoonsolutions.com/store/catalog/Office-Building-Flash-p-16914.html&usg=__90qtiHgNFnmR5INyL5I1f69OtGc=&h=413&w=550&sz=49&hl=en&start=1&tbnid=oSjF-PWI1-VHvM:&tbnh=100&tbnw=133&prev=/images?q=cartoon+office+building&gbv=2&hl=en&sa=G�

Waste elimination

— Do Nothing Well !

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



Our Buildings

Soda Hall Power Consumption 494 KW 2200 - 22:00
chart by amCharts .com
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Measure the envelope
Map the underlying load tree
ldentify major load points

Model, Instrument, Disaggregate
— specific instrument and analysis selection

Apply recursively

13



e Guidance Criteria
— Disambiguation goal isolates usage
— Reconfiguration focuses on opportunities for
mitigation
— Sculptability focuses on shiftable loads
o Slices Alternative
— Instrument slice from supply to consumption

e Opportunism
— Measure the best you can get ahold of

14
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Presentation

Analysis

Logical

Physical

OADR
PEELE User Feedback
Forecast
) ) Recommissioning
Simulation . :
Diagnosis
Meta-Data Physical Information | | Networks
Model Events Repositories
Building Systems Sensors Comms Links
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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 19
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ION6200: mains
\_ Power monitoring

12KV Distribution

AN

Building

Substation

DENT PowerScout18:
\_ branch level -/

17 11
VERIS E30:

\_ panel level -/

AC Meter: plug level
monitoring and
control

Machine Room

4th Floor NW

Power Stri

Electrical Panel

4th Floor Lighting

4th Floor Fans

Light Zone

Light Bulb

Power Strip
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Connectivity: RS-485 — multi-drop

serial protocol

Data model: Modbus (“everything is S

a 16-bit register”) -

— need register map to interpret

Three-phase power measurements

— about 50 “channels” per three-phase
circuit

— SIX circuits supported

Registers updated at 2Hz
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Modbus 1979 RS-485, TCP/IP Industrial Control

Fieldbus/HART 1988 various Industrial Control
BACnet 1995 ARCNET, Ethernet, Building Automation: HVAC, ;
IP, RS-232, etc. Lighting, Fire...
WirelessHART 2007 802.15.4e Industrial control, wire replacement
SEP 2.0 2010 802.15.4 Home automation
?
COre HVAC dllaue Ul Fass
. Glare-free Natural V@ntilation
HUGE installed/legacy base Daylight Ambientl
Multiple generations of hardware B

and software in the same building
Typical integration: proprietary

Power Load Mgmt

Vert|Ca| BMS Perimeter HVAC "C;')
e Datain at the bottom o
T ) =
« Data products out at the top & C £




Electric
Electric branch meter

Electric branch meter

Electric panel meter
Electric home meter
Chilled water
Steam condensate
Environmental

PCT (programmable
thermostat)

Climate

ION6200
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
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8 Control Visualization Commissioning
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sMAP Resources Applications
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/ # 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]
Ireading # 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 }




e Discover sMAP Instance

e Read/Poll

— GET /data/ABC/sensor/real _power/formatting
— GET /data/*/*/*/reading

e 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



/ # 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]
Ireading # 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

v+~ A~ | [ o
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http://smap.cs.berkeley.edu/�
http://buzzing.cs.berkeley.edu/~xjiang/webfiles/smap/coryview.html�
http://everybuilding.gtolle.com/�

!ll, rﬁ' =+ |63 http://smap.cs.berkeley.edu/ c Qr Google

Model
Type
Make
Status
Uptime
LocalTime

Streams

Reporting

2010-05-18T11:57:41-07:00 INFO: loaded 'hti
2010-05-18T11:57:41-07:00 INFO: loaded 'ht
2010-05-18T11:57:41-07:00 DEBUG: displayir
2010-05-18T11:57:41-07:00 DEBUG: displayir
2010-05-18T11:57:41-07:00 INFO: loaded 'htl
2010-05-18T11:57:41-07:00 DEBUG: displayir
2010-05-18T11:57:41-07:00 INFO: loaded 'h
2010-05-18T11:57:41-07:00 DEBUG: displayir

sMAP information ap

Research presented are
#0454432, Any opinions

and do not necessarily re

RADLab ACme deployment
CA 150 Crid 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
Dent: basement-1/elt-C: Circuit Breaker 3
Dent: basement-1/elt-E: Circuit 5
Dent: basement-1/elt-F: Circuit &
Dent: basement-2/elt-A: Circuit 7
Dent: basement-2/elt-B: Circuit 8
- basement-2/elt-D: Circuit 8
- basement-2/elt-E: Circuit 10
- basement-2elt-F: Circuit 11
basement-3/elt-C: Circuit 14
basement-3/elt-D: Circuit 13, BG-2
PA/elt-A: SPA Feed: 240V Panel SPA
PA/elt-B: Circuits 1,3,5: AC48, Chilled water
- SPAjelt-C: Circuits 2,4,6: WP76 Process cooling loop
- 5PA/elt-E: Circuits 8,10,12: WP53
- SPAJelt-E: Circuits 14,16,18: WP43
- SPAJelt-F: Circuits 9,35,36: 5th fl. utilities
- SDPALjelt-A: Circuits 1,3,5: 30kva Trans to PNLS 4LA,4LE
- SDPAL[elt-B: Circuits 7,9,11: 120/208 Trans.
- SDPALJelt-C: Circuits 13,15,17: 120/208 Trans
- SDPALfelt-D: Circuits 18,21,23: 120/208 Trans
- SDPAL/elt-E: Circuits 25,27,29: 120/208 Trans
- SDPALJelt-F: Circuits 31,33,35: 120/208 Trans
- SDPAZ felt-A: Circuits 2,4,6: 30KVA Trans to PNLS 4LA 4LE
- SDPAZ/elt-B: Circuits 8,10,12: 120/208 Trans
- SDPAZfelt-C: Circuits 14,16,18: 120/208 Trans
- SDPAZjelt-D: Circuits 20,22,24: 120/208 Trans
- 5DPA2 felt-E: Circuits 26,28,30: 120/208 Trans
- SDPAZ felt-F: Circuits 32,34,36: 120/208 Trans
DPE/elt-A: Circuits 2,4,6: AC#90 (Train Unity
DPB/elt-B: Circuits 1,3,5: East Passenger Elevator
DPE/elt-C: Circuits 7,9,11: Cooling Tower Pumps (two speed)
- SDPB/elt-D: Circuits 13,15,17: West Passenger Elevator
- SDPB/elt-F: Circuits 14,16,18: AC#91, Chiller
- 5DPC/elt-A: Circuits 1,3,5: AH-3, DOP Center ventilation
- SDPC/elt-B: Circuits 13,15,17: WP#47
- SDPC/elt-C: Circuits 19,21,23: EP #46
- SDPCjelt-D: Circuits 2,4,6: SF-3, Aux Supply Fan DOP
- SDPC/elt-E: Circuits 8 10,12: RF-3 Aux AH-3
- SDPC/elt-F: Circuits 14,16,16: Trans #1
- MCL/elt-A: Circuit #4 Switch Gear
- MCL/elt-B: HF#83
- MCL/elt-C: HF #84, Microlab
- MCL/elt-D: CHWS #54, Wast
- MCL/elt-E: MCL-19, 5F-104, Services Microlab
- MCL/elt-F: CHWS #55, West
- 358 /elt-A: GPE Feet and db 1,3,5: panel feed & tool feed
- 358 /elt-B: pnl DPE, cb 37,39,41: PDU in mach. room
- 358/elt-C: PNL 2PE Feed, cb 1,3,5: 3fl east plug load, etc
58/elt-D: Splice box: 5PA, transformer, rm 545V
58/elt-E: PNL 2PE, cb 25,27,29: xfmr in rm 355, plug loads
- 358 /elt-F: PNL 2PE, cb 18,21,23: xfmr in rm 545G

debug

r grants #0435454 and
re those of the author(s)
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/

#root — status information [GET]
lis4 # a particular channel [GET)]
/info  # statistical system information [GET]
/publish # publishing resource [GET/PUT]
/all # list of all publishers [GET]
/id # sub-children [GET]
/<id> #id of publisher [GET/POST]
/name  # name alias for this id [GET]
/mysubs # list/add to pub subscriptions
[GET/PUT/DELETE]

POST requests supply JSON objects as arguments:

POST:
http://is4server.com:8080/is4/Cory/lt/Main/devices/ion6200 5A7/A sensor currentDe

mand

DATA:
{"SummationDelivered": 6824953.0, "$schema": {"$ref":"http://webs.cs.berkeley.edu/schema/meter/reading"},

"Version": 1,"ReadingTime": 1279859526, "Summationinterval": 30}



http://is4server.com:8080/is4/Cory/lt/Main/devices/ion6200_5A7/A_sensor_currentDemand�
http://is4server.com:8080/is4/Cory/lt/Main/devices/ion6200_5A7/A_sensor_currentDemand�

> 154 Console
Integrated Sensor-Stream ~ . B - o .
i Storage System Register Cory L Link2 Li

15}

CORY HALL LOAD TREE

add element |[ rename |[ remave |[ info |[ export |[ sync |[ view stream |

| search || clear

-
FN E Main [ recanstruct ] M
A devices
' Weris [ analyze ]
: || verist
Tonk200_SAT [ ]
L] A_sensor_thd
|| A_sensor_currentDemand
|_| A_sensor_current =
A () SE1-LX
i | devices
‘s DentMeter
|| A_sensor_phase-neutral_voltage
|| A_sensor_apparent_power
L] A_sensor_reactive_power
|| A_sensor_displacement_pf L
L] A_sensor_troe_power
|| A_sensor_current
A ) SB2-3PW/EP
. ) Basement_SF_EF
[ (o 2PW-408
A [ SB3-riT3
) 15t_floor_sast_labs_480-208
E S SE4-MCL &7
TimeStamp=2010-07-23 01:52:34 Publisher=63c577a7-0215-46a3-9342-1d75f63d41bd wval:0.01 -
TimeStamp=2010-07-22 01:32:54 Publisher=83c377a7-0a15-46a3-9942-1d75f63d41bd val:0.01
2010-6-5T2:11:17-420: GET http://isd4server.com:8080/is4/ Cory/ It/ Main/devices/ion8200_5A7/A_sensor_currentDemand/
2010-6-5T3:11:25-420: GET httpi//isd4server.com:8080/is4/ Cory/It/Main/devices/ion8200_5A7/A_sensor_current/, FETCH
EFSTS)—F;—STE 111:29-420: GET http://is4server.com:8080/is4/Cory/Ilt/Main/devices/ionc200_5A7/A_sensor_current/ o
2010-5-5T3:11:30-420: GET http://is4server.com:8080/is4/Cory/It/Main/devices/ion&200_5A7/A_sensor_currentDemand/
A

Choose File | No file chosen import file

IS4 EVENT WINDOW
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Cory Hall
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 Pump settings

 Elimination of simultaneous heating and
cooling
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eo0o David Culler's House - Trends - Energy Optimizer
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e Time series

— http://smap.cs.berkeley.edu/db/plot/?stream=249&start=1270702
260&end=1278651060&sub=5

* Time-series-difference scatter plot
— http://smap.cs.berkeley.edu/db/plot/vs.html
e Aggregates
— http://smap.cs.berkeley.edu/db/plot/agg.html
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http://local.cs.berkeley.edu:8011/data/325/
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Graph Usage - Time Period
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& Tl @ 4.47pm Last Hour

Last Five Hours

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