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Presented by Chuck Wells and Peggy Ip, Yung Nguyen, John Lee, Amy Chiang
OSlsoft, LLC & UC San Diego
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Outline
« UCSD Microgrid

— Architecture
 PMU Data Analysis

— Angle Unwrapping
* Building Modeling

— PI AF Model

— Naming Convention
e System Scalability

— PIAF
— PI AF Parameter Substitution

UC San Diego
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UCSD Microgrid

« Largest known microgrid in the world

— 45,000 students and 45,000 faculty and staff

« Rated 8™ best public University in
« Jacobs School of Engineering 5" in Bio Engineering

— Peak load ~42 MW
— Self Generation 30 MW

— Solar PV ~1.5 MW

« Soitec CPV (27.5 kW)
— Fuel Cell 2.8 MW
— Battery systems

« Second life (60 kwh)

« Peak shifting(30 kW/30 kWh)
3.5 MW/7 MWH under construction

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 5



http://ucsdnews.ucsd.edu/pressrelease/us_news_and_world_report_again_names_uc_san_diego_one_of_nations_top_10

UCSD Microgrid (continued)
T Zli\fﬁtaned Ph’ﬂ%@

e 2 SEL 351a
e 3 Arbiter 1133a
« 1 FNET (UT)

— Six under contract to be installed this fall

* Over 125 buildings
— > 57,000 assignable rooms
— HVAC system by Johnson Controls
— Additional metering by Schneider Electric
— ~ 45,000 PI tags (18 months of data, 32 TB of disk)

* Over ~900 electric vehicles on campus
— 26 new charging stations being installed (RWE).

* Fast chargers
J UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 6




Pl System installations at UCSD

« Main campus Pl System
» Jacobs School of Engineering
« SDSC CSSP System

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyr ight 2012 OSlsoft e, 7




rchitecture Overview

( East Campus LAN

PMU Interface Server
ec.osi.pmu.ad.ucsd.edu

PMU Server
sc-osi-pmu-pi.ad.ucsd.edu

BACnhet Interface Server ION Interface Server
sc-osi-ops2.ad.ucsd.edu sc-osi-ops.ad.ucsd.edu

SDSC Virtual LAN

AF Server Pl Server webparts Server
sc-osi-af.ad.ucsd.edu sc-osi-pi.ad.ucsd.edu  sc-osi-webparts.ad.ucsd.edu

I DMZ Server

sc-osi-xxx.ad.ucsd.edu

( Campus VPN {)

ProcessBook
DatalLink
Terminal Server
sc-osi-terminal.ad.ucsd.edu

UC San Diego
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Jacobs Architecture Overview

FMNET C37 via openPDC
pitoP1 or €37
d)
- Dello1 i

Pl-Data-Server

10.20.49.xxx

UCSD Phasor Lab
Jacobs 4604
PMU-PI

.88
GCR 2010
GCR 2010
Dell02 GCS 2520
GCS 2520
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PI-ANAL
|

PI-AF

— Pmu 2

UC San Diego
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Hardware Photo

UC San Diego
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The UCSD Microgrid

& sc-osi-pi.ad.ucsd.edu - Remote Desktop Connectior
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Electrical One Lines

UCsSD Microgrid 69 kV
Simplified One-Line Diagram

40 MW peak load oc oc Gls
30 MW Co-gen
1.2 MW solar PV
1.8 MW Fuel Cell
3.8 Mgal chilled storage
10 tons electric chillers MW MC
5 tons steam chillers
& E&— ®—

12 kV I BTE I East Campus

T e e

Substation

{5} N I
[~} @ N, . + * l I~ i:NPE . East
ampus

North Campus C_T__) E@ @ Revelle Chi“'ers ° -
w | -
IGPP * H e 41

cup 12 kv = D o
=

,,,,,,,,, e v Jr I —
S %@@*J} 7 ToZ

conganss 1MW each
IMW

\
J

Evmporator To campus

It I
Loads on all feeders

DRs on some feeders H2 3. 8 Million Gal

G | #1 S )

ot From Campus
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August 14 Demand Response

« “SDG&E has notified the campus that energy demand reduction is
needed between 1 and 6 p.m. today due to continued high
temperatures taxing regional power reserves. Without demand
reduction, SDG&E may be required to take actions to stabilize the utility
grid.

« Beginning at 1 p.m. today, Facilities Management will automatically
reduce power demand by adjusting campus comfort cooling settings.

« Heating, ventilation and air conditioning in office areas will go into
"unoccupied" mode and spaces will be warmer or cooler than normal,
depending on the space. Temperature set points in lab areas will range
between 68 and 76 degrees. Airflow will not be affected.”

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 13




Comparison between August 13 and August 14

August 13

Imports = black (kw), UCSD generation (solar excluded) = Blue (kW)
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August 14 Demand Response
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Stacked area chart

UCSD Power Demand (Imported and Generated) on August 13th

and 14th
45000
40000
35000 - = SDGE Imports
E 30000 u Estimat(_ed Solar
= Production
2 Steam Turbine
& 25000
GE) m Generator B
0O 20000
) m Generator A
g 15000
a m Fuel Cell
10000
5000
0
I
Q.
Q'.Q aQ > > :
August 13th 2012 Time (hour of day) August 14th 2012 UC San Diego
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Dynamic response

August 14 Internal Generation, excluding solar
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August 14 Internal Generation, excluding solar
7]

Zoomed In view
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Estimating gain and time constant

August 14 Internal Generation, excludin « 13163 - 13087
© 131289 o 13059
15000 + 24942 + 2496.4
14000 ————7"% 0.0000 28180 —————— —
4 = 11216 = 47959 I P .~
P AT
o - _._Jﬁ'\_ =
TR
[
.
10000 i
!
L
| [{=TaTaTs1 -
[N
Y
s000
‘“'\. o
[
==~ ""‘—"«"vﬁ“u-"w"- = e i
4000 i e = E ’ —
[ C——— . —~—
2000 J
I
L
o
81472012 11:12:00 AM 8/14/2012 12:31:48 PM| [8r14r2012 1:26:37 PM| hours<][> 7 B8/14/2012 4:31:14 PM

OSlsoft. REGIONAL SEMINARS 2012

UC San Diego
18

© Copyright 2012 OSlsoft, LLC.



First order approximate response

So the simple dynamic model of the
campus could be as follows:

d(s) = Ts+1 u(s)
Where u(s) is the input function (the
occupy command in percent of rooms set
to “un-occupy” state), d(s) is the demand,
K is the gain, and T is the time constant in
seconds. For this test

100
u(s) = —
S
K =-36.02

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 T = 1800 seconds © Copyright 2012 OSlsoft, LLC. 19




Ison with September 14
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Solar output

Solar
25000 180000
0000 /// ‘\
nnnnn | // )<
L / 1 \
f pd J /
r/ / / / | \
D« st A ,‘ _,,/ \
9/13/2012 12:00:00 AM @, 8 2.00 days <[> & 9/15/2012 12:00:00 AM
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Side by side

kW response % Diff

20 a3 3L0w

STM generation increase 2818 2137 -24.2%

UC San Diego
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Significance

« UCSD can reliably reduce load by 6 MW in 54 minutes

- Sufficient chilled water must be available to allow
converting the steam chiller to a steam generator.

e Can building energy response be improved by using
existing HVAC data for efficiency

* Building KPI Intern program
— Summer of 2012
— Peggy Ip, John Lee, Yung Nguyen, Amy Chiang
UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 23




Why work on Building control systems

* As of 2010, the DoE reported that building energy
consumption represents 41.1% of the U.S. Primary
Energy Consumption which was greater than the
iIndustrial and transportation sectors

* Asmall improvement in building HVAC efficiency can
result in large reduction in carbon emissions and lower
costs of operations.

» Building might be useful “control” devices in local area
power systems, especially to help compensate for
solar PV and EV charging system intermittency

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 24




Building KPI Project

Original Tasks:
-
Su/ey Inlwentlenly oF Bu "d'l“g.sl |e' RCampus

Build 3-D model of campus on Google Buildings

—Study-existing-Pldatabase for global set of meastrements

Animate Google buildings with real-time data

—Wirite Report-on-Findings

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 25




Key Performance Indicators

Measures performance of a building
Annual energy per square foot

Can include other variables:
Occupancy
Building type
Direction the windows face
Energy source
Comfort KPI can include:
Amount of air flow
Zone temperature
Quality of air (CO,)
UC San Diego
OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 26




Results of the Pl AF Building Model

@ Pl Coresight E‘j | ‘ ‘ m @ Basement Power Example "W (Read Only) ”

homepage

Mew  Undo Redo Messages Help
dome | b SC-OSHAF b
@ 1106]Purpose | | 1107purpose | [ 1113pupose | | Basement..xample
Administrative Administrative R X,
[ Database27-tr Office . Conference Room :

* (9 MM-Room
> U OSI-FSE Caleulat.perday) | | Caleulat.perday) | | Calculat.perday) |

L d U SC-0SI-PMU MDB 9]

L d Test Datab: S
0 Test pata o ® Calculations|HVAC Power (W) | ©  Calculations|HVAC Power (W)
[ uesD - Microgrid 22776 w 1,000.3 w
» (9 ucsp-ker 1,800
1,600
1,400
1,2
,000
A
Related Assets 800

S 6500
Drag symbols to the Cart area to
store for later use. Click for more

UC San Diego
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Tag naming issues and approach

* Problem

— Legacy naming conventions not documented
— Multiple names for same object begin measured

« Approach
— Use object oriented design of naming structure

— Use IEC 61850 recommended names for leaf objects
— Use ISO 50001 Building Automation Standards

e Goals

— Set foundation for auto discovery and naming of BACnet systems

— Use PI AF data references to auto create Pl System tags with rigid
structure

— Create Pl AF names and tagnames with fixed width components
UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 28




Naming Structure

: : Computer &
California Warren Science Floor 1l Actual
Engineering Cooling
Building Setpoint
Actual
Before Heating

Setpoint
Modbus Hopkins Channel 1 Inverter Voltage

NAE*OB_CALIT .N2-1.RM-2300.7-2VAV2-45.SUPFLOW. SUPPLY ATR FLOW
Actual

Supply Air

NAE-HOZ HOUSING AND DINING.Field Bus.SF-VFD1l.SF-VFD1.AV-6.SUPPLY FAN VFDl AV-6

NorthCamp.Rady Main 7080 Power kVA c
REVELLE .Bonner El1131.Energy.kVAh del-rec

Flow
Setpoint

Measureme

After

CA.UCSD~.ERC~ .HOPPS .ROOF~ .ENERP . PV~~~ , INVRT . MEAS~ .VOLT

CA.UCSD~.WARR.ATKIN.FLR2~.R2300 .HVAC~ .ROCM~ .MEAS~ .SAF D
CA.UCSD~.REVE .HNDB~ .MECHI .HVAC~ .AHU#~ .SF6~~ .CTRL~ . VEDCOMMAND IDanjper
CA.UCSD~.NCAM.RADY2 .FLR7~.R7080.0UTLT .3PO~~ .MEAS~ . kVA Osnu)n

CA.UCSD~.REVE .BONNH.FLR1~.R1131 .0OUTLT.3PO~~.MEAS~ .kVAH

ohe
Temperatu

UC San Diego
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Baseline KP] KPI CALCULATION: DoE Model

Energy simulation with ideal air load Defining Thermal Zones
provides baseline for calculations

Google SketchUp

A ZBOC | v F 2B LRSF HBIZRAR DL
MBSO TFFE *LO M B 1
Top

B

West Side of Building

Defining Surfaces

e

. ]
i
BAldssiseitton

2o @0k U TOY 400
S0 BHI BESIE AN GO

UC San Diego
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KPI Comparison with Baseline

DoE Model VS. Estimated KPI

» Let’s take 3 rooms on the 15t floor in EBU3B..

1106 1107 1113
Administrative | Administrative Conference

Estimated 10.95 2 77.74 57 9.20 “Zr
21.34% 432 _.30% —34.72%
UC San Diego
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How can buildings be used as control variables

 We observed 3 MW demand response from buildings
* We observed 30 minute time constant from buildings

« We asked the guestion
— Can buildings be used for microgrid control?
« What effect will solar PV have on grid stability?
« What effect will fast EV charging have on grid stability?
e Can the microgrid deliver ancillary services to the area
power system?

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 32




Besides demand response, what other control issues?

Power, watts

3121
8/26/2012 8:46:20.621 AM

0000000000000

UC San Diego
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Proposed Control system

« Hierarchical building controls based on “room agent”
« “Agent” implemented as Pl AF template

 Room PI AF template includes:
— PI Notifications object issuing:SMS ‘messages to Facilities
— PI SQC object issues SQG,alarms to Facilities
— Room KPI includes comifort as well as energy
— PI AF analytics ased'to communicate to parent object
— Decouplingrair, flow control and temperature control

* Floor Pl AFtemplate communicates to building
« Building"Pl AF template communicates to College
« College PI AF template communicates to University

UC San Diego
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Others working in this field of agent based controls

« IBM
* Five significant papers on this subject

« UCSD KPI team filed Invention disclosure on this
approach to agent based controls

« Key innovations include:
— Template based room object
— SQC function inside the room object
— Notifications inside the room object
— Decoupling air flow and temperature

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 35




Goals towards scalability and auto discovery

* Developed common naming system with dictionary

« Examined PI AF syntax for parameter substitution to
create tag names

* Worked with SDSC to crack BACnet names using
Levenshtein distance algorithm (Jo Frabetti)

* Legacy tagnames can be automatically renamed to
new P| System tags that match the Pl AF names

UC San Diego
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 36




Suggested follow on work

« Build the PI AF naming structure for entire campus
* Implement room agent Notifications and SQC

* Implement decoupling analytics in room template

* Implement hierarchical control system

« Determine time constant of new building controls

Use local microgrid frequency as building control
signal
— Frequency decrease — load reduction

UC San Diego
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